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423 discussion item 1: How to handle the stiffness and crack control
requirements for systems with unbonded tendons?
Refer to the attachment titled "SERVICEABILITY REQUIREMENTS FOR
PRESTRESSED AND NONPRESTRESSED FLEXURAL MEMBERS". It
is based on current commentary Table R18.3.3, and I sent an earlier version
out with the initial draft of Chapter 9. It has the same general categories as
the current table, but is further divided with bonded and unbonded tendons.
The shaded cells indicate where, in my opinion, the current code provides
little or no guidance. My comments on the lettered cells:
a. and b. For Class C members with bonded tendons, the cracked section
analysis provides for the calculation of stresses in the concrete and steel,
allowing for the evaluation of crack control and one method (Bob Mast's
curvature analysis) of calculating cracked deflections. There is no
comparable guidance for unbonded tendons.
c. For Class C members with bonded reinforcement, crack control is
achieved by bar/tendon spacing. For unbonded tendons in one-way
construction, a minimum amount of bonded reinforcement is required by
9.6, but there is no spacing requirement other than it "shall be uniformly
distributed..." The commentary to the current code says that one function of
this bonded reinforcement is "to limit crack width and spacing at service
load when concrete tensile stresses exceed the modulus of rupture". I guess
I'd be OK with this if the spacing of the bonded reinforcement in Class C
members with unbonded tendons was required to meet the same
requirements imposed on nonprestressed members. Both Ken and Tom have
said that the design of Class C one-way construction with unbonded tendons
is virtually non-existent, so this shouldn’t be much of a burden on the
industry. If this were the case then calculating stresses at the serviceability
limit state with the cracked section analysis (cell a) would not be required.
Cell b would require the same provision as for nonprestressed concrete. A
new section 9.5.7 could be added that said: 9.5.7 – For Class C one-way

construction prestressed with unbonded tendons, the provisions of 9.5.4 shall
be satisfied with bonded nonprestressed reinforcement only. (current 9.5.7
would be renumbered to 9.5.8). Cell c would then show 9.5.7.
d. Along the same lines, I would be OK with ignoring the unbonded tendons
in deflection calculations for one-way Class C members, and analyzing them
as if they were nonprestressed. Presumably the prestressing counteracts the
deflections due to loading, so the analysis would be conservative. Cell d
would show the same requirements as for nonprestressed concrete. Section
9.8.2 would be modified as: 9.8.2 - For nonprestressed members, and for
one-way Class C members prestressed with unbonded tendons, minimum
thicknesses stipulated in 10.3.1, 11.3.1, and 12.3.1, as applicable, shall be
deemed to satisfy 9.8.1 for construction not supporting or attached to
partitions or other construction likely to be damaged by large deflections.
Some modification of 7.5.4.4 (Version 1.0 numbering) would also be
necessary: 7.5.4.4 — For one-way nonprestressed members, and for oneway Class C members prestressed with unbonded tendons, the value of Ie
shall be computed from Eq. (7.5.4.4) or other values in reasonable
agreement with results of comprehensive tests, but shall not be greater than
Ig.
e. Again, the cracked section analysis used for bonded reinforcement is not
applicable to Class T members with unbonded tendons. Ken was kind
enough to send us a copy of Section 2.10 of the PTI publication “Design of
Post-Tensioned Slabs Using Unbonded Tendons”. This document discusses
tests of the effective stiffness Ieff of a three span continuous slab, and
proposes a linear relationship of Ieff = 1.0Ig for a service load stress of 6 f c′
to Ieff = 0.7Ig for a service load stress of 12 f c′ . It notes that, for loading of
alternate spans 1 and 3, the equation overestimates the effective stiffness in
the tensile stress range between 11 f c′ and 12 f c′ (ranges from about 0.8Ig
at 11 f c′ to 0.63 Ig at 12 f c′ ). All considered, I believe this is a reasonable
assumption for continuous spans, but I am concerned about its application to
simple spans. I also don’t believe that extrapolation of this relationship to
Class C members with unbonded tendons is appropriate, which is why I
suggest those members be analyzed as nonprestressed.

423 discussion item 2: How to handle the minimum reinforcement
requirements for unbonded tendons?

Section 9.6 may seem a bit out-of-place here because it defines a minimum
amount of nonprestressed reinforcement in combination with unbonded
tendons rather than a spacing or other serviceability consideration. The same
provisions are currently in the one-way slab and beam chapters, and can be
consolidated here. The amount of steel would normally be considered more
of a strength consideration. However, the commentary that accompanies this
section in the current code states that Some bonded reinforcement is required
by the Code in members prestressed with unbonded tendons to ensure
flexural performance at ultimate member strength, rather than as a tied
arch, and to limit crack width and spacing at service load when concrete
tensile stresses exceed the modulus of rupture. Providing the minimum
bonded reinforcement as stipulated in 18.9 helps to ensure adequate
performance. This indicates to me that it is more of a performance issue
rather than a strength issue. In fact, my comment on page 4, line 88 indicates
that I don’t believe this requirement provides enough minimum
reinforcement (a strength issue) for Class C beams with unbonded tendons
(remember beams with unbonded tendons are exempted from the 1.2Mcr
requirement).

SERVICEABILITY REQUIREMENTS FOR PRESTRESSED AND NONPRESTRESSED FLEXURAL MEMBERS*

Assumed behavior
Tensile stress at serviceability limit state
based on uncracked section 9.3.3
Section properties for stress calculation at
serviceability limit state
Allowable compressive stress at transfer
of prestress
Allowable tensile stress at transfer of
prestress without additional bonded
reinforcement in the tension zone.
Allowable compressive stress at
serviceability limit state
Crack control

Computation of Δfps or fs for crack control
Side skin reinforcement

Deflection calculation basis

Prestressed
Class U
Class T
Bonded
Unbonded
Bonded
Unbonded
One-way construction (one-way slabs and beams)
Transition between
Uncracked
uncracked and cracked

f t ≤ 7.5 f c′

7.5 f c′ < f t ≤ 12 f c′

Class C
Bonded
Unbonded

Nonprestressed

Cracked

Cracked

f t ≥ 12 f c′

No requirement

Cracked
section
9.3.4

Gross section 9.3.3

Gross section 9.3.3

9.4.1

9.4.1

9.4.1

No requirement

9.4.2

9.4.2

9.4.2

No requirement

9.4.3

9.4.3

No requirement

No requirement

No requirement

No requirement

No requirement

Gross section
7.5.4.7 and 7.5.6.4

No requirement
Cracked
section
7.5.4.8 or
e
bilinear
7.5.4.9
plus
7.5.6.4

*All referenced section numbers are based on the new draft of Chapter 9 or Version 1.0.

9.5
Cracked
section
analysis
9.5.4.2
9.7.1
Cracked
section
7.5.4.8 or
bilinear
7.5.4.9
plus
7.5.6.4

a

No requirement

c

9.5

b

M/(As x lever arm),
or 2/3fy
9.5.4.1

d

9.7.1
Min. thickness or
effective moment of
inertia
7.5.4.1, 7.5.4.2,
7.5.4.4 through
7.5.4.6, 7.5.6.1
through 7.5.6.3
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reached when the strain in the exheme cornpression
fiber reaches the assumed strain lirnit of 0.003. The net
tensjle strain, t| is the tensile strain in tl.re extreme tension steel at non]inal strength, exclusiYe of strains due to
prestress, creep, shrinkage, ancl tenperature. The uet
tensile strain ir the extreme tension steel is deternined
from a linear strain distributior.r at nominai strength
using similar triangles.
Pr.estressed concrete sectior.Is are classified as either ten

sion-controlled, transition, or compression controlled
sectior.rs. \\rhen the net tensile strain in tlte extreme tension steel is sufficier.rtly large (i.e., equai to or greatet
than 0.005), the section is defined as tension controlled,
where ample warning of failure r,'ith excessivc def-lection
and cracking may be expccted. When the tensile strain
jn the extreme tension steel is sn.rall (i.e., less than or
equal to the conpression controlled strain Lir.r.rit), a brlt
tle faiiure may be expected, u'ith little u'arning of
impeding failure. Flexural menbers are rLsuaLl,v ten
sion controlled.

In positive moment regions of trvo-way slab s1'stems
where no bonded reinforcement is required, a tension
controlled member is defined as one where c,/d. = 0.375.
2.10 Deflection Criteria

as effects
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of creep and shrinkage of concrete, and relax-

11.]e

post-tensioning steel.

\\hen the calculated total service momcnt due to dead
plus live loads at any given section exceeds the cracking

monrent, that scction can no longer be assumed
uncracked. ll.re effective stiffl.ress al these cracked

sec-

tions is less than the calcuiated stilfness using gross sec-

tion properties.

Beciruse sections ai,r'ay from peak
moments ren.rain uncrackcd and elastic, the eflective

stiflness of continuous men.rbers remains greatcr than
11hat rvould be calculated assuming cracked sectior.rs
along the entire slab.

In slabs rvitl.r bonded tcndons, the strain in the tendons
at anv given scction can be assumed equal to the strain
in the concrete at the level of the tendon. Horvever, and
'r .:b. r' rh r rl'"nd.d rcndon., thc"c.. no. r.rin corl
patibilit.v betrveen the tendon and the concrete. Further
information on the anirlysis of cracked post-tensioned
concrete rnembers can be lonnd elsovhere in ReL 67.68
for unbonded tendons.
Tests have been conducted to study the stiffness of continuous or.]e l'ay slabs as a lunction of the service load
flcxural tensile stress. Fig. 2.4 con.rpares the behavior at

dilferent loading stages for a three-span slab designed
for .e-r ice Ier\ c \rre\\L \ ol " t f.. out loaccd to

Deflection in post-tensioned concrete structures is less
critical than that in strLlctures relnforced with non-pre
stressing stcel. This is primaril,v du€ to tlte fact that a
substantial portion of the applied load is balanced b1'
the tendons anci procluces no deflections. It should be
noted tl.rat ACI Code cleflectior.i limitations are all basecl
upon con-rpuled deflectiorrs and not on measurements
made on existing structures.

l2 \'f'.. This overloacl increasecl t1.re cracking and maximized the degradation of the slab. If the slab had been
designed fbr tl.re loads required to produce tensile
strcsses of 12 \,/'., then enougl.t boncled reinforcenent
wor-rld have been provided to render a higher ultinate
capacitr,. It therefore rvould havc cxhibited slighdy
higher stilfness due to the higher translorned section

When computir.rg detlections, calculated values for posttensioned one- and trn'o-i,vay slabs must be compared
l'itl.r the allowable values listcd in Table 9.5(b) of ACI
318-02. Per Table 2.4 above, deflection calculations for
Class C and ll flexural members shall be carried out on
the basis of a cracked transformed section analvsis. Scction 9.5.4.2 of the Code allou's the use of either a bilin
e.r monrcrrt-defle, t on rel'.r.ion'hip. nr u.irtg .'rr .lL-tire nror"cnt o 're- ia. /,,,- i .h'lll be .t'cd to ..rmPttt"

Fron.r Fig. 2.4, the following relationship can bc derived

ing the stiifness and, hence, conservative cleflectiorl

116rvhen tensile stresses are less than I

"n
tlre drflr.ction lor t l.r.s I-rrr..rre,,ied
-oncre(e ren-bet.
loadecl above the crackingioad. In this case, the eifect of
prestress must be taken jnto account rvhen con.iPllting
the cracking moment. It should be noted that the bilinear approach does not adequately describe the behavior
of continuous mer.nbers and can lead to underestimat-

computations.

l'he ACI Code aiso specifies that addilionaL long letm
deflections sl.rall be computed tal(ing into accounl
stresses in concrete and steel under sustained loads, such

properties.
using the straight line:
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Eq. 2.6 is a proposed approximation lor the eflective
stiffness of continuous rectangular r.t.tcmbers containing
0.20lo of bondcd rcinforccment. Specinen 204 shoivs
the rcsults of loading the first and third spans, ivhile
specimen 205 shorvs the results of loading all three
spans. The figure clearly shows that the cquation ovcr:r
". 'rp. /./\incn 5q cnri e r.re\.e.,.1-e in the range of
llr / ro ll t . r'\il" ir '.rther .on'crv.rlivq v 1,1qqlq1.

1t,f'.,.

redistribution in both prestressed and non-prestressed
continuous beams ar.rd slabs This paper will address the
lundamentals of moment redistribution and how the
new code affects design practices lt will also address the

related subject

of secondary moments in continuous

prestressed concrete members, and how they interact

in

Lhe momer'rt redi.r ribution Proce'.

Moment redistribution is a term that describes the
behavior of an indeterminate concrete member aftet
first yielding occurs at some cross-section of the member. As applied load is increased on an indeterminate
member, the response is initially eiastic (deflections,
moments, shears are linearly proportional to applied
ioad and can be calculated by elastic indeterminate theory) up to the load where yielding first occurs in any
cross-section. The appiied load producing first yielding
at any cross-section is called w,. incremental applied
load w, greater than w' is assumed to produce inelastic
rotatioir at the yielded section, but no change in applied
moment. Since w, produces no incremental n]oment at
the yielded cross-section, incremental moments resisting w2 are developed at seclions other than the initially
yielded section. Thus after first yielding, moments are
redistributed to other cross-sections of the member
which are still elastic. As w, increases, eventually other
sections will yield and develop hinges. When enough
hinges have developed in any span of the member to
make it unstabie (a mechar.ism rather than a flexural
member), the member is considered to have failed. The
load at ivhich a n.rechanism forms in any span is called
the "limit" load in that sPan.

739LOt2
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Fiq 2.4 - Effective Moment of lnertia for Post-Tensioned
Oi"+vuy Sf"Ot Designed to Tenslle Street above 6 Vf'c

The Code further requires the comPutation of additionaL iong term deflection due to sustained loading

(i.e,, creep and shrinkage of cor.rcrete and relaxation of
the post-tensioning steel) and leaves it up to the design
engineer to select a suitable method for calculating
long-term deflection, provided al1 elfects are considered
thiCode,rl5o point5 out the jmportance oi Lal ing into
account the effect of PrecomPression on slab shortening
due to concrete axial creeP.

Inelastic behavior in indeter1ninate concrete members ii
idealized by a bilinear troment-curvature relationship
The cross-section is assumed to respond elastically up tc
an applied ntoment of dM, at i'vhich Poinr the sectior
develops a "plastic hinge'l and incremental curYatur(

2.1 1 Moment Redistribution

Bondy(er) presented an extensive discussion on moment

(rotatior.r) occurs at the section with no change ir

redistribuiion according to the latest provisions of the
ACI Code. It should be noted that all of tl.re discussion
in this section is taken from Ref 91.

moment.
The inelastic behavior of a continuous member dependr
on whether yielding first occurs in a negative momen
region (at a support) or in the field ofthe member in thi

Monent redistribution provides the designer of continuous prestressed and non-prestressed beams and slabs a
valuable tool for cost-efficient design, Understanding
and taking advantage of the effects of inelastic behavior
in indetermir.rate t.t.rembers generaLly pernits the

positive moment region The ACI Code requirementl

permit first yielding in either positive or
inoment

negativ(

regions, although this is not immediately

obvi

designer to reduce both the maximum elastic positive

ous.

spans, and reducing the amount of reinforcing required

Moment redistribution is used in the design of continu
ous concrete mernbers by providing a flexural capacit'
SM- ar the negativc or po:itire moment region' of th'
rrrerber or both,7 that i) le'. lhdn the momenl al th
same point calculated by elastic theory. The reducer
mon]ent capacities must be statically consistent witl
moments ai other sections of the member under th
same loading condition.

and negative moments when live load is "skipped" (i e,
nr.u,tg.d it.t Patterns that produce maimum possibLe
positive and negative moments at alL sections)' thus nariowing the envelope of demand moments across the

for any given factor of safety. Moment redistribution
also often pern.rits the "shifting" of moments from cross
sections that are less efficient ir.r resisting moment to
those that are more efficient, resulting in furlher savings
in reinforcing. Significant changes have been made to
the current ACI Code that simplifu and uniff moment
l4
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CHAPTER 8 — STRENGTH

Deleted: AND SERVICEABILITY

8.1 — Scope
8.1.1 — The provisions of this chapter shall apply to computation of nominal strength at a
section of a member. <8.1.1> <9.1.1> <9.3.1>
8.1.2 — Design strength at a section of a member shall be nominal strength multiplied by the
appropriate strength reduction factor φ. <8.1.1> <9.1.1> <9.3.1>

8.2 — General assumptions for flexure and axial loads
8.2.1 — Compatibility of strains and force equilibrium at a section
8.2.1.1 — The strength design method shall satisfy the compatibility of strains and static
equilibrium of forces. <10.2.1> <10.3.1> <18.3.1>
8.2.1.2 — For nonprestressed and prestressed concrete members, the tensile strength of concrete
shall be neglected in strength computations. <10.2.5> <18.3.2.2>

Deleted: govern
Deleted: computed
Deleted: 8.1.2
Deleted: 1.3
Comment [SJS1]: Stresses are now in
Chapter 9.
Deleted: 8.1.2 — The provisions of this
chapter shall govern for stress computed
at a section of a member. <~>¶
¶
8.1.3 — The provisions of this chapter
shall govern for stress limits for
prestressed members computed at a
section of a member. <~>¶

Deleted: <18.13.5.8>

8.2.1.3 — Maximum usable strain at the extreme concrete compression fiber shall be assumed
equal to 0.003. <10.2.3>
8.2.1.4 — Strain in concrete and nonprestressed reinforcement shall be assumed to be directly
proportional to the distance from the neutral axis. <10.2.2>

Deleted: 3

8.2.1.5 — Strain in bonded prestressed reinforcement shall include the strain due to effective
prestress and the strain due to loading, and shall be assumed to vary linearly with depth
throughout the entire load range. <18.3.2.1>

Deleted: 8.2.1.4 — Maximum usable
strain at the extreme concrete
compression fiber shall be assumed equal
to 0.003. <10.2.3>¶
¶

8.2.1.6 — Strain in unbonded prestressed reinforcement shall include the strain due to effective
prestress and shall be assumed to be independent of strain in surrounding concrete. <~>

Deleted: steel

8.2.2 — Design assumptions for concrete in compression
8.2.2.1 — The relationship between concrete compressive stress distribution and concrete strain
shall be assumed to be rectangular, trapezoidal, parabolic, or any other shape that results in
prediction of strength in substantial agreement with results of comprehensive tests. <10.2.7>
<10.2.6>
8.2.2.2 — Requirements of 8.2.2.1 are satisfied by an equivalent rectangular concrete stress
distribution defined in 8.2.2.3 through 8.2.2.5. <10.2.7>

Deleted: steel
Deleted: to the distance from the
neutral axis
Comment [SJS2]: My understanding
is that plain concrete will be a separate
chapter.
Deleted: ¶
8.2.1.7 — For structural plain concrete
members, strength computations shall be
in accordance with 8.8. <~>
Deleted: Behavior of
Deleted: due to flexure or combined
flexure and axial load
Deleted: Provision 8.2.2.1 is

8.2.2.3 — A concrete stress of 0.85fc′ shall be assumed uniformly distributed over an equivalent
compression zone bound by edges of the cross section and a straight line located parallel to the
neutral axis at a distance a = β1c from the fiber of maximum compressive strain. <10.2.7.1>
1

Deleted: by

1

CHAPTER 9 — SERVICEABILITY REQUIREMENTS

2

9.1 - Scope

3
4
5

9.1.1 - Chapter 9 contains minimum requirements for the behavior and functionality of
structural members designed under this code, including requirements for permissible
stresses in prestressed concrete and control of cracking and deflections. <~>

6

9.2 - General

7
8
9

9.2.1 - For investigation of stresses at transfer of prestress, at the serviceability limit state,
and at cracking loads, elastic theory shall be used with the assumptions of 8.2.1.4 through
8.2.1.6. <18.3.2>

10

9.2.2 - At cracked sections, concrete resists no tension. <18.3.2.2>

11
12

9.2.3 - Concrete modulus of rupture fr shall be computed in accordance with 5.2.2.
<9.5.2.3>

13

9.3 - Classification of prestressed concrete flexural members

14
15
16

9.3.1 - Prestressed one-way construction shall be classified as Class U, T, or C in
accordance with Table 9.3.3, based on the computed maximum flexural tension stress ft
at the serviceability limit state assuming the section remains uncracked. <18.3.3>

17
18

Table 9.3.3 — Concrete tensile stress limits for one-way construction at serviceability
limit state
Assumed behavior
Class
ft limits, psi
Uncracked

U

f t ≤ 7.5 f c′

Transition between uncracked and
cracked

T

7.5 f c′ < f t ≤ 12 f c′

Cracked

C

f t > 12 f c′

19
20

9.3.2 - Prestressed two-way slabs shall be designed as Class U with f t ≤ 6 f c′ . <18.3.3>

21
22

9.3.3 - For Class U and T prestressed flexural members, stresses at the serviceability limit
state shall be permitted to be computed using the uncracked section. <18.3.4>

23
24
25

9.3.4 - For Class C prestressed flexural members with bonded tendons, stresses at the
serviceability limit state shall be computed using the cracked transformed section.
<18.3.4>

1

Comment [SJS1]: Mast’s cracked
section analysis assumes the prestressing
steel is bonded. It is not appropriate to
use this analysis for unbonded tendons.

26
27

9.3.5 - [What do we do about stresses in Class C prestressed flexural members with
unbonded tendons?]

28

9.4 - Permissible stresses in prestressed concrete flexural members

29
30
31

9.4.1 - Extreme concrete fiber stress in compression immediately after transfer of
prestress, before time-dependent prestress losses, shall not exceed the values specified in
Table 9.4.1. <18.4.1>

32

Table 9.4.1 — Maximum concrete compressive stress after transfer of prestress
Location

Support condition

Maximum compressive
stress, psi

Simply supported

0.70fci′

Not simply supported

0.60fci′

All conditions

0.60fci′

End of members
Other locations
33
34
35
36
37
38

9.4.2 - Where computed concrete tensile stress ft immediately after transfer of prestress,
before time-dependent prestress losses, exceeds the values specified in Table 9.4.2,
additional bonded reinforcement shall be provided in the tension zone to resist the total
tensile force in concrete computed with the assumption of an uncracked section.
<18.4.1c>

39
40

Table 9.4.2 — Maximum concrete tensile stress after transfer of prestress without
additional bonded reinforcement in the tension zone
Support condition

ft , psi

Simply supported

6 f ci′

Not simply supported

3 f ci′

All conditions

3 f ci′

Location
Ends of members
Other locations
41
42
43
44

9.4.3 - For Class U and T prestressed flexural members, the extreme concrete fiber stress
in compression at the serviceability limit state after allowance for all prestress losses shall
not exceed the values specified in Table 9.4.3. <18.4.2>

45

Table 9.4.3 — Concrete compressive stress limits at serviceability limit state
Maximum extreme concrete fiber stress
Condition
in compression, psi
0.45 f c′
Prestress plus sustained load
0.60 f c′

Prestress plus total load
46
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47
48

9.4.4 - Permissible stresses in 9.4.1 through 9.4.3 shall be permitted to be exceeded if
shown by test or analysis that performance will not be impaired. <18.4.3>

49

9.5 - Distribution of flexural reinforcement in one-way construction

50
51
52

9.5.1 - This section prescribes rules for distribution of bonded flexural reinforcement to
control flexural cracking in nonprestressed and Class C prestressed one-way construction.
<10.6.1>

53
54

9.5.2 - Distribution of flexural reinforcement in two-way slabs shall be as required by
11.7. <10.6.2><18.9.3>

55
56

9.5.3 - Bonded flexural tension reinforcement shall be well distributed within maximum
flexural tension zones of a member cross section as required by 9.5.4. <10.6.3>

57
58
59
60

9.5.4 - For nonprestressed and Class C prestressed one-way construction, the spacing of
bonded reinforcement closest to the tension face s shall not exceed the values specified in
Table 9.5.4. Values of fs and Δfps shall be in accordance with 9.5.4.1 and 9.5.4.2,
respectively. <10.6.4> <18.4.4> <18.4.4.1> <18.4.4.2> <18.4.4.3>

61
62
63

9.5.4.1 - Calculated stress fs in nonprestressed reinforcement closest to the tension
face at the serviceability limit state shall be computed based on the unfactored
moment. It shall be permitted to take fs as 2/3fy. <10.6.4>

64
65
66
67
68
69

9.5.4.2 - Calculated stress Δfps shall be taken as the computed stress in bonded prestressing steel at the serviceability limit state based on a cracked section analysis
minus the decompression stress fdc. It shall be permitted to take fdc equal to the
effective stress in the prestressing steel fse. The magnitude of Δfps shall not exceed
36,000 psi. When Δfps is less than or equal to 20,000 psi, the spacing requirements of
9.5.4 shall not apply. <18.4.4.2> <18.4.4.3>

70
71

9.5.5 - If there is only one bar, wire or bonded tendon nearest to the extreme tension face,
s used in Table 9.5.4 is the width of the extreme tension face. <10.6.4>

72
73
74
75
76

9.5.6 - Where flanges of T-beam construction are in tension, part of the bonded flexural
tension reinforcement shall be distributed over an effective flange width as defined in
7.5.1, or a width equal to one-tenth the span, whichever is smaller. If the effective flange
width exceeds one-tenth the span, some bonded longitudinal reinforcement shall be
provided in the outer portions of the flange. <10.6.6>

77
78
79
80

9.5.7 - The provisions of 9.5.4 are not sufficient for nonprestressed and Class C
prestressed one-way construction subject to fatigue, designed to be watertight or exposed
to severe corrosive environments. In such cases, special investigations and precautions
are required. <10.6.5><18.4.4>
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Table 9.5.4 — Maximum spacing of bonded reinforcement in nonprestressed and Class
C prestressed one-way construction
Spacing between
Maximum s, in.

Nonprestressed bars
or wires

⎛ 40,000 ⎞
⎟⎟ − 2.5cc
15⎜⎜
⎝ fs ⎠

Lesser of:
⎛ 40,000 ⎞
⎟⎟
12⎜⎜
⎝ fs ⎠

⎤
⎛ 2 ⎞ ⎡ ⎛⎜ 40,000 ⎞⎟
− 2.5cc ⎥
⎜ ⎟ ⎢15⎜
⎝ 3 ⎠ ⎢⎣ ⎝ Δf ps ⎟⎠
⎥⎦

Bonded tendons

Lesser of:
⎛ 2 ⎞ ⎡ ⎛⎜ 40,000 ⎞⎟⎤
⎥
⎜ ⎟ ⎢12⎜
⎝ 3 ⎠ ⎣⎢ ⎝ Δf ps ⎟⎠⎦⎥

A bar and a bonded
tendon

⎤
⎛ 5 ⎞ ⎡ ⎛⎜ 40,000 ⎞⎟
− 2.5cc ⎥
⎜ ⎟ ⎢15⎜
⎟
⎝ 6 ⎠ ⎣⎢ ⎝ Δf ps ⎠
⎦⎥

Lesser of:
⎛ 5 ⎞ ⎡ ⎛⎜ 40,000 ⎞⎟⎤
⎥
⎜ ⎟ ⎢12⎜
⎝ 6 ⎠ ⎢⎣ ⎝ Δf ps ⎟⎠⎥⎦

85
86
87

9.6 - Minimum bonded reinforcement in one-way construction
prestressed with unbonded tendons
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9.6.1 - A minimum area of bonded reinforcement shall be provided in all Class U, T and
C one-way construction prestressed with unbonded tendons as required by 9.6.3.
<18.9.1><18.9.2.2>
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9.6.2 - Minimum area of bonded reinforcement in two-way slabs prestressed with
unbonded tendons shall be as required by 11.6.3.5. <18.9.3>
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9.6.3 - Minimum area of bonded reinforcement for one-way construction prestressed with
unbonded tendons shall be computed by
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As = 0.004 Act

Eq. (9.6.2)

Comment [SJS2]: 1.The current code
does not differentiate between Class C
members with bonded or unbonded
tendons. For Class C members with
bonded reinforcement, crack control is
governed by 9.5 above. I am not
convinced that the minimum bonded
reinforcement requirement of As =
0.004Act, in combination with the
unbonded tendon(s), will provide
sufficient crack control or ductile flexural
behavior at nominal strength in all cases.
For example, if a rectangular beam of f’c
= 6400 psi concrete is designed with a
single unbonded tendon, it can be
considered Class C concrete with As,min =
0.004Act. For the same nonprestressed
beam the minimum flexural
reinforcement requirement would be
or 0.004bwd, or roughly twice
3 6400
60000
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where Act is area of that part of cross section between the flexural tension face and center
of gravity of gross section. <18.9.2>

4

bw d

the requirement of the Class C beam.
This appears to be a hole in the current
code that needs fixing.
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9.6.3.1 - Bonded reinforcement required by Eq. (9.6.2) shall be uniformly distributed
over precompressed tensile zone as close as practicable to extreme tension fiber.
<18.9.2.1>
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9.6.4 - Minimum length of bonded reinforcement required by 9.6.3 and 11.6.3.5 shall be
as required in 9.6.4.1, 9.6.4.2, and 9.6.4.3. <18.9.4>
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9.6.4.1 - In positive moment areas, minimum length of bonded reinforcement shall be
one-third the clear span length, ln, and centered in positive moment area. <18.9.4.1>
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9.6.4.2 - In negative moment areas, bonded reinforcement shall extend one-sixth the
clear span, ln, on each side of support. <18.9.4.2>
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9.6.4.3 - Where bonded reinforcement is provided for φMn in accordance with 8.3.1.7
and 8.3.1.8, or for tensile stress conditions in accordance with 11.6.3.5, minimum
length also shall conform to provisions of 20.3 and 20.4. <18.9.4.3>
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9.7 - Side Skin Reinforcement
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9.7.1 - Where h of a nonprestressed or Class C prestressed beam or joist exceeds 36 in.,
bonded longitudinal skin reinforcement shall be uniformly distributed along both side
faces of the member. Skin reinforcement shall extend for a distance h/2 from the tension
face. The spacing s shall be as provided in 9.5.4, where cc is the least distance from the
surface of the skin reinforcement or bonded prestressing steel to the side face. It shall be
permitted to include such reinforcement in strength computations if a strain compatibility
analysis is made to determine stress in the individual bars, wires or bonded tendons.
<10.6.7><18.4.4.4>
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9.8 - Control of deflections caused by gravity
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9.8.1 - Structural concrete members subjected to flexure shall be designed to have
adequate stiffness to limit deflections or any deformations that adversely affect strength
or serviceability of a structure. <9.5.1>
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9.8.2 - For nonprestressed members, minimum thicknesses stipulated in 10.3.1, 11.3.1,
and 12.3.1, as applicable, shall be deemed to satisfy 9.8.1 for construction not supporting
or attached to partitions or other construction likely to be damaged by large deflections.
<9.5.2.1><9.5.3.1>
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9.8.3 - Where deflections are computed for the purpose of satisfying 9.8.1, the modeling
and analysis procedures shall comply with 7.5.4 and 7.5.6. Calculated deflections shall
not exceed limits stipulated in Table 9.7.3. <9.5.2.6><9.5.3.4>

130

Table 9.7.3 — Maximum permissible computed deflections caused by gravity
Deflection
Type of member
Deflection to be considered
limitation
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134
135
136
137
138
139
140
141
142
143
144

Flat roofs not supporting or
Immediate deflection due to
attached to nonstructural
live load L
l / 180 *
elements likely to be damaged
by large deflections
Floors not supporting or
Immediate deflection due to
attached to nonstructural
live load L
l / 360
elements likely to be damaged
by large deflections
Roof or floor construction
That part of the total
supporting or attached to
deflection occurring after
l / 480 ‡
nonstructural elements likely to attachment of nonstructural
be damaged by large deflections elements (sum of the longterm deflection due to all
Roof or floor construction
sustained loads and the
supporting or attached to
l / 240 §
nonstructural elements not likely immediate deflection due to
any additional live load)†
to be damaged by large
deflections
* Limit not intended to safeguard against ponding. Ponding should be checked by
suitable calculations of deflection, including added deflections due to ponded water, and
considering long-term effects of all sustained loads, camber, construction tolerances, and
reliability of provisions for drainage.
† Long-term deflection shall be determined in accordance with 7.5.6.1 or 7.5.6.4, but may
be reduced by amount of deflection calculated to occur before attachment of
nonstructural elements. This amount shall be determined on basis of accepted engineering
data relating to time-deflection characteristics of members similar to those being
considered.
‡ Limit may be exceeded if adequate measures are taken to prevent damage to supported
or attached elements.
§ Limit shall not be greater than tolerance provided for nonstructural elements. Limit may
be exceeded if camber is provided so that total deflection minus camber does not exceed
limit.
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