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Timesaving Design Aids for Reinforced
Concrete

Abstract

Tools and methods are presented to design safe,
economical concrete buildings in less time. Specifically
addressed is design and detailing of non-prestressed,
reinforced concrete structural members subjected to
gravity and lateral ioads. All methods conform to the
provisions in Building Code Requirements for Structural
Concrete (318-99) and Commentary (318R-99).

Introduction

As schedules become tighter and codes and standards
become more complex, engineers need tools and design
aids to assist them in producing safe, economical
structures in the shortest time possible. The information
provided in this paper provides ways to reduce the
design and detailing time required for non-prestressed
concrete beams, one-way slabs, two-way slabs, colurmns,
and walls.

The design aids presented here—which can be utilized in
preliminary and final design stages or to verify computer
output—conform to the provisions of ACI 318-99 (ACIL,
1999). All referenced section numbers and notation are
in ACI 318-99. These design methods and aids are an
attempt to satisfy the requirements of this standard in the
simplest and guickest ways possible.

It is assumed that a structural analysis has been
performed—which includes gravity and lateral (wind
and/or seismic) forces—and that factored reactions have
been calculated for the members. Design tools are
provided to assist in determining member size and
reinforcement based on the factored load combinations.

David A. Fanella, Ph.D., S.E., P.E.
Portfand Cement Association
Skokie, IL

Beams and One-way Slabs

The member depth is typically determined first to ensure
that the deflection requirements of Section 9.5 are
satisfied. For non-prestressed beams and one-way siabs
that are not supporting or attached to partitions or other
construction likely to be damaged by large deflections,
the minimum thickness (h) is given in Table 9.5(a). For
the case of one end continuous, normal weight concrete,
and Grade 60 reinforcement, the minimum thickness is

¢/24 for solid one-way slabs and ¢/18.5 for beams or

ribbed one-way slabs, where the span length ({) is in
inches.

Deflection problems can also be minimized by
judiciously choosing the tension reinforcement ratio (p)
in the positive moment region. Deflection problems are
rarely encountered in beams with p = 0.5p,.

Consider the following strength equation that must be
satisfied at all sections:

M, <¢M, =¢Af,(d-a/2)=ppbdf,(d - al/2)
where a = A f, /0.85{ b =pdf, /0.85{:b. Assuming
4,000 psi concrete and Grade 60 reinforcement, p =

0.5pmax = 0.0107 and Fhe above equation becomes:

2
bd? =22.9M, = 20M,,

where, for convenience, b and d are in inches and M, is
the governing factored moment in fi-kips.
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Any combination of b and d can be determined from this
equation, with the only restriction that the final depth (h)
selected must satisfy serviceability requirements. Thus, h
can be determined from Table 9.5(a) and d can be taken
as h — 2.5 inches for beams with one layer of steel and
h— 1.25 inches for joists and slabs. The above sizing
equation can then be soived for the width (b). Similar
equations can easily be derived for other materials.

Since one-way slabs are usually designed using a one-
foot strip, the above sizing equation simplifies to:

d=13M,

The following should be considered when sizing beams
and one-way slabs for economy:

e Use whole inches for beam dimensions; slabs
may be specified in 4-in. increments.

* Use constant beam size from span to span and
vary reinforcement as required.

» Use wide, flat beams (same depth as joist system
when applicable) rather than narrow deep
beams.

»  Use beam width equal to or greater than column
width.

» Repeat the same member sizes wherever
possible in the building:

Following these guidelines results in economical
formwork, which generally leads to the most economical
structure.

For beams in special moment frames, which are required
in areas of high seismic risk, the geometric constraints in
Section 21.3.1 must also be satisfied.

Once the member size has been established, the negative
and positive reinforcement must be determined along the
span. The above strength equation can be rewritten in the
following form:

0.5pf

$bd? 0.851;

The relationship between p and R, for Grade 60
reinforcement and various concrete strengths is shown in
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Figure 1. The relationship between p and R, js
approximately linear up to about 2p,,,,/3. Therefore, the
0.5pf

term fy 1————7>=
| 0.85f;

the relationship can be described as follows:

} is a constant up to that point, and

M M
——-=pxconstant or Ag = .

¢bd ¢d{constant)
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Figure 1. Strength curves for Grade 60
reinforcement.

For f; = 4,000 psi, £, = 60,000 psi, and p = (2/3)pmaxs
the constant for the linear approximation is 4.37.
Therefore,

_ Mu _ Mu _ Mu NMu
od(constant) 0.9xdx4.37 3.93d 4d

S

where My is in ft-kips, d is in inches, and A, is in square
inches.

This equation can be used to quickly determine the
required tension reinforcement at any section of a
rectangular beam or slab subjected to M,,. For all values
of p < 2ppmax/3, it gives slightly conservative results. The
maximum deviation in A is less than +10% at the
minimum and maximum permitted steel ratios. For

members with p in the range of 1% to 1.5%, the error is
less than 3%. Similar calculations show that this
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equation can also be used for members with 3,000 psi
and 5,000 psi concrete.

Once the required area of steel is computed, the size and
number of reinforcing bars must be selected. The
minimum and maximum number of reinforcing bars
permitted in a cross-section are a function of cover and
spacing requirements given m Sections 7.6.1 and 3.3.2
(minimum  spacing  for  concrete placement),
Section 7.7.1 (minimum cover for protection of
reinforcement), and Section 10.6 (maximum spacing for
control of flexural cracking).

The maximum spacing of reinforcing bars is limited to
the value given by Equation (10-5) in Section 10.6.4.
The following equation can be used fo determine the
minimum number of bars n_;, required in a single layer

{(see Figure 2):

. by —2(c: +0.5dy)

where, from Equation (10-5),

540 36
=280 ose <1 2

5 S

‘f‘ﬁf i

g,

r (Sect. 7.2.2)

o i = "~ ]"
L‘— Clerr space 2= dp

1.33(max. agg. size)

Ce |

1-1/2" clear—
(Sect. 7.7.1) (&
C

13 by

Figure 2. Cover and spacing requirements.

Table 1 contains the minimum number of bars required
in a single layer for beams of various widths, assuming
Grade 60 reinforcement, clear cover to the tension
reinforcement ¢ equal to 2 in., and f, equal to 36 ksi.

The maximum number of bars ng,, permitted in a
section can be computed from (see Figure 2):
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_ by —2(c; +dg +71) +1
(Clear space) + dy,

max

Table 2 contains the maximum number of bars permitted
in a single layer assuming Grade 60 reinforcement, clear
cover to the stirups ¢, equal to 1.5 in, and ¥-in.

aggregate. Also, it is assumed that No. 3 stirrups are
utilized for No. 5 and No. 6 longitudinal bars, and No. 4
stirrups are used for No. 7 and larger bars.

Selecting bars within the limits of Tables | and 2 will
provide automatic conformance with the code
requirements for cover and spacing, based on the
assumptions noted above. Tables for other parameters
can easily be generated.

The maximum bar spacing for one-way slabs is 12 .,
assuming Ys-in. cover and f; equal to 36 ksi.

Table 1. Minimum number of bars in a
single layer per Sect. 10.6.

Bar Beam width (in.)

Size [12 |14 |16 {18]20[22[24}26|28|30|36]42 )48
No. 4 20213 [31313(3{4[4]4|5]|516
Ne.5 | 2| 213013 [3[3]3[414|4;5[5]6
No. 6 212 3 {33334 4]4|5151]6
No. 7 21213 |3)3|3{3[414]d4]|5]5]6
No.8 | 2123 |3[3]3[3t4|a4]4]5|5]|6
No. 9 2] 213133313134 (4314|5(5]6
No. 10y 2 | 2 313 [3)3]314]4]415([5]6
No.11]| 2| 20331313 ]|3]|]4]414]|5]15]6

Table 2. Maximum number of bars
permitted in a single layer.

Bar Beam width (in.)

Size [12] 14116 118]20122124{26[28]30[36|42]48
No.4 | 5768 |9]10]12]13}14]|16]17]2125][29
No. 5 s|lel 7 1s8]1ol1]12({13}15]16{19]|23127
No.6 | 4| 6| 7 [8|[ol1o[11]12]14]15]18122]25
™No.7 [ 4| 516 177819}10[11[12][13117]20;23
No.8 | 4]s5 16789 ]10j11]12{13]16[19]22
No.9 | 31 4| 5]6{7{8|8|9}10(11;14|17]19
No. 10| 3 | 4| 45|67 [8)j8]9 101211517
No.11b 3 [ 3l 4alsislej7]8]|8[9]|11]13]15
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When designing for the effects of shear, Equation (11-2)
must be satisfied at any section:

Vy S0V, = (Ve + Vs)

The selection and spacing of stirrups can be simplified if
the spacing (s) is expressed as a function of the effective
depth (d). Using three standard stirrup spacings (s = d/2,
d/3, and d/4), values of ¢V can be derived for various
stirrup sizes and spacings, independent of the member
size.

For vertical stirrups (Equation 11-15):

Jfyd

S

dA

Vs =

By substituting d/n for s (where n =2, 3, or 4), the above
equation can be rewritten as:

oVs = d’Avfy'n
Thus, for Grade 60 No. 3 U-stirrups spaced at d/2:

$Vs = 0.85x0.22x 60 % 2 = 22.4 kips, say 22 kips

Table 3 contains values of ¢V, for Grade 60 U-stirrups

with 2 legs. It is important to reemphasize that values of
$V, are not dependent on the member size or on the

concrete strength.

Table 3. Values of ¢Vg (fy = 60 ksi).”

<)
)

cag moman

;;E;Eg No. 3 No. 4 No. 5
s "t U-stirrup U-stirrup U-stirrup
dr2 22 kips 40 kips 63 kips
d/3 33 kips 61 kips 94 kips
d/4 44 kips 81 kips 126 kips
*Valid for stirrups with 2 legs (double the tabulated values for
4 legs, etc.)

Once ¢V = V, — ¢V has been computed at a particular
section, a value of ¢V can be chosen from Table 3 that
is equal to or slightly greater than that which is required.
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The stirrup size and spacing corresponding to this valye
of pV, can be specified at this section of the beam.

For beams in special moment frames, V, is computed in
accordance with Section 21.3.4.1. For cases where V,

must be set equal to zero according to Section 21.3.4.2,
hoop spacing can be determined from Table 3 based on
V, at the section. Section 21.3.3.2 gives maximum hoop

spacing in regions where hoops are required. Outside of
these regions, spacing of stirrups with seismic hooks can
be determined utilizing V.

According to Section 11.5.6.9, ¢V, is limited to
d)SJE byd. If it is determined that the required §Vj is
greater than this limiting value, one or more of the cross-

sectional dimensions must be increased in order to carry
the factored shear force.

Larger stirrup sizes at wider spacings are more cost
effective than smaller stirrup sizes at closer spacings,
since the latter requires disproportionately high costs for
fabrication and placement. Changing the stirrup spacing
as few times as possible over the length of the member
also results in cost savings.

In order to adequately develop the stirrups, the
requirements of Sectien 12.13 must be satisfied. To
allow for bend radii at comers of U-stirrups, the
minimum beam widths given in Table 4 should be
provided.

Table 4. Minimum beam widths.

Stirrup Size Minimum Beam Width, b,,
No. 3 10 in.
No. 4 12 in.
No.§ 14 in.

In 1995, a new design procedure for torsion was
introduced in ACI 318. The provisions are based on a
thin-walled tube, space truss analogy, where the
contribution’ of concrete to torsional strength is
disregarded for simplicity. Except for a few minor
changes, the torsion provisions in ACI 318-99 are
virtually the same as those in ACI 318-95.
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A comprehensive set of design aids that can be used to
efficiently design and detail concrete beams subjected to
the combined effects of flexure, shear, and torsion can be
found in Design of Concrete Beams for Torsion (Fanella
and Rabbat, 1997).

Reinforcement details for beams in intermediate and
special moment frames can be found in Seismic
Detailing of Concrete Buildings (Fanella, 2000).

Two-way Slabs

Calculation of deflections for two-way slabs is
complicated, even when linear elastic behavior is
assumed. To avoid extremely complex calculations in
routine designs, deflections of non-prestressed two-way
slab systems need not be computed if the slab thickness
meets the minimum requirements of Section 9.5.3.
Figure 3 contains minimum slab thickness as a function

of clear span length £ in the long direction, assuming

Grade 60 reinforcement and, if applicable, relatively stiff
edge and/or interior beams.

12.0
L0 | e 208
L "o.> 20 Flat slab with spandrel beams*
E 10.0 i
g %0 J—
-] Flat plate withispandrel beams®
3 3.0 == =
= + >/ /
E o Fhat pl .
E L a1 plate _| /(
E 6.0 ] “Two-way Deati—
-5 5.0 3 supponed siab
U [ Two-way beam- (3 = ty***
4.0 /< "~ supportedslab [
(B=2)=
3.0 L
10.0 15.0 25.0 30.0

20.0
Longer Clear Span £, (ft)

Figure 3. Preliminary slab thickness for
two-way slab systems per Section 9.5.3.

When two-way slabs are supported directly on columns
(as in flat plates and flat slabs), shear near the columns is
of critical importance, especially at exterior slab-column
connections without spandrel beams. For flat plates, the
thickness of the slab will almost always be governed by
two-way shear and not by serviceability requirements.
Figure 4, which is based on the two-way shear
requirements of Section 11.12, can be utilized to
determine a preliminary slab thickness for a flat plate

71st Annual Convention Proceedings

with square edge columns of size ¢; (3-sided critical
section) supporting a tributary area (A), square bays
(£; = £3), gravity load moment transferred between the
slab and edge column in accordance with the provisions
of Section 13.6.3.6, and 4,000 psi, normal weight
concrete. A preliminary slab thickness (h) can be
obtained by adding 1.25 in. to d from the figure, where
the total factored load w, includes an estimate for the
weight of the slab. For rectangular bays with ¢ =2¢,, d
from Figure 4 should be increased by about 15%, and for
bays with £; = 0.5¢,, d may be decreased by 15%.

Fire resistance requirements per the governing building
code must also be considered when specifying minimum
slab thickness. '

0.90 [ (
r Alel=1250
0.80 [ 95 e
" a0
0.70 / 175
r ! /
0.60 | / 150
i i
’ / { /
; F - 125
£ 050 — E -
[ : i
i 100
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[ ! i
i 75/
030 [ ;
I é ]
/ ; 0 —]
020 ——— |
- f !
L i
010 YU TS TN R Y L L I
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Figure 4. Preliminary slab thickness for flat
plate construction based on two-way shear
at edge column {f'. = 4 ksi).
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According to Section 13.5.1.1, either the Direct Design
Method (DDM) of Section 13.6 or the Equivalent Frame
Method (EFM) of Section 13.7 is permitted to determine
the effects of gravity loads on two-way slab systems in
lieu of other methods that satisfy conditions of
equilibrium and geometric compatibility. For routine
cases, the DDM can be used to quickly and easily
determine moments in column and middle strips, as long
as the conditions in Section 13.6.1 are satisfied. Moment
redistribution as permitted by Section 8.4 shall not be
applied for slab systems designed by the DDM.

The DDM is a three-step analysis procedure. The first
step is calculation of the total factored static moment
(M,) for a panel. The second step involves distribution
of M,, to negative and positive moment sections. In the
third step, negative and positive factored moments are

distributed to column and middle strips and to beams, if
any.

For uniform loading, M, for a panel is computed from
the following (Equation (13-3)):

0,02
Mozwu 82 n

where w, is the factored load per unit area. Clear span £,

is defined in Section 13.6.2.5 for both rectangular and
nonrectangular supports, and span {; is transverse to ¢,

Sections 13.6.2.3 and 13.6.2.4 provide definitions of ¢,

when the transverse span on either side of the centerline
of supports varies and when the span adjacent and
parallel to an edge is being considered, respectively.

Distribution of M,, into negative and positive moments,

and then into column and middle strip moments (and, if
applicable, beam moments), involves direct application
of the moment coefficients contained in Sections 13.6.3
through 13.6.6. For design convenience, moment
coefficients for flat plates/flat slabs and two-way beam-
supported slabs are contained in Tables 5 and 6,
respectively. Final moments in column and middle strips
can be computed directly from the tabulated values,
where ail negative moments are at the face of the
support.

Once the factored negative and positive moments (M, )
are determined from the applicable table, A; can be
readily computed using the equation developed above,

Table 5. Design moment coefficients used
with the DDM for flat plates or flat slabs.

A A A
End Span Interior Span
Lo e Ll
. First .
Exter_mr Positive | interior | Positive lnten_or
negative . negative
_ negative

Total 0.26M, | 0.52M, | 0.70M, | 0.35M, | 0.65M
Moment o ’ o ) 0 ’ ° ) o
Col
s ;1 ;m“ 0.26M, | 0.31Mg | 0.53M; | 0.21M, | 0.49M,
Middle
Srip 0 0.21M, | 0.17M, | 0.14M, | 0.16M,
Note: All negative moments are at face of support.

458

According to Section 13.3, the minimum reinforcement
ratio in each direction based on gross concrete area is
0.0018 for Grade 60 reinforcement, and maximum bar
spacing is the smaller of 2h or 18 in.

Numerous analytical procedures exist for modeling
frames subjected to lateral loads. In general, any
procedure that satisfies equilibrium and geometric
compatibility may be utilized, as long as results from the
analysis are in reasonable agreement with test data. For
slab-column frames, where only a portion of the slab is
effective across its full width in resisting the effects of
lateral loads, acceptable approaches include finite
element models, effective beam width models, and
equivalent frame models. Regardless of the method
utilized, frame member stiffness must take into account
effects of cracking and reinforcement so that drift due to
wind and/or earthquake effects is not underestimated
{Section 13.5.1.2).
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Table 6. Design moment coefficients used with the DDM for two-way beam-supported slabs.

End Span Interior Span
. First .
Moments E:te:‘:‘c:; Positive interior Positive gtzzzre
negd negative g
&, 18, | Total 0.16M, 0.57M, 0.70M, 0.3M, 0.65M,
Column | Beam 0.12M,, 0.43M, 0.54M, 0.27M, 0.50M,
Stri
0.5 P Slab 0.02M, 0.08M,, 0.09M, 0.05M,, 0.09M,
Middle Strip 0.02M,, 0.06M, 0.07M, 0.03M,, 0.06M
Colummn Beam | 0.10M, 0.37M, 0.45M, 0.22M,, 0.42M,
Strip
1.0 Slab 0.02M,, 0.06M, 0.08M, 0.04M,, 0.07M,
Middle Strip 0.04My 0.14M, 0.17M, 0.05M, 0.16Mg
Column Beam 0.06M,, 0.22M, 0.27M, 0.14M, 0.25M,,
Strip
20 Slab 0.01M, 0.04M,, 0.05M, 0.02M,, 0.04M,,
Middle Strip 0.09M, 0.31M, ' 0.38M,, 0.19M, 0.36M,
Notes: (1) All negative moments are at face of support.
{2) Beams and slabs satisfy stiffness criteria: o;¢, / {; = 1.0and B, z25.

For flat plate frames, the effective beam width model
will give reasonably accurate resufts in routine
situations. In this method, the actuat slab is replaced by a
flexural element that has the same thickness as the slab
and an effective beam width (b,) that is a fraction of the
actual transverse width of the slab. The following
equation can be used to determine b, for an interior slab-

column frame (Hwang and Moehle, 2000):

£y
b, =2cy +—
e 1 3

For an exterior frame, b, equals one-half of the value
computed from the above equation, It is shown in the
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reference that this solution produces an accurate estimate
of elastic stiffness for regular frames.

To account for cracking in non-prestressed slabs,
bending stiffness is typically reduced to between one-
half and one-quarter of the uncracked stiffness, which is
a function of h and b, When determining drifis or
moment magnification in columns, lower-bound slab
stiffness should be assumed. When slab-column frames
interact with structural walls, a range of slab stiffnesses
should be investigated in order to assess the importance
of interaction.

J
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According to Section 13.5.1.3, it is permitted to combine
the results of the gravity load analysis with those of the
lateral load analysis. Required reinforcement can be
computed from the simplified equation above for the
governing load combination.

When two-way slab systems are supported by beams or
walls, shear forces in the slab are seldom a critical factor
in design. In contrast, when two-way slabs are supported
directly on columns, as in flat plates or flat slabs, shear
around the columns is of critical importance, especially
at exterior slab-column connections where the total
exterior slab moment must be transferred directly to the
column.

Two types of shear need to be investigated: one-way
shear and two-way shear. For one-way or beam-type
shear, which may be critical in long, narrow slabs, the
critical section is at a distance d from the face of the
support (Section 11.12.1.1). Design for one-way shear
consists of checking that the following is satisfied at
critical sections in both directions:

V, <2t ed

where £ is equal to £, or ¢; and V| is the corresponding

factored shear force at the critical section. Rarely is one-
way shear a critical factor in design.

Two-way or punching shear is generally more critical
than one-way shear in slab systems supported directly on
columns. The critical section for two-way action is at a
distance d/2 from edges or comers of columns,
concentrated loads, reaction areas, and changes in slab
thickness, such as edges of column capitals or drop
panels (Section 11.12.1.2). For non-prestressed slabs of
normal weight concrete without shear reinforcement, the
following must be satisfied (Section 11.12.2):

i)

c

v, <smallestof ¢v, =5 ¢(2 + O];Sd}[fz
0

INT

.
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where v, is the maximum factored shear stress at the

critical section and all other variables are defined in
Section 11.0. Figure 5 contains allowable shear stress
¢v,. in slabs with 4,000 psi normal weight concrete at an

edge column.

0.220

0.200

0.180 p==3
N

(ksl)

0.160

$v,
L

0.140 E

0.120 F

20

0.100 L——i— e
s 1S 25 35 45 55 65 75 85 95

b, /d
Figure 6. Two-way shear strength of slabs
(f'. = 4,000 psi) at an edge column (o, = 30).

Transfer of moment in slab-column connections takes
place by a combination of flexure (Section 13.5.3) and
eccentricity of shear (Section 11.12.6). The portion of
total unbalanced moment M,, transferred by flexure is

v¢M,, where y¢ is defined in Equation (13-1). It is
assumed that yM,, is transferred within an effective slab
width equal to ¢, plus one and one-half slab or drop
panel thicknesses on each side of the column or capital.
Reinforcement is concentrated in the effective slab width
such that §M, =y¢ M or, using the simplified equation,
A 2yyM, /4d. Under certain conditions, y; may be

increased to values greater than those determined from
Equation (13-1) (Section 13.5.3.3).

The portion of the total unbalanced moment M,
transferred by eccentricity of shear is y, M, where y, =
1 — yr (Sections 13.5.3.1 and 11.12.6). When the DDM is
used, the gravity load moment M, to be transferred
between slab and edge column must be 0.3M,
(Section 13.6.3.6).

Assuming that shear stress resulting from moment
transfer by eccentricity of shear varies linearly about the

—
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centroid of the critical section, the factored shear stresses
on the faces of the critical section are determined from
the following (Section 11.12.6.2):

V

Val Mo oMy
Ac Jic
Vu YvMy

v I ——
LN TP
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where A, is the area of the critical section and J/c and

T/¢' are the section moduli of the critical section. As
noted above, the maximum v, must be less than or equal

to the governing ¢v..

Numerous resources contain equations for determining
A, Ve, and J/c (Fanella and Ghosh, 1993). Tables 7

through 9 facilitate calculation of these quantities for
rectangular and circular columns.

Table 7. Properties of critical section—interior rectangular column.

ce=c' ={c; +d)/2
AC = fl dz

Jie=J/c' = 2f, d3

i f;

¢ /d c,le, glc,
0.50 0.75 1.00 1.28 1.50 1.75 2.00 0.50 .75 1.00 1.25 1.50 1.75 2.00
1.00 7.00 7.50 8.00 8.50 9.00 9.50| 10.00 233 2.58 2.83 3.08 333 3.58 3.83
1.50 8.50 925 1000 1075 1150} 12.25] 13.00 3.40 3.86 4.33 4.80 5.27 5.74 6.21
2.00 10.000 11.00| [2.00| 13.00| 14.00| 15.00f 16.00 4.67 5.42 6.17 6.92 7.67 8.42 9.17
2.50 11.50| 12,75 14.00§ 15.25| 1650 17.75| 19.00 6.15 7.24 8.33 943 1052 1le1| 1271
3.00 13.00] 14.50] 16.00] 17.50| 19.00{ 20.50; 22.00 7.83 9331 10.83| 12.33] 13.83) 1533 16.83
.50 1450} 16.25| 18.00] 19.75| 21.50f 23.25] 25.00 9731 11701 13.67| 1564 17607 19571 21.54
4.00 16.00| 1800! 20.00| 2200 24.00| 2600| 2800} 11.83| 1433| 1683} 1933 21.83| 2433| 26.83
4.50 1750 19750 22.000 24251 2650 28750 31.00] 1415} 17.24] 2033 2343 26.52( 29.61| 32.71
5.00 19.00! 21.50| 24.00| 2650| 20.00] 31.50| 34.00] 1667] 2042| 24.17| 27.92| 31.67| 3542 39.17
5.50 50| 23.25| 26.00| 2875| 31.50| 34.25| 3700] 19.40| 23.86( 2833] 32.80 37.27( 41.74| 46.21
6.00 2200| 2500| 28.00| 31.00) 3400| 37.00| 4000] 22.33| 27.58| 3283} 38.08) 43.33| 4858( 53.83
6.50 2350 26.75| 30.00] 33.25] 36500 39751 43.00] 2548) 31.57] 3767| 43.76( 49.85; 5595 62.04
7.00 2500 2850] 32.00] 3550| 39.00f 42.50; 46.00| 28.83{ 35.83{ 42.83| 49.83| 56.83y 63.83| 70.83
7.50 26.50] 30.25| 34.00| 37.75| 41.50] 45.25| 49.00f 3240| 4036| 4833( 56.30| 64.27 72.24; 8021
8.00 28.00| 32.00} 36.00] 40.00] 44.00| 48.00| s52.00| 3617} 45.17| S417| 63.173 72.17 81.17| 90.17
8.50 2050 33750 38.00] 4225| 46.50| 50.75| 55.00f 40.15| 50.24| 6033 7043 80.52( 90.61| 100.71
9.00 31.00¢ 35.50] 40.00| 44.50| 45.00| s53.50| 58.00f 44.33] 55.58| 66.83| 78.08| 89.33| 10058} 11 1.83
9.50 32500 37.25| 42.00| 46.75| 51.50] 56.25| 61.00f 48.73| 61.20| 73.67 86.14| 98.60{( 111.07| 123.54
10.00 34.00| 39.00| 44.00f 49.00] 54.00| S59.00! 64.00f 53.33| 67.08 80.83| 94.58| 108.33| 122.08| 135.83
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Table 9. Properties of critical section—
interior circular column.

c=¢' =(D+d)2

» -
/ A= d?

Jic = ¥ic' = 26,43

D/d fy f;
1.0 6.28 1.74
1.50 7.85 2.62
2.00 9.42 3.70
2.50 § 11.00 | 4.98
3.00 | 12.57 6.45
3.50 | 14.14 8.12
4,00 | 15.71 9.98
4.50 | 17.28 | 12.05
5.00 | 18.85 | 14.30
5.50 {2042 | 16.76
6.00 | 21.99 | 1941
6.50 | 23.56 | 22.26
7.00 | 25.13 | 25.30
7.50 | 26.70 | 28.54
8.00 | 28.27 { 31.98
8.50 | 29.85 | 35.61
9,00 § 31.42 | 39.44
9.50 | 32.99 | 4346
10.00 | 34.56 | 47.68
Section 13.3 contains  general reinforcement

requirements for two-way slabs, including the minimum
area of steel and maximum bar spacing. When choosing
bar sizes, the largest bars that satisfy maximum limits on
spacing will generally provide overall economy. Critical
dimensions that limit bar size are thickness of slab
available for hooks and distances from critical design
sections to edges of slab.

Figure 13.3.8 contains minimum extensions for
reinforcement in two-way systems without beams. These
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minimum lengths and extensions are usually not
sufficient when a two-way slab is part of the lateral-
force-resisting (LFR) system (Section 13.3.8.4). In such
cases, bar lengths must be determined in accordance
with Sections 12.10 through 12.12.

Details at edge and comner columns that satisfy the
requirements of Section 13.5.3 for transfer of unbalanced
moment by flexure are shown in Figure 7 for flat plates.

When two-way slab systems are part of the LFR system,
distribution of moment transfer reinforcement at interior
columns and at edge columns bending parallel to an
edge depends on the ratio of the factored moments from
gravity loads to factored moments from lateral loads in
the slab. For ratios greater than 1, the combined moment
in the slab on each face of the support is negative, and all
of the moment transfer reinforcement should be placed
at the top of the slab. However, for ratios less than 1, the
combined moment is positive on one face of the support
and negative on the other face. In this situation, it would
be prudent to divide moment transfer reinforcement
between the top and bottom of the slab, with the top and
bottom reinforcement continuous over the column to
account for moment reversals.

Columns

Total loads on columns are directly proportional to bay
sizes (i.e., tributary areas). Therefore, larger bay sizes
mean larger column sizes. Bay size is often dictated by
architectural and functional requirements of a building.
For example, larger bays are rtequired to achieve
maximum unobstructed floor space. The type of floor
system that is utilized also affects column spacing:
economical use of a non-prestressed flat plate floor
system usually requires columns that are spaced closer
than those supporting a one-way or two-way joist
system.

Aside from the above considerations, it is important that
columns satisfy all of the applicable strength
requirements of ACI 318 and at the same time be
economical. Since concrete is more cost effective than
reinforcing steel for carrying axial compressive loads, it
is typically more economical to use larger column sizes
with lesser amounts of reinforcement.
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Start 1* additionat bar @ column centerline
{if uniformly spaced bar is on centerline, starl
addifionai bars @ 3~ on each side). Provide
3" min. spacing from uniformly spaced bars
{if possible}.

Start 1% bar on each side @ s/2 from edge
of column strip. Space remaining bars @ s.

Note: Where additional top bars are
required, indicate the total number of bars
on the design drawings as, for example, {8
+3)-No. 4, where 8 is the number of
unifermly spaced bars and 3 is the number
of additional bars.

Start 1™ additional bar @ 6” from edge.
Space remainder @ 3" (if possible). Provide
3" min. spacing from uniformly spaced bars (3
possible).

Start 1 bar @ 3~ from edge of column
strip. Space remaining bars @ s.

Figure 7. Typical reinforcement details at edge and corner colum ns in flat plates.

Columns must be sized not only for strength, but also for
constructability. For proper concrete placement and
consolidation, column and bar sizes should be selected
to ensure that reinforcement is not congested, especially
at beam-column joints. A smaller number of larger bars
usually improves constructability. Table 10 can be used
to determine the number of longitudinal bars that can be
accommodated on the face of a rectangular tied column

with normal lap splices, based on the provisions of

Section 7.6.3. Similarly, Table 11 contains the maximum
number of bars that can be accommodated in circular
columns or square columns of size h with longitudinal
reinforcement arranged in a circle with normai lap
splices.

Reuse of column forms from story to story can result in
significant savings. In low-rise buildings, it is more

economical to use the same column size and concrete
strength for the entire height of the building and to vary
only the longitudinal reinforcement as required. In taller
buildings, the size of the column can be changed over
the height of the building, but the number of changes
should be kept to 2 mintimum. By judiciously varying
reinforcement and concrete strength, the same column
size can be used over a number of stories. In any size
building, it is €conomically unsound to vary column size
to suit the load on each story ievel.

In preliminary design, it is necessary to select column
sizes for cost estimating and/or frame analysis. The
initial selection can be very important when considering
overall design time. A preliminary column size should
be selected based on a low percentage of longitudinal
reinforcement; in this way, additional reinforcement can
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be added in the final design stage without having to
change the column size, which would typically require
reanalysis of the structure. Columns with reinforcement

718t Annual Convention Proceedings

ratios in the range of 1% to 2% are usually the most
economical.

Table 10. Minimum face dimension (in.) of rectangular tied columns with normal lap splices

Face dimension

e

1.5"—

" Lo, 4 te

IR

{ St ors oy (Seet.783)
. Number of bars per face
Bar Size

2 3 4 5 6 7 8 9 10 11 12 13 14
No. 5 8 10 12 14 17 19 21 23 25 27 29 31 34
No. 6 9 11 13 15 18 20 22 24 27 29 31 33 36
No. 7 9 13 14 16 18 21 23 26 28 30 33 35 37
No. 8 9 12 14 17 19 22 24 27 29 32 34 37 39
No. 9 10 13 16 18 21 24 27 30 33 35 38 41 44
No. 10 11 14 17 20 23 27 36 33 36 39 42 46 49
No. 11 i1 15 18 22 25 29 32 36 40 43 47 50 54

*Column face dimension rounded to nearest inch.

* For No. 5—- No. 8:

s For No. 9 —No. 11:

where n = number of bars per face
0.29294d,,

1.5+dy

0 = arcsin

Maximum size aggregate not larger than % minimum clear spacing between bars (Section 3.3.2).
The following equations can be used to determine the minimum column face dimension for other cover and tie sizes:

Minimum face dimension = 2(cover + tie diameter) + ndy, + 1.5(n — 1} + [(3 + 2dy,)cos8 — 0.586dy, - 3]

Minimum face dimension = 2(cover + tie diameter) + ndy + 1.5dp(n - 1} + 1.38dy,

dy, = diameter of longitudinal bars

The design chart presented in Figure 8, based on
Equation (10-2), can be used for nonslender tied
columns loaded at an eccentricity of no more than about
10% of the overall thickness (i.e., columns with zero or
small computed moments). Figure 8 provides quick
estimates for gross area (Ag) of a column section

required to support a factored axial load P, within the
reinforcement limits of Section 10.9, assuming Grade 60

465

reinforcement (f, = 60 ksi). Appreciable bending

moments can occur in columns due to unbalanced
gravity loads and/or lateral forces. The AC/ Design -
Handbook (ACI, 1997), the CRSI Design Handbook
(CRSI, 2002) and the PCA computer program PCACOL
(PCA, 1999) are a few of the many resources available
to design columns for the combined effects of axial load
and bending moment.

'| |
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Table 11. Maximum number of bars in columns having bars arranged in a circle with normal
lap splices*

1.57—

No. 4 spiral or tie

1.5" for No. 5 - No. 8

1.5d, for No. 9~ No, 11 (58t 7.6.3)

Bar Size
h (in.)
No. 5 No. 6 No. 7 No. 8 No. 9 No. 10 No. 11
12 g 7 6 6 4rx —_— —
14 11 10 9 8 7 S¥* 4xx
16 4 13 12 1i 9 7 6
18 17 i6 i4 13 i 9 8
20 20 19 17 16 13 I 10
22 23 21 20 18 16 13 12
24 26 . 24 22 21 18 15 13
26 29 27 25 23 20 17 15
28 32 30 28 26 22 19 17
30 35 33 30 28 25 2 19
32 38 35 33 31 27 23 21
34 41 38 36 33 29 25 22
36 44 41 38 . 36 3 27 24
k1. 47 44 4] 38 34 29 26
40 50 47 44 41 36 31 28
42 53 49 46 43 38 33 30
44 56 52 49 46 40 35 31
46 59 55 52 48 42 37 33
48 62 58 54 51 45 39 35
*Maximum size aggregate not larger than % minimum clear spacing between bars (Section 3.3.2).
Minimum number of longitudinal bars is 4 when enclosed by circular ties and 6 when enclosed by
spirals (Section 10.9.2). R=inforcement ratios pg are within limits of Section 10.9.1.
The following equation can be used to determine the maximum number of bars n for other cover and
tie or spiral sizes:
n= 180
. s/2
arcsi -
“{O.Sh —{cover + tie or spiral diameter) — 1.5d;,
where s = 1.5 in. + d}, for No. 5 - No. 8 )
= 1.5dy + dy, = 2.5d,, for No. 9 - No. 11
dy = diameter of longitudinal bars
**Applicable to circular tied columns only
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8.00
7.00
8.00

5.00

PuIA (ksi)
S

3.00

2.00

0.03 0.04

pg = AslIAg

Figure 8. Design chart for nonslender, tied columns (f, = 60 ksi).

A simplified interaction diagram, such as the one
depicted in Figure 9, can be created by connecting

straight lines between points corresponding to certain
transition stages. The transition stages are:

Stage 1: Pure compression (no bending)

Stage 2: Siress in reinforcement closest to tension
face=0 (f,=0)

Stage 3: Stress in reinforcement closest to tension
face = {).Sfy (fy= 0.5fy)

Stage 4: Balanced point; stress in reinforcement
closest to tension face =f, (f;=f,)

Stage 5: Pure bending (no axial load)

The type of lap splice that is required depends on where
the load combinations fall within the interaction diagram

(Section 12.17). For all load combinations falling within
Zone 1, compression lap splices are allowed. In Zone 2,
either Class A or Class B tension lap must be used,
depending on the number of bars spliced at a section.

467

Class B tension lap splices are required when one or
more load combinations fall within Zone 3.

All bars in compression

0 £ £ £0.5f, on tension face

Zane |

/
/

Axiul Load

f, 2 0.5f, on tension face

/7
/
g/

®
Bending Moment_
Figure 9. Transition stages on interaction
diagram.
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The information in Figure 10 can be utilized to
determine the critical points on the interaction diagram
for a rectangular tied column with Grade 60 bars
arranged symmetrically in the section. The equations for
¢P, and M, for points 2 through 4 yield larger values
than the exact ones, since, for simplicity, the stress
0.85f'; 1s not subtracted from the stress f in the bars
located in the compression block. For columns with
reinforcement ratios up to 3%, the difference between
the computed and exact values of ¢P, is at most 10%,

with the difference much less than that for ¢M,.

The reciprocal load method, which is described in
Sections R10.3.5 and R10.3.6, is one of the simplified
methods that can be utilized to design columns subjected
to bending about both principal axes simultaneously. A
trial section can be obtained from an interaction diagram
using the factored axial load P, and the total factored

moment M, = M, + My, where M,,, and M,,, are the

factored moments about the principal axes. The equation

in Sections R10.3.5 and R10.3.6 can then be used to
check if the section is adequate or not. Although this
design process is conservative, only an adjustment in the
amount of reinforcement will usually be necessary to
obtain an adeguate or more economical solution,

Provisions for slenderness effects are contained in
Sections 10.10-10.13. According to Section 10.10,
columns must be designed based on a second-order
analysis or, when applicable, the magnified moment
method of Sections 10.11-10.13. In the latter case, 2
methods are provided to determine whether stories in a
structure are nonsway or sway (Section 10.11.3).

The maximum unsupported column length £, that would

permit slenderness to be neglected for a nonsway (k = 1)
rectangular column of size h that is bent in double
curvature with equal factored end moments is
(Section 10.12.2):

| 34
£ <34~ IZ[M]—J =34 -12(-1) =46 > 40, use 40
iy Mz

fu

0.3h

<40oré¢, <I2h

468

Beam stiffnesses at the top and bottom of a column in 3
sway frame can have a significant influence on the
degree of slenderness. For example, for a sway columm
with a column-to-beam stiffness ratio ¥ = 1.0 at both
ends, the effective length factor k 1.3 (see
Figure R10.12.1), and the effects of slenderness may be
neglected when £, < Sh. If the beam stiffness is reduced

to one-fifth of the column stiffness at each end, then k =
2.2, and slenderness effects need not be considered when

¢,<3h.

When slenderness effects must be considered, moments
at column ends are to be magnified according to
Sections 10.12 and 10.13 for nonsway and sway frames,
respectively, or a second-order analysis must be
performed. For columns subjected to biaxial bending,
the moment about each axis shall be magnified
separately. Columns are designed for combined effects
of axial load and magnified bending moments utilizing
the methods described above.

Details for column reinforcement can be found in ACT
Detailing Manual (ACI, 1994), Reinforcing Bar
Detailing Manual (CRSI, 2000}, and Simplified Design
of Concrete Buildings of Moderate Size and Height
(Fanella and Ghosh, 1993). Details for columns in
regions of high and moderate seismic risk are also
available (Fanella, 2000).

Walls

For buildings in the low to moderate height range, frame
action alone is usually sufficient to provide adequate
resistance to lateral loads. Since frame buildings depend
primarily on the rigidity of the slab-column or beam-
column joints, they tend to be uneconomical beyond 11-
14 stories in regions of high to moderate seismicity and
15-20 stories elsewhere. High-rise frames often could
not be efficiently designed to satisfy strength and drift
requirements without structural walls.

If possible, walls should be located within the plan of the
building to minimize torsional effects from lateral loads.
Since concrete floor systems act as rigid horizontal
diaphragms, lateral loads are distributed to lateral-force-
resisting elements in proportion to their rigidities.
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Sinucre
=)

)
on v

Py

b ,
) . 0.003
Compression face p—t
f Layer n, Ag, — | aY : dn Esn
: c
di )
d1 h Compression is positive
Layeri, Ay — 2 é Esi
Layer 1, Agy — X €s1

Tension face Strain diagram

Refer to Figure 9 for location of points on interaction diagram.
¢ Point i: Pure compression {no bending)
OPrmax) = 0-800A 5 [0.851; +p, (fy —0.85(()] ACI Equation (10-2)

s Points2-4

OP, =¢{c dib+87% As{l C, -:il—ﬂ (kips)
i=l t

d; |(h
¢Mn =¢!:05C]d1b[ B] ! ]4"872 ASL(I C2 ) ](E—dl )}/12 (ft-kips)
Ca i=1
. 0.003
where C] =0.85ch1 —_—
0.003- €51
_0.003 -¢g
27 0.003
d; }_ 60
1-CH— 3 < rris =0.69 to ensure that the stress in the bars < f, = 60 ksi
i
! 0.85>B =1.05-0.05f; 20.65 (Section 10.2.7.3; f; in ksi}
£, {ksi)
4 5 6 7 8 9 10
Point | /%, £, GglaliglagliglgialSG S |SG 16 G166
2 0.00 000000 | 289 | 1.00] 340 | 1.00 | 383 | 100 | 4177 i.00 | 442 | 100} 497 ] 100 [ 553} 1.00
3 -0.50 000103 | 215 | 1344 253 | 134 | 284§ 134 | 3.10 | £34 | 3.29 | 134 } 370 1.34 | 4.11 | 1.34
4 -1.00 -0.00207 L7 169 | 201 1.69 | 226 169 | 247 [ 169 | 262 | 1.69 | 294 | 169 | 327 | 169

s  Point 5: Pure bending (no axial load)
Use iterative procedure to determine $M,,.

‘ Figure 10. Simplified interaction diagram for rectangular, tied columns with symmetrical
reinforcement (f, = 60 ksi).
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Since walls are typically located around elevators and
stairs, their lengths are usually dictated by the size of
these openings. From a practical standpoint, a minimum
thickness of 6 in. is required for a wall with a single
layer of reinforcement and 10 in. for a wall with two
layers.

When walls are present in buildings of low to moderate
height, frame-wall interaction can usually be neglected,
since walls are normally stiff enough to attract the
majority of the effects from lateral loads. This greatly
reduces overall analysis and design time, and generally
results in a nonsway frame. In contrast, frame-wall
interaction must be considered for high-rise structures
where the walls have a significant effect on the frame: in
the upper stories, the frame must resist more than 100%
of the story shear caused by lateral loads. Negiecting
frame-wall interaction would not be conservative at
these levels. Also, a more economical solution will be
obtained when frame-wall interaction is considered.

According to Section 14.2.2, walls shall be designed in
accordance with Section 14.2, 14.3, and either 14.4,
14.5, or 14.8. Section 14.4 contains the requirements for
walls designed as compression members using the
strength design provisions of Chapter 10, which are
described above for columns. Any wall may be designed
by this method, and no minimum wall thicknesses are
prescribed. The Empirical Design Mcthod of
Section 14.5 and the Alternate Design Method of
Section 14.8 may only be used when various conditions
are satisfied.

In addition to the provisions of Chapter 14, walls in
buildings located in regions of high seismic risk must be
designed and detailed in accordance with Section 21.6.
In certain situations, special transverse reinforcement is
required at wall ends (Section 21.6.6). No special
detailing is required in regions of moderate or low
seismic risk.

In high-rise buildings, walls are ordinarily designed in
accordance with Section 14.4 or, if applicable,
Section 21.6. Interaction diagrams can be obtained
utilizing the resources above for columns.

For buildings of low to moderate height, walls with
uniform cross-sections and uniformly distributed vertical
and horizontal reinforcement are usually the most
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economical. For rectangular walls containing uniformly
distributed vertical reinforcement and subjected to an
axial load (P,) smaller than that producing balanced

failure, the information in Figure 11 can be used to
determine the nominal moment capacity of the wall.
This method should apply in a majority of cases, since
the axial loads are usually small.

u

%)

05A T 0.1+
¢[ sty w( Ag y

— ‘an
—

T

C 0+a

£y 20+085p

_[ Ast
7 h

P
o=—2>
£ hf;

fy

3

e ]
Figure 11. Approximate nominal moment

capacity of low-rise walls.

In regions of low and moderate seismic risk, shear
provisions for walls are contained in Section 11.10. The
amounts of wvertical and horizontal reinforcement
required for shear depend on the magnitude of the
factored shear force (V,):

*V, £ ¢V /2: Provide minimum reinforcement in
accordance with Section 11.10.9 or Chapter 14

* $V./2 <V, < $V_: Provide minimum reinforcement
in accordance with Section 11.10.9

® Vy > ¢V Provide horizontal reinforcement in
accordance with Equation (11-33)

where ¢V is defined in Section 11.10.5. Tables 12 and

13 contain minimum reinforcement per Chapter 14 and
Section 11.10.9, respectively.

In regions of high seismic risk, the shear provisions of
Section 21.6.4 must be satisfied.
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Table 11. Minimum wall reinforcement
(V, S0V, 12).

Wal Vertical Horizontal
al -
. Min. Min.
Thlcl_mess lAl: Suggested A l" Suggested
h (in) s Reinforcement | _ ° Reinforcement
(in.2/ft) (in./f)
6 0.09 No. 3 @ 15" 0.14 No.4 @ 16"
8 0.12 No. 3@ 11" 0.19 No.4@ 12"
10 0.14 No. 4 @ 16" 0.24 No.5 @ 15"
12 0.17 No.3 @ 15" 0.29 No.4@ 16"
14 0.20 No.3 @ 13" 0.34 No.4 @ 14"
16 0.23 No.3@ 11" 0.38 No.4@ 12"
18 0.26 No. 4@ 18" 0.43 Ne.5@17"
*Min. A_/ft = 0.0012(12)h = 0.0144h for Grade 60, No. 5 bars and
smalier (Section 14.3.2)
**Min. A_/ft = 0.0020(12}h = 0.0240h for Grade 60, No. 5 bars
and smaller (Section 14.3.3)
Note: two layers of reinforcement are required for walls thicker
than 10 in. (Section [4.3.4).

Table 12. Minimum wall reinforcement
(OVe/2 <V, <4V,).

. Vertical and Horizontal
Wall Thickness h - -
. Min. A, .
{in) . Suggested Reinforcement
(in.~ /ft)
6 0.18 No.4 @ 13"
8 0.24 No. 5@ 15"
10 0.30 No. 5@ 12"
12 0.36 No. 4 @ 13"
14 0.42 No. 4@ 11"
16 0.48 No.5 @ 15"
18 0.54 No. 5@ 13"
*Min. A /ft = 0.0025(12)h = 0.03h {Section 11.10.9)
Note: two layers of reinforcement are required for walls thicker
than 10 in. (Section [4.3.4).

Design for required horizontal reinforcement in walls
where V, > ¢V, can be simplified by determining values

of the design shear strength (¢V ) provided by the

horizontai reinforcement. According to Equation (11-
33y

_4Afyd
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where A, is the area of horizontal shear reinforcement

within a distance s and d = 0.8, (Section 11.10.4). For

example, for a wall reinforced with a single layer of
Grade 60 No. 4 bars spaced at 12 in.:

_ 0.85x0.20% 60 (0.8x12¢,)
- 12

oV, =8.2¢,, kips

Table 13 contains values of $V per foot length of wall

for various horizontal bar sizes and spacing.

Table 13. Shear strength ¢V, provided by
horizontal shear reinforcement (f, = 60 ksi).*

Bar $Vs
spacing (kips/ft length of wall}
5 (in) No. 3 No. 4 No. 5 No. 6
6 9.0 16.3 253 359
7 7.7 14.0 21.7 30.8
8 6.7 12.2 19.0 26.9
9 6.0 10.9 16.9 239
10 5.4 9.8 15.2 215
11 4.9 8.9 3.8 19.6
12 4.5 8.2 12.7 18.0
13 4.1 7.5 11.7 16.6
14 1.9 7.0 . 10.8 154
15 3.6 6.5 “10.1 144
I6 34 6.1 9.5 3.5
17 32 5.8 8.9 12.7
18 3.0 54 8.4 12.0
*Values of ¢V, are for walls with a single layer of reinforcement.
Tabulated values can be doubled for walls with two layers.

Once the required ¢V = V, — ¢V, is computed, a bar
size and spacing that provides at least that amount of
shear strength can easily be chosen from Table 13.

Required vertical shear reinforcement is determined
from Equation (11-34) in regions of low and moderate

seismic risk. When the wall height-to-length ratio h,, /4,
< 0.5, the amount of vertical reinforcement is equal to
the amount of horizontal reinforcement. When h,, /¢,, >

2.5, the minimum amount of vertical reinforcement in
Table 12 is required.
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Maximum spacing of horizontal and vertical bars is March-April 2000, Vol. 97, No. 2, pp. 345-352,

given in Sections 11.10.9.3 and 11.10.9.5, respectively. American Concrete Institute, Farmington Hills,
Michigan.

Conclusion

The design aids presented in this paper, which are based
on the provisions of ACI 318-99, can ‘be used to
significantly decrease design and detailing time required
for beams, one-way slabs, two-way slabs, columns, and
walls. The PCA Web site contains design examples
illustrating the use of the timesaving design methods
presented here (www.portcement.org/buildings).
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