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FOREWORD

The three volumes of the ACI Design Handbook are in-
tended for use by persons having a general familiarity with
the strength design method and with ‘‘Building Code Re-
quirements for Reinforced Concrete (ACI 318-89).”

This volume, Volume 1, presents information for the
engineering design and analysis of beams, slabs (one-way
action), brackets, footings, and pile caps.

SECTIONS

Information is presented in four mair sections: Design
Procedures, Design Examples, Design Aids, and Commen-
tary on Design Aids.

Design Procedures (white pages) indicate the order in
which the various design considerations should be exam-
ined.

Design Examples (white pages) illustrate the use of the
Design Aids (but are not intended to show how to design a
structure).

Design Aids (buff pages) are tables and graphs intended
to save the designer the effort of repeatedly performing
routine calculations. All Design Aids apply to concrete hav-
ing f. equal to 3 and 4 ksi used with Grade 60 steel rein-
forcement. Many Design Aids also apply to f of 5 and 6 ksi
and Grades 40 and 50 steel reinforcement. A note at the
bottom of each Design Aid tells which Design Example
illustrates the use of the table or graph.

Commentary on Design Aids (gray pages) gives the basis -

for the Design Aids.

For judicious application and optimum efficiency, users
of this handbook should first acquaint themselves with the
Commentary. Subsequent application of the Design Proce-
dures in conjunction with the information obtained from the
Design Aids should lead to problem solutions. Design Ex-
amples will help verify procedures and results. It is not,
however, the objective of the handbook to teach the novice
how to design in reinforced concrete. Readers are expected
to be competent in design before attempting to use this
handbook.

UPDATING TO ACI 318-89

This fifth edition of Volume 1 updates the Design Aids
and their Commentary, Design Procedures, and Design Ex-
amples to conform to ACI 318-89, and differs from the
fourth edition in these ways:

1. Flexure—No major changes have been made in this
edition. FLEXURE 8.3.1 has been replotted to improve its
graphical accuracy.

2. Shear—The simplified provisions for development
of web reinforcement (Section 12.13, ACI 318-89) have
been incorporated into SHEAR 6, replacing SHEAR 6.1

and 6.2 of the fourth edition. Also, Design Procedure 2 and
8 and FLOW CHART le have been revised to reflect the
changes in Section 12.13 of ACI 318-89. The Design Aids,
SHEAR 8.1 and 8.2 have been revised to reflect new

two-way shear requirements for slabs and footings in

Section 11.12.2 of ACI 318-89. The Commentary on
SHEAR 6, SHEAR 8.1, and' SHEAR 8.2 have been
revised accordingly.

3. Reinforcement—This section of the fourth edition has
been revised to reflect the major revisions in Chapter 12
(Development and Splices of Reinforcement) of ACI
318-89. REINFORCEMENT 17.1, 17.2, and 17.3 are new
and they replace REINFORCEMENT 17 series of the
fourth edition. Design Examples 6, 7, 8, 9, 10 are new and
Design Examples 8, 9, 10 in the fourth edition were
renumbered as Design Examples 11, 12, and 13. A new
flow chart, FLOW CHART 5 (Determination of Tension
Development Length), has been included to correlate with
the steps in the Design Examples.

4. Deflection—No major changes have been made in

this edition.

5. Footings—The Commentary on FOOTINGS 2.1 and
2.2 have been revised to reflect new two-way shear
requirements for slabs and footings (Section.11.12.2 of
ACI 318-89).

ACI COMMITTEE 340 AND ITS WORK

ACI Committee 340, Strength Design Handbook, was
organized in 1958 for the purpose of preparing a handbook
that would simplify the design of reinforced concrete

_ structural elements using the strength design method in

accordance with the ACI Building Code. The handbook
was prepared in two volumes: Volume 1 covering beams,
one-way-action slabs, footings, and other members except
columns; and Volume 2 treating columns only. Volume I
was issued in 1967; Volume 2 was ready first and

published in 1964. Both volumes were in accordance with

the 1963 version of the ACI Building Code.

In 1971 when ACI 318-71 was issued, Committee 340
was charged with revising the existing handbook material
to bring it into accordance with that code. The resulting
second edition of Volume 1, which incorporated some
material on columns; was issued in 1973 and a second,
corrected printing was published in 1974.

The August 1977 ACI JOURNAL carried ‘‘Step-by-Step
Design Procedures in Accordance with the Strength Design
Method of ACI 318-71,”" subsequently published as ACI
Committee Report 340.3R-77.

While ACI 318-77 was being prepared for publication in
the fall of 1977, Committee 340 was revising the handbook
volumes accordingly. The resulting new edition of Volume
2 on columns was published in May 1978. In late 1978, a
supplement to the Strength Design Handbook dealing with
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two-way-action slabs and entitled Slab Design in Accor-
dance with ACI 318-77 was published.

The third edition of Volume 1, published in 1981,
contained two Divisions: Division I dealt with beams,
one-way slabs, brackets, footings, and pile caps and incor-
porated the Step-by-Step Design Procedures—all material
being updated to ACI 318-77. Division II consisted of the
two-way slab design supplement.

The fourth edition of Volume 1 was pubhshed in 1984, It
was the revised edition of the third edition to conform to
ACI 318-83, including new flow charts for design of
members in flexure. Design of Two-Way Slabs was pub-
lished as a supplement to Volume 1 in 1985.

The volume at hand is the fifth edition of Volume 1. The
format for this edition is the same as the format of the fourth
edition. With this edition, Design of Two-Way Slabs
(Supplement to Volume 1) was made a separate volume,
Volume 3 of the ACI Design Handbook.

HANDBOOK USERS’ COMMENTS

ACI Committee 340 welcomes suggestions from users of
this handbook on how to make future printings more useful.
Comments should be directed to ACI Committee 340,
American Concrete Institute, P.O. Box 19150, Detroit,
Michigan 48219.
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" NOTATION

This notation section defines symbols used in this
volume covering beams, one-way slabs, brackets, foot-
ings, and pile caps, and their reinforcement.

Words in parentheses such as “(Flexure)” or “(Shear)”
indicate portions of this handbook in which symbol is
used.

a = depth of equivalent rectangular stress
block, in. (Flexure)
a, = maximum overhang beyond face of wall

or column to satisfy beam shear in a
one-way footing of given thickness, in.

(Footings)

a,. = depth of equivalent rectangular stress block
for balanced conditions, in. (Flexure)

a, = immediate deflection at midspan, in. (De-
flection)

a, = immediate deflection due to dead load, in.
(Deflection) s

a,,, = immediate deflection due to dead load and
live load, in. (Deflection)

a, = overhang of a footing beyond face of wall
or column, in. (Footings)

a, = immediate deflection due to live load, in.
(Deflection)

a = maximum overhang beyond face of wall

or column for a given thickness of unrein-
forced footing, in. (Footings)
a = ¢f.(1 — 0.59w) /12,000, ft-kip/in.,> a co-
efficient for computing reinforcement area
A, (Flexure)
a, =&f, (1 —d'/d)/12,000, ft-kip /in.,’ a coef-
ficient for computing reinforcement area
A’ (Flexure)
, [87,000 < d'/d )
A-d/d)1-
12,000 c/d

0.85 p (1 d’)] fukip/in.
— ! — — ) |, ft-kip/in.” a co-
12,000 ¢ d P

efficient for computing reinforcement area
A when compression reinforcement does
not yield (Flexure)

a, = &f, (1 — h,/2d) /12,000, ft-kip/in.,” a co-
efficient for evaluating flange effects on
moment in T-beams (Flexure)

A = any area, sq in. or sq ft

bt/ n = effective tension area of concrete

for crack control, sq in., per bar (Rein-

forcement)

A’ = b,t/n’ = effective tension area of concrete

xii

for crack control in case bundled bars are
used, sqin. per bar bundle (Reinforcement)

A4, = area of an individual bar, sq in. (Rein-
forcement)
A = area of concrete at cross section consid-

ered, sq in. (Flexure)
= area of column, sq in. (Footings)
A = minimum area of tension reinforcement 4,
' to keep neutral axis low enough for com-
pression reinforcement to reach yield strain
under factored load conditions, sq in.
(Flexure)
A, = area of footing; area of panel, sq ft (Foot-
ings)
= area of reinforcement in bracket or corbel
resisting factored moment [v,a + N, (h —
d)], sq in.

A, = area of a footing contributing to perimeter
shear (4, minus area within the perimeter
b,), sq ft (Footings)

A, = area of shear reinforcement paraliel to
flexural tension reinforcement, sq in.
(Shear)

4, = area of tension reinforcement to resist
force N, on brackets, sq in. (Shear)

A, = area of nonprestressed tension rein-
forcement, sq in. (Flexure), (Shear)

A/ = area of compression reinforcement, sq in.
(Flexure)

A, = area of equally distributed reinforcement

in short direction for two-way rectangular
footings, sq in. (Footings)
A, = area of tension reinforcement in tension
zone required to counterbalance compres-
sive force in overhanging portions of
flanges in flanged section, sq in. (Flexure)
total area of longitudinal reinforcement in
a cross section, sq in.
area of tension reinforcement required to
counterbalance compressive force in web
or stem of flanged sections, or in concrete
alone in beams reinforced in compression,
sq in. (Flexure)
= area of larger bars in a bundle, sq in.
(Reinforcement)
= area of tension reinforcement required
under factored load conditions for a rec-
tangular beam with tension reinforcement
only (Flexure)

N
]

L
Il

s1
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= area of smaller bars in a bundle, sq in.
(Reinforcement)

= area of tension reinforcement required
under factored load conditions to coun-
terbalance compressive force contributed
by compressive reinforcement, sq in.
(Elexure)

= maximum area of tension reinforcement
at which depth of stress block a will be
equal to or smaller than flange thickness
h, (Flexure)

= area of one leg of a closed stirrup resisting
torsion, within a distance s, sq in. (Shear)

= total cross-sectional area of transverse rein-
forcement (stirrup or tie) within a spacing s
and perpendicular to plane of bars being
spliced or developed, in.2

= total area of web reinforcement in tension
within a distance s, measured in a direction
parallel to longitudinal reinforcement, sq
in. (Shear)

= area of shear friction reinforcement, sq in.

= width of compression face of member, in.
(Flexure)

= side of square footing, ft (Footings)

= smaller dimension or width of rectangular
footing or slab, ft (Footings)

= pier or column dimension perpendicular to
h, in. (Footings)

= perimeter of pseudo-critical section
(around concentrated loads or columns at
distance d/2) in slabs and footings, in.
(Footings)

= web width, in. (Flexure)

= distance from extreme compression fiber
to neutral axis, in. (Flexure)

= size of rectangular or equivalent rectangular
column, capital, or bracket measured in the
direction of the span for which moments are
being determined, in.

= size of rectangular or equivalent rectangular
column, capital, or bracket measured trans-
verse to the direction of the span for which
moments are being determined

= compression force, kips (Flexure)

= compression force in concrete, kips (Flex-
ure) .

= compression force in reinforcement, kips
(Flexure)

= distance from extreme compression fiber

" to centroid of tension reinforcement, in.
(Flexure)

= distance from extreme compression fiber
to centroid of compression reinforcement,
in. (Flexure)

= nominal diameter of bar, in. (Rein-
forcement)

d,, = equivalent diameter for a bundle of bars,
in. (Reinforcement)

d,,, d,, = diameters of bars in bundles with two
different sizes, in. (Reinforcement)

d = distance from extreme tensile surface to
center of closest tensile reinforcing bar,
in. (Reinforcement)

d’ = distance from extreme tensile fiber to cen-
ter of gravity of closest bundle or layer
of bundles, in. (Reinforcement)

d = diameter of pile at footing base (Footings)

d = nominal diameter of stirrups, in. (Shear)

= distance from extreme tension fiber to
centroid of tension reinforcement = ¢/2,
in. (Reinforcement)

D = dead loads, or their related internal mo-
ments and forces

e = eccentricity of axial load at end of beam,
measured from centerline of beam, in.
(Flexure)

e = eccentricity of axialload at end of member,

measured from the centroid of the tension
reinforcement, calculated by conventional
methods of frame analysis, in. (Flexure)

E, = modulus of elasticity of concrete, =
0.033w" V£, ksi

E_ = modulus of elasticity of steel reinforcement
(= 29,000 ksi) (Flexure)

EI = flexural stiffness of cross section for frame

analysis, k-sq in. (Flexure)

= flexural stiffness of compression member,
k-sq in. (Flexure)

= specified compressive strength of con-
crete, psi

= average splitting tensile strength of light-
weight aggregate concrete, psi (Shear)

o

ct

S, = 7.5V f.', modulus of rupture of concrete,
psi
A = calculated tension stress in reinforcement

at service loads, ksi (Reinforcement)
= calculated stress in reinforcement in com-
pression, = E ¢’ < f,, psi (Flexure)

S = tensile stress in extreme fiber of a footing,
psi
5 = specified yield strength of nonprestressed
reinforcement, psi (Flexure)
bd®
F = a flexural coefficient =
12,000
or oM, /K (Flexure)
h = overall thickness of section or thickness
of member (beam, one-way slab)
h, = pier or column dimension parallel to in-
vestigated direction, in. (Footings)
h, = flange thickness, in. (Flexure, Deflection)
= footing thickness, in. (Footings)
I = moment of inertia of a section resisting
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externally applied factored loads, in.*
(Shear)
= moment of inertia of a rectangular section
1 in. wide, in.* (Deflection)
‘= moment of inertia of cracked section trans-
formed to concrete, in.* (Deflection)
= effective moment of inertia for computing
deflections, in.* (Deflection)
= moment of inertia of gross concrete section
about the centroidal axis, neglecting rein-
forcement, in.* (Deflection)
= gross moment of inertia of T-section, in.*
(Deflection)
= (d — 0.5 h,)/d, ratio of lever arm between
flanges centroid and centroid of tension
reinforcement to effective depth 4 of a
section (Flexure)
= (d — 0.5 a)/d, ratio of lever arm between
centroids of compression rectangular stress
block and tension reinforcement to effec-
tive depth d of a rectangular section (Flex-
ure)
= moment coefficient for flexural members
(Flexure)
= 1728/>/48E_ = coefficient for immediate
deflection of beams (Deflection)
=a,b/3,w = coefficient for approximate
immediate deflection (Deflection)
coefficient relating moment at midspan to
deflection at midspan (Deflection)
f K’ - .
= - — x —, coefficient for computing
12,000 6
cracking moment, kip-ft/in. (Deflection)

= section modulus coefficient for computing
cracking moment of T-section (Deflection)

=2.53Vq,/V f.!, coefficient for depth re-

quired for plain footings (Footings)

= I /bd’ = coefficient for moment of inertia -

of cracked rectangular sections with ten-
sion reinforcement only (Deflection)

= I, /bd®> = coefficient for moment of inertia
of cracked rectangular sections with com-
pression reinforcement, or T-beams (De-
flection)

= 1,/1,, coefficient for effective moment of
inertia (Deflection)

=1I,/(b,h’/12), coefficient for gross mo-

ment of inertia of T-beams (Deflection)

= 12,000 oM, /bd> = &f w(l — 0.59w),
strength coefficient of resistance, psi
(Flexure)

0.85/. (i——l>, coefficient  for
12,000

b

computing reinforcement area A, psi
(Flexure)

w

K

tr

K,

11 and 12

_ (b, - 3.5)(h - 3.5)
B 12

design of torsion reinforcement (Shear)

= p,s divided by the reinforcement ratio for
shear friction reinforcement perpendicular
to shear plane (Shear)

= A, f,, shear coefficient for stirrups (Shear)

= coefficient for footing depth based on one-
way shear (Footings)

=¢[65-51V N, /V, 1[I+ (64
+ 160 V. (N,./V.)’p]0.5 (Shear)
= 2.0 — a/d (Shear)

= 4/<2 +i) = 1/(0.5 + L), a coeffi-
BL‘ BC

cient to correct perimeter shear strength
for footings from that computed using
4\/f_c’ to the appropriate lower strength
when B, exceeds 2 (Footings) '

= span length, ft or in. (Reinforcement,
Shear)

= long side of a rectangular footing, ft (Foot-
ings)

= embedment length at support or at point
of inflection, in. (Reinforcement)

= development length, in. (Reinforcement)

= usable (available) anchorage length, in.
(Reinforcement)

= basic development length of straight bars,
in., as specified in Sections 12.2.2 and 12.3.2
of ACI 318-89 (Reinforcement)

= development length of hooked bars, to ex-
terior face of bar at the bend (see diagram
on REINFORCEMENT 19), in. (Reinforce-
ment) _

= basic development length of standard hook
in tension, in. (Reinforcement)

= clear span measured face-to-face of supports

(Reinforcement) :

length of shearhead arm from centroid o

concentrated load or reaction, in. (Shear)

= minimum spans required for bar develop-
ment depending on type of span and support
and percentage of bars extended into the
support, ft and in. (Reinforcement)

= overhang of longitudinal wires past last

transverse wire of wire fabric, in. (Rein-

forcement)

live loads, or their related internal moments

and forces

o, a coefficient for

Il

= maximum moment in member at stage for

which deflection is being computed, in.-1b

moment at center of beam or a moment

value related to the deflection, kip-ft (De-
flection)

= cracking moment of gross concrete section

= ILf./y,, in.-lb (Deflection)
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= moment due to dead load, kip-ft (Deflec-
tion)

= moment due to dead load and live load,
kip-ft (Deflection)

= moment due to live load, kip-ft (Deflection)

= moment at point of zero shear (Shear)

= moment at left support, for deflection,
kip-ft (Deflection)

= moment at right support, for deflection,
kip-ft (Deflection)

= nominal moment strength at section, kip-ft
(Flexure)

= nominal moment strength of a cross section
before compression reinforcement and
extra tension reinforcement are added =
M, — M,,, kip-ft (Flexure)

= that portion of M, assigned to compression
reinforcement or flange regions of I and
T-sections, kip-ft (Flexure)

= nominal moment strength of a section with
tension and compression reinforcement,
kip-ft (Flexure)

= nominal moment strength of overhanging
flanges of T-beam, kip-ft (Flexure)

= nominal moment strength of a rectangular
beam (or web of a T-beam) when reinforced
for tension only, kip-ft (Flexure)

= total factored static moment (Flexure)

= applied factored moment at a section, kip-
ft (Flexure)

= factored moment acting on a cross section
if axial force N, is considered to act at
centroid of tension reinforcement, kip-ft
(Flexure)

= modular ratio = E_/E, (Deflection)

= equivalent number of bars =
tensile reinforcement area

,for crack con-
largest bar area

trol (Reinforcement)

= number of longitudinal torsion bars (Shear)

= number of bar diameters between center
and perimeter of bend (Reinforcement)

= number of bars in flexural tension rein-
forcement (Reinforcement)

= equivalent number of bar bundles =
projected surface of bundle

(Reinforce-
actual surface of bundle

ment)

= number of bars in a layer being spliced or
developed at a critical section

= compressive force on reinforcement in a
cross section, kips (Flexure)

= factored axial load normal to cross section
occurring simultaneously with ¥,—to be
taken as positive for compression, negative
for tension, and to include effects of ten-
sion due to shrinkage and creep, kips
(Shear)

N,. = factored tensile force on bracket or corbel
acting simultaneously with V,, kips (Shear)

P = service concentrated load on beam, kips
(Deflection)

P, = nominal axialload strength (balanced strain
conditions), kips (Flexure)

P, = nominal axial load strength at given ec-
centricity, kips (Flexure)

P, = factored axial load at given eccentricity,
kips (Flexure)

q. = N, /A, ksf (Footings)

r = radius of gyration of cross section of com-
pressive member

) = center-to-center spacing of bars, in.

= center-to-center spacing of web rein-
forcement, in. (Shear)

Sy = clear spacing between bars, or bundles of
bars, in. (Reinforcement)
s, = required stirrup distance, ft (Shear)
s, §, = center-to-center spacing of reinforcement
_ in either direction 1>’ or ““2’’ (Shear)
t = thickness of tension area for crack control,
in. (Reinforcement)
T = tension force on reinforcement, kips (Flex-
ure)

= total tension force acting on a cross section,
kips (Flexure)

T, = nominal torsional moment strength provid-
ed by torsion reinforcement (Rein-
forcement)

T, = factored torsional moment at section, in.-Ib
(Shear)

v, = (V,/b,,d), nominal shear stress carried by
concrete, psi (Shear)

Ve = shear stress at diagonal cracking due to

all factored loads, when such cracking is
result of excessive principal tensile stresses

in web, psi

v, = V,/(b,d), nominal shear stress, psi
(Shear)

v, = V_/(b,d), nominal shear stress carried by
shear reinforcement, psi (Shear)

V., = nominal shear strength attributable to con-
crete, kips (Shear)

vV, = nominal shear strength attributable to shear
reinforcement, kips (Shear)

v, = nominal shear strength at a section, kips
(Shear)

v, = factored shear force, kips (Shear)

w = crack width, in. (Reinforcement)

w, = unit weight of concrete, pcf

w, = uniformly distributed factored dead load,
kips per ft, or kips per sq in.

W, = uniformly distributed factored live load,
kips per ft, or kips per sq in.

w, = factored load per unit length of beam
(Flexure)

X = variable distance
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= shorter overall dimension of a rectangular d = c¢oefficient depending on type of span and

part of a cross section, in. (Shear) (delta) degree of reinforcement (Deflection)
Xy = minimum clear spacing between bundled A(dv,) = difference in ¢v,. for sand-lightweight and
bars, in. (Reinforcement) (Delta) all-lightweight concrete of identical strength,
X, = distance from extreme tensile fiber to neu- /s psi (Shear) ‘
tral axis, in. (Deflection) € = unit strain, in./in. (Flexure)
X, = shorter center-to-center dimension of a (epsilon)
closed rectangular stirrup, in. (Shear) €, = unit strain in concrete
y = variable distance € = unit strain in tension reinforcement (Flex-
= longer overall dimension of a rectangular ure)
part of a cross section, in. (Shear) €, = ynit strain in compression reinforcement ‘
= centroidal distance from bottom of bundle (Flexure)
for a group of bundled bars, in. (Rein- € = £,/E,, nominal yield strain of reinforcement
forcement) (Flexure)
Ve = distance from centroidal axis of gross sec- A = g factor used in shear values: = 1.0 for nor-
tion, neglecting reinforcement, to extreme (lambda) mal weight concrete, = £2/6.7%.' for light-

fiber in tension, in. weight concrete (Shear)
Vi = longer center-to-center dimension of a = ratio of ¢M, with compression reinforce-
closed rectangular stirrup, in. (Shear) ment to $M,, without compression reinforce-

z = quantity limiting distribution of flexural ment (Flexure)
reinforcement (Reinforcement) = multiplier for .additional long-time deflec-

tion = ratio of creep and shrinkage deflec-

a = angle between shear reinforcement and lon- tion to immediate deflection due to sus-

(alpha) gitudinal axis of member, degrees (Shear) tained loads (Deflection) :

o, = b/b,, (Deflection) A = a coefficient relating development length to

o, = constant used to compute V, in nonprestressed minimum required span length
slabs - ld - la R inf 0

o, = [0.66 + 0.33(y;/x,)] = 1.50 (Shear) = elnforeement)

B = ratio of distance between extreme tensile fi- W = coefficient of friction (Shear)

(beta) ber and neutral axis to distance between (mu) . ‘
neutral axis and centroid of tensile rein- £ . = time-dependent factor for sustained load
forcement, x,/x. (Reinforcement) (xi) (Deflection)

B. = design coefficient for deflections = p = tension reinforcement ratio = A,/bd (Flex-
mp' [np; = (n— 1)p'/np; = (b/b,, — 1) (rho) ure)
h,/dnp (Deflection) p' = compression reinforcement ratio = A,'/bd

= ratio of long side to short side of concen- (Flexure), (Deflection)
trated load or reaction area (Shear, Foot- Py = reinforcement ratio producing balanced con-
ings) ditions (Flexure)

Ba = ratio of maximum factored axial dead load to Pre = balanced percentage of reinforcement for a
maximum total factored axial load, where the section with compression reinforcement
load is due to gravity effects only in the (Flexure)
calculation of P, in Eq. (10-7), or ratio of or = Ay/b,d (Flexure)
the maximum factored sustained lateral load to Py = reinforcement ratio for shear friction rein-
the maximum total factored lateral load in that forcement (Shear) ‘
story in the calculation of P_ in Eq. (10-8) Py = A,/b,a _

B, = ratio between long side and short side of = ¢ = strength reduction factor
rectangular footings (Footings) (phi) = 0.70 for axial compression, with or without

B = h,/h (Deflection) flexure, in reinforced members other than

B. = ratio of ¢ to d (Flexure) those with spiral reinforcement [see ACI 318-

B, = sin o + cos « for inclined stirrups (Shear) 89 Section 9.3.2.2] ‘

B, = a coefficient relating depth of equivalent = (.85 for shear and torsion
rectangular stress block to depth from = (.90 for flexure in reinforced concrete, with
compression face to neutral axis = 0.85 or without axial tension, and for axial ten-
for f.' =< 4.0 ksi and 0.85 — 0.05(f, — sion
4.0) for £’ > 4.0 ksi, (B, = 0.65) (Flexure) ® = pof,/f." (Flexure)

Yp = moment at point of zero shear to simple span (omega) ‘

(gamma) maximum moment (Shear)
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FLOW CHARTS FOR DESIGN OF MEMBERS IN FLEXURE

This edition of the Design Handbook contains flow charts illustrating the logic sequences that were employed
for the Design Procedures for design of members in flexure.

Flow Charts 1 illustrate the logic for Design Procedure 1 and Design Procedure 2 applied to the design of
rectangular beams for both flexure and for shear requirements. '

Flow Charts 2 illustrate logic for Design Procedure 3 and Design Procedure 4 applied to one-way slabs.

Flow Chart 3 illustrates the logic of Design Procedure 5 applied to beams that have depth restrictions.

Flow Chart 4 illustrates the logic of Design Procedure 6 applied to flanged cross sections for which the flanged
portion is in compression due to flexure.

FLOW CHART FOR DETERMINATION OF | ‘
TENSION DEVELOPMENT LENGTHS

Flow Chart 5 illustrates application of provisions in ACI 318-89 Section 12.2 for development of deformed bars and
deformed wire in tension, which replaced provisions previously set forth in earlier versions of ACI 318,
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FLOW CHART 1 — BEAM DESIGN WITH NO CONSTRUCTION DEPTH RESTRICTIONS F
Reference: Design Procedure 1. L
o
® a
; Explanations or Comments
Given: c
oM, (ftkips), Vs (kips), - ,
f. (psi), £, (psi) G.|ven. oM, Vo, 1o 1, H
Find: bxh, A, .
A
v R
‘ Use Table 9.5(a) . T
of ACI 318-89 to h = ¢/(coefficient from Table 9.5(a) of ACI 318-89)
check req'd Ay, 1
i When the beam is attached to or supporting nonstruc-
tural elements likely to be damaged by large deflec-
. select beam tion, or when h < ., check deflection,
size b x h For average conditions and preliminary purposes the
: approximate method (see under Deflection) will fur-
nish fast results of sufficient accuracy.
DEFLECTION 7 For limitations of deflection, see Table 9.5(b) in ACI
318-89. .
® from Flow
Charts 1a, 1b, -——'ﬂ
and 1d
v
Find d
Usually d = h — (2', to 3 in.)

see FLOW CHART 1ia

see FLOW CHART 1b

Flb'f;)&]gﬁ - see FLOW CHART 1c

BAR SELECTION
& see FLOW CHART 1id
CRACK CONTROL,

see FLOW CHART f1e
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F FLOW CHART 1a — FLEXURAL CHECK FOR BEAM DESIGN WITH NO

L CONSTRUCTION DEPTH RESTRICTIONS

‘?v Reference: Design Procedure 1

C

H

A Explanations or Explanations or

R Comments Ffd‘é’gf‘L Comments

T USING TABLES USING GRAPHS

. / \
_ b PP ' A ied
~ 12,000 obM, = &M, g Q:";gt i:.nl\flviéz tt?:;niame

FLEXURE 6 v

& Select graph for
given f; and f,
dJMﬂ

F FLEXURE 8.1.2, 8.2.2,
... 10892

Calculate K, =

v

Select table for
given f; and £,

an acceptable value
Absolute K, .. is value of K, corresponds to
above lower solid line 200

o

=p=075p,

FLEXURE 2.1 to 2.4

Kn < Kn max
(for 0.75 p,)

10dM, (for selected d)
< 10¢Mn (for 0.75 pb)

YES YES .
Increase beam OR use compressive steel
size (see FLOW CHART 3)
®

on FLOW CHART 1

RETURN
to Flow Chart 1,
SHEAR CHECK
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FLOW CHART 1b—SHEAR CHECK FOR BEAM DESIGN WITH NO F
CONSTRUCTION DEPTH RESTRICTIONS L
Reference: Design Procedure 1 0
@ v
C
H
 Explanations or Comments A
R
| T
1b
V. = &(2VF)b,d
6 o@vh Determine factored shear V, at critical section. Com-
pute shear strength ¢ V..
‘ SHEAR 1
Compute 6V, = V, — bV, Check w_hether beam_ size is large enough even when
shear reinforcement is used.
Compute preferred Code permits ¢V, as high as &(8V/T;)bd if supple-
bV, = b4\ 1) bd mentary spacing limits are observed.
YES
‘ bV, < Max oV
NO
0 —
N &V, < &8V f)bd
Compute trial value Reduce
spacing
bd = —— !
wovT by
new beam size
®
on Flow Chart 1
) RETURN
to Flow Chart 1
FLEXURAL DESIGN
Documents
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FLOW CHART 1c — FLEXURAL DESIGN FOR BEAM DESIGN WITH NO
CONSTRUCTION DEPTH RESTRICTIONS

FLEXURAL
DESIGN

Select graph for given £, and £,
From ,dM, and d read A,

F

L

0]

w

Explanations or

c Comments

H

A

R

T K, from FLOW CHART 1a
ic

As < As min ?

USING TABLES

Reference: Design Procedure 1

USING GRAPHS

Select table for given f; and §,.
From f, and K, read a, or p

FLEXURE 2.1 to 2.4

FLEXURE 8.1.2, 822 . . .

or

A, = pbd

p below the
light rule

-FLEXURE 21

to 2.4

to 8.9.2
Calculate A _ M
alculate A; = a.d A, = Ao X

p above

200
line for —
fy

FLEXURE 8.1.2, 8.2.2,
VES N\ - - 10892

NO to FLOW CHART 1 NO

BAR SELECTION &
CRACK CONTROL

A, = 1.33 A,

YES

to Flow Chart 1
BAR SELECTION &
CRACK CONTROL

NO

Explanations or

Comments
10OM,-from FLOW CHART .
1a
As < AS min '7
200
Pm = —— IS

b

minimum reinforcement
requirement
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FLOW CHART 1d — BAR SELECTION AND CRACK CONTROL FOR BEAM F
DESIGN WITH NO CONSTRUCTION DEPTH RESTRICTIONS L
ReferencegtDesign Procedures 1 and 4 0
o . v
BAR SELECTION Explanations or Comments
& C
CRACK CONTROL H
& Select table for the specified f;, and f,. Decide on por- A
tion of through-bars to be used and enter table with R
‘ Find maximum bar diameter for appropriate type of span and restraint; proceed to .
applicable type and length of span nearest smaller span and read maximum permissible T
bar diameter from table.
’ See also Step 2.1 of Design Procedure 4. 1d
REINFORCEMENT 19 Select bar size and determine number of bars to sat-
+ - isfy required A,
’ Select bar size and determine ' Minimum required concrete protection:
number of bars to satisfy required A, For stirrups: 11/, in.
For #6-#18 longitudinal bars exposed to earth or
REINFORCEMENT 1 & 2 weather: 2 in.
METHOD |
METHOD H j
. . Minimum bar spacing:
Check bar spacing Clear distance between bars: not less than d, nor
and find b, 1.
Clear distance between layers: 1 in. If more than one
REINFORCEMENT 9 & 10 layer is required, check for reduction in effective depth;
enlarge beam size if necessary.
the feasibility of
placing bars in bundles For properties of various combinations, see REIN-
or multiple layers FORCEMENT 3. For spacing check minimum re-
REINFORCEMENT quired web width.
3&12
NO
. Check bar arrangement for Check _wheth_er provided effective tension area A <
crack control and find b Anax Qiven in table or graph, or calculate z =
max L | FYdA, or use REINFORCEMENT 14 to see whether
provided b is between minimum b required for
REINFORCEMENT 8, 11 & 13 placement and maximum b permitted for crack control.
| 5
Increase NO YES
beam size
® . ®
On Flow Chart 1
A,
Documents
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Check for bar spacing
and crack control
simultaneously

REINFORCEMENT 14

F FLOW CHART 1d — CON'T

L

o

w

C

H

A

R

T

1d
Increase
beam size

®

on Flow Chart 1

RETURN
to Flow Chart 1
SHEAR DESIGN

Eull document details: ACI 340.1R-91

b = by, for bar spacing

b = b, for crack control
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FLOW CHART 1e - SHEAR DESIGN FOR BEAM DESIGN WITH NO F
CONSTRUCTION DEPTH RESTRICTIONS L
References: Design Procedure 1 and 2 ‘?v
Explanations or Comments Cc
H
A
® T
Compute the factored load T
& corresponding V, shear envelope 1e
_+ T ¢V, may be obtained as follows:
dve = 2VF) Using Af% enter SHEAR 1 to find v
or Vd Or, using M and p,V,d/M,, enter SHEAR 1 to find
b, = ¢(1 VT + 2500 p,, — ) b,
M, pw = As/bd for beams
SHEAR 1 and 2 = A,/b,d for joists
an Or, for lightweight conctete, using f; and f,, find $v,.
¢vc = ¢vcbwd
RETURN No shear
to FLOW reinforcement
CHART 1 needed
STOP
NO V, <
[dV. + &(50b,4d))
METHOD | r * METHOD I
Given shear reinforcement Maximum spaging to satisfy
spacing shear reinforcement requirement
- Al s= A, It is recommended that the predomjnant portion of the
. ~ 50s ~ 50b, beam length have stirrup spacing of d/ 2 or less.
SHEAR 4.1 SHEAR 4.2
RETURN TO
. Flow Chart 1 Stirrup spacing at critical section
STOP
o
Documents
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F FLOW CHART 1e — CON'T

L

0]

w

C

H

A —Required bV, = V, — ¢V,
R

T

1e

METHOD |

v

Equally spaced
METHOD I stirrups

SHEAR 5.1 or 5.2

—X

Sequentially spaced stirrups
(for vertical or inclined stirrups
or bent-up bars)

SHEAR 3 or 7

Verify that maximum spacing is
not exceeded L____

SHEAR 4.1

v

Verify that stirrup
anchorage is adequate

SHEAR 6

v

RETURN to
Flow Chart 1
STOP

10

Coll da~yaant daotaile. AC1 240 1D_01

Method |

Enter SHEAR 5.1 or 5.2 with maximum ¢V, where ¢V
=V, — ¢V, at critical section. Use beam effective
depth d, and find stirrup spacing.

Note 1: When ¢V, lies to right of heavy line, it means
that minimum stirrups_are required.

Note 2: Maximum &V, may not exceed $(8VT)b,d,
which for the simplified method is 44V, When Max
$V, is too high, the beam size must be increased.

Locate point where spacing may be increased
Select various desired spacings, find corresponding
bV, values, then compute or scale the locations at
which spacings can be increased.

Method I

Vs
B.K.d

Compute

B, = 1 for vertical stirrups
K, = 51,000 A, for Grade 60
"= 34,000 A, for Grade 40

Compute length £, from critical section to point where
V., = 0.5¢V,. Determine number of stirrups and spac-
ing from SHEAR 3.

Enter with effective depth d, £, and stirrup size. Find
maximum b, or b. If beam is wider, maximum s must
be reduced as given.

For #6, #7, or #8 stirrups with £, greater than 40,000
psi, enter with f;, f,, and stirrup size. Read minimum
beam height h required and compare with h deter-
mined on basis of covet, reinforcement sizes, and
given effective depth d. If beam h is insufficient, try
smaller bar diameter and closer spacing for stirrups.

Documents
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FLOW CHART 2 — DESIGN OF ONE-WAY SLABS F
Reference: Design Procedure 3 L
o
® "
C
. H
Explanations or Comments A
Given:
M, = reqd ,.6M, (ftkips/12 in.), R
® . osi), f (s T
} Assume h for design. If less than table limit, deflection 2
: will have to be checked whether or not member
supports or is attached to nonstructural elements likely
Use Table 9.5(a) of ACI 318-89 to be damaged by large defiection.
as a guide to check For limitations for deflections see ACI 318-89 Table
‘ required Ay, 9.5(b). )
For average conditions and preliminary purposes the
approximate method (see under Deflection} will fur-
nish fast results of sufficient accuracy.
Assume d.
Usually d = h — (1 to 11 in.).
FLEXURAL :
‘ DESIGN , see FLOW CHART 2a
Check for shear is same as for beam with no con-
struction depth restrictions (FLOW CHART 1b). Max
V, at d from face of support is determined for 12 in.
wide strip; that is, b, = 12 in.
CHECK FOR Shear check of slabs is usually unnecessary except
SHEAR for heavily loaded short spans.
. Check:
oV, = V, at d from face of support, where for the
simplified procedure
dVe = d(2V)b.d
. BAR SELECTION
AND CHECK FOR see FLOW CHART 2b
CRACK CONTROL
Documents
11
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F FLOW CHART 2a — FLEXURAL DESIGN FOR ONE-WAY SLABS
('5 Reference: Design Procedure 3
w :
Explanations or Explanations or .
c Comments FLEXURAL Comments
DESIGN
H
A .
R .
T BY GENERAL . ‘
BY SLAB TABLES FLEXURAL BY GRAPHS
2a TABLES :
Read p for d Determine 12dM, = design strength
Use smallest p (for se- d ,bM, o ) ;
lected d) given in table. and b ] oM, for 12 in. wide strip

FLEXURE 7.1t0 7.3 ‘ ‘

Enter graph with oM, Use A, above
Are and d, and read lower limit for
flexural requirements A (for 12 in. wide strip) slabs as indicated
o
VES satisfied? NO FLEXURE 8.1.1, 8.2.1, . . .
{0 8.9.1
4
Compute
F = Eji ‘,._
revise h 7 1000
for b = 12 in.
oM,
K,, — 12! n
F12
FLEXURE 2.1 t0 2.4
Ayz = pbd NO | Revise
b=12in. v h
YES Use p > Pmin
Enter table with K, and where pu, = 0.0020 for 40 ‘
read a, or p and 50 Grade
= (.0018 for 60
FLEXURE 2.1 to 2.4 Grade
‘ Note that p, = A./bh.
oM, '
Determine A, = 2 ‘
da, g
{for 12 in. wide strip)
RETURN

to Flow Chart 2
CHECK FOR SHEAR

Documents
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FLOW CHART 2b — BAR SELECTION AND CRACK CONTROL FOR ONE-WAY
SLABS

Reference: Design Procedure 3

Explanations or Comments

BAR SELECTION
& CHECK FOR
CRACK CONTROL

-“-JIPITO SO0rmm

N
o

Maximum permissible bar diameter:

Find maximurm permissible bar diameter for type of

support and length of span. Select table for given f; and

f. Decide on portion of through-bars to be used and
enter table with appropriate type of span and restraint.

‘ Proceed to nearest smaller span and read maximum per-

missible bar diameter which may be used

REINFORCEMENT 19.1 & 19.2

v

Bar spacing:
Select bar size and spacing to satisfy A, and Mini . .
. S S . inimum clear spacing: d, or 1 in.
- —4 spacing limitations established by the code. Maximum ¢ enterPto- ce?nterbspacing: 3hor 18 in

REINFORCEMENT 16

Alternative method:
|

‘ Check crack control. Determine Evaluate z = f, \Vd,A. For this equation, f, may b
rmaximum spacing. assumed to be 0.6f,. )

A = 2d,s, where s = center-to-center spacing of bars

2 < 175 kips/in. for interior exposure

z < 145 Kips/in. for exterior exposure

REINFORCEMENT 16

Is
this maximum spacing
larger than the
one selected from
the previous
step?

RETURN
to Flow Chart 2
STOP
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FLOW CHART 3 - BEAM DESIGN WITH CONSTRUCTION DEPTH RESTRICTIONS
Reference: Design Procedure 5

©w 4JP>PIO =Orm

Given: Explanations or Comments
M, = required oM, (ft-kips),

V. (kips), f; (psi), %, (psi),
beam size & x h (in.},

h to be maintained _ . .

Assume d
Usually d = h — (2'/; to 3 In.)

FLEXURE
CHECK

See FLOW CHART 3a

Same as for beam with no construction depth restric-
tions (FLOW CHART 1b) ‘

See FLOW CHART 3b

FLEXURAL
DESIGN

BAR SELECTION
&
CRACK CONTROL

Same as for beam with no construction depth restric-
tions (FLOW CHART 1d). '

Compression steel must be enclosed by ties or stir-
rups.

Same as for beam with no construction depth restric-
tions (FLOW CHART 1e) ) .

SHEAR
DESIGN

1 Documents
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FLOW CHART 3a — FLEXURE CHECK FOR BEAM DESIGN WITH DEPTH

F
RESTRICTIONS L
Reference: Design Procedure 5 o
® "
C
H
A
R
[ T
Explanations or Comments 3a
FLEXURE
CHECK
USING TABLES ) USING GRAPHS
~ bd? Modify oM, t$0
12,000 10bM, = oM, '_E
FLEXURE &
v v
Calculate
oM, Select graph for
K, = T given f, and f,
FLEXURE 8.2
K > Kn max
for pmac TdM,(for selected d)
FLEXURE 2 >|och,,(for 0.75 pb)
YES YES
use
FLOW CHART No compressive teinforcement is required.
| *
RETURN
to Flow Chart 3, Compressive reinforcement is required.
’ SHEAR CHECK
Documents
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F FLOW CHART 3b — FLEXURAL DESIGN FOR BEAM DESIGN WITH
L DEPTH RESTRICTIONS
0 Reference: Design Procedure 5
w
C Explanations or Explanations or
Comments FLEXURAL Comments
H DESIGN
A USING TABLES USING GRAPHS
R
T
3b Beam or slab tables may be used.
Modity &M, to 1.dbM, or ,,0M,, depending on whether
the member is a beam or a slab. Check whether these
moments are above the maximum &M, the singly rein-
forced section can develop for the d and p..... Read A
for the maximum &M, that can be developed for d and
Pmax- Make this maximum oM, = oM,
FOr pmax = -
read K, and a, Moz = M, = &M,
FLEXURE 2 &
Find maximum &M, which } Calculate d'/d
the concrete can develop 3
in compression and the Moy = Ko F
tension reinforcement A, i N
to resist this moment.
} Enter the graph with
oM. &M,, and read A,
A, = ;‘ (shown as A on the graph)
an
O Agi = pmaxbd FLEXURE 6§
Find ¢$M,,, which is the I *
strength required that the
concrete cannot develop
and which must be devel- oM, = M, — oM., A, = Ay + A,

oped by compressive steel
and by additional tensile

steel. L +

Evaluate A, from formula
given at top of each graph

Calculate d'/d

+ FLEXURE 8
Enter table with d'/d
to read a,
NO If Ay = Ay, Yield stress is
reached in compression
FLEXURE 3 reinforcement
YES
The additional tensile re- A, = ‘LME
inforcement # and

16 Documents
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ACI

FLOW CHART 3b - CON'T

Determine A, the com-
pression steel.

If a, < &}, compression
steel has reached yield
stress and compressive
reinforcement can be
calculated approximately
(i.e., neglecting effect of
concrete displaced by
compression reinforce-
ment as the equation
shown here.

If a, > aj,, compression
steel has not reached
yield stress and A, must
be calculated for lower
stress

Full document details: ACI 340.1R-91

T

A; = Ay + A

v

340.1R 91 WM Okk2949 0021254 4 .

T T

As = A

From table, read ¢/d for p.

From table, read c¢/d for pmax

le-

FLEXURE 2

FLEXURE 2

v

v

Enter table with ¢/d and d'/d
and read a;,

Enter table with ¢/d and d'/d
and read aj,

FLEXURE 4 FLEXURE 4
M,
NO AL = dM,»
and
YES
G—
M,
A= A,y = e
r— a,d
py = Sz L—
and
FLEXURE 4

—

Check reinforcement ratio
e 0.85p'f,
Pmax = 0.75 p, + 97—

14 f}'
A A
p=22 o=

bd'® " ba

FLEXURE 10

v

RETURN
to Flow Chart 3
BAR SELECTION &
CRACK CONTROL

F
L
(o)
w
C
H
A
R
T
3b

If As = A,., compression

reinforcement does not

yield

Documents
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F FLOW CHART 4 — DESIGN OF FLANGED SECTIONS
L Reference: Design Procedure 6
0
w
Explanations or Given: required oM, = M, (ftkips), Explanations or
C Comments V, (kips), f, and £, (psi), Comments
H web size (b, X h)(in.),
A flange thickness h; (in.),
beam spacing ¢, (in.)
: 3
T b
b
4 Apply only for conditions where flange is in compres- T i ; >
sion. Evaluate effective flange width b according to U | l | l 5
code requirements; the smallest b governs % i s
b, I
FLEXURE 6
} b=1/4
=< b, + 16h;
= |
Check for flanged section Caloulate F = ? ?

action 12,000

v

Determine K, =

Enter table with K, and read c¢/d

d)Mn

FLEXURE 1

C o 2 Bc
mpute — = -
ompute G T Py

NO

alz
A
Qlo

YES

Beam acts as a rectangular beam and

design can proceed according to FLOW CHART 1 ex-
cept for shear design, bar placement, and crack control;
use b, instead of b’

Documents
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FLOW CHART 4 — CON'T F
L
o
Y w
{ USING TABLE  USING GRAPH |
. ' C
Enter table with b,/b Depending on which kind of Modify moment &M, to H
Flange section design. and read K, graph is used, 1wdM, or .6M, depending A
, _ b on the type of member and
FLEXURE 3 wbM, = oM, 10 use corresponding graph R
' + or (beam or slab). T
oM, = oM, b '
Enter table with h,/d 1 " 12 b = effective flange width. 4
and read a,; and j;
FLEXURE 3 +
. } Determine maximum moment strength
- that can be developed by
Determine Ay = Koy Jrbuhe compression in concrete flange
i an by evaluating Ay given
* at top of each graph
oM., is the moment
strength that can be de- Calculate M., = A, a, d FLEXURE 8
veloped by the compres- a2 = Mt Sal }
sion of the flange concrete & :
" Enter graph with A;; and
_ b.d ~dto find strength M,
12,000
- FLEXURE 8
FLEXURE 6
The remainder of the i : ‘
‘ strength (M, — &M,) has M, — &M,, is then the
to be developed by the K = M, - oM., Calculate M, — M, moment strength that has
rectangular web section " F to be developed by the
without or with compression . rectangular beam web b,.
teinforcement. !I j
Enter table with‘ K, and read a, or p Use Flow Chart Follow flexural design for
lc singly reinforced beams
FLEXURE 2
Mu - d)an
Agy = ——— or pb,d
a.d PP
' As = Asl + Asw
v v
If compression capacity of concrete section is insuffi-
cient, add compression and tension reinforcement as in
’ FLOW CHART 3b
BAR SELECTION, CRACK
CONTROL & SHEAR DESIGN
STOP
Documents
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SOrmm

TENSION DEVELOPMENT
LENGTH

v

Find basic tension development length, {4, -

REINFORCEMENT 17.1

1 JIPITO

)

ldentify bars in specific structural members

(%]

®

Longitudinal bars in
BEAM or COLUMN

clear bar spac

requireme

Min.

satisfying the

o

Clear
bar spac

Inner layer bars in
SLAB or WALL

zZ
(@]
r

©

Outer layer bars in SLAB
or WALL, and bars in
ANY OTHER MEMBERS

20
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transverse
reinforcement, and

satisfying the following

cover, &
transverse
reinforcement,

ing requirements?

(Cy) = 3d,7?

ing (C),

nts?

(to any one of 3
requirements)

follow-

ing

NO L(to anyone of 3 _I

requirements)
® ©

requirements)

FLOW CHART 5—Determination of Tension Development Length

References: Design Aids, Reinforcement 17.1 & Reinforcement 17.2

Explanations or Comments

Minimum cover satisfying
Section 7.7.1

YES

(toall 3
requirements)

Ties meeting Section 7.10.5 or
stirrups meeting Section 11.5.4 and 11.6.5.3
along development length

Minimum cover satisfying

Section 7.7.1 |
F, [®) Q) ’ '
(to both ‘,l L_ ds
requirements) n
40

=

C, = 3d,

dy

Outer layer of slab
or wall reinforcement

I 2

le— = 2d, .

= 2d,

i
(o] O
Cs = 3d, I L d
! ] o
|

YES
(toall 3

— Coy

Documents
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FLOW CHART 5—CON’T

?

NO
(to all 3 require-
ments)

YES (to any one of 3
requirements)

1.4 a =20
1.4 ldb "'ld =20 ldb

d, = 1.410 in.
(#11 BAR)
C, = 5d,, C,, = 2.5d,

(to any one of
requirements)

Special

confinement

ties and spirals?
ties

—=Vad
M~ spiral
ﬁL s=4
Faing e
or

stirrups

YES
(toall 3 requirements)

NO

o @
T
Qs

[oN =]

I

B
g

2IIL;

#4

YES (to either of two
cases)

g = 0751,

(to both cases)

4
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SOorm

V> IO

a

Continue checking
further conditions
for modifications
or stop here if it

is final.

Modifiers

basic modifiers
reduction modifiers
special conditions modifiers

(¢

B
¥

I

I

1 is a development
length in the preceding
step. Iyis a

new modified
development length.

Documents
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FLOW CHART 5—CON’T

?

Check min. development length
ly=0.034d,f,/VFf,
where Vf/ < 100 psi

REINFORCEMENT 17.2

Top
reinforcement?

Lightweight
concrete?

This min. development length check
shall be made for all final development
length determination.

Continue further condition check
or stop here if it is final.

y=13o0ry = (6.7 VF/f) = 1.0
'-'ld = ’Ylé

Epoxy
coated reinforcement?

*)
The product of the

vy = 1.5% when C,, < 3d, or C, < 6d,

or

v = 1.2for all other conditions

Sy =yl

factor for top
reinforcement and
the factor for epoxy
coated reinforce-
ment need not

Excess
reinforcement?

A, (required)

K _As (provided)

...ld='ylé

Check the final tension
development length,
Iy =12

STOP

22
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DESIGN PROCEDURE 1-BEAM DESIGN WITH NO CONSTRUCTION DEPTH
RESTRICTIONS '
ACI 318-89 Design
. Section Step Description Aid
Given M, = required &M, (ft-kips), V¥, (kips), f.’ (psi), f, (psi)
Find Beam size: b X A (in.)
Reinforcement: 4, (in.?)
Table 1. Preliminary work 1.1. For guidance determine from ACI 318-89 Table 9.5(a)
. 9.5(a) the h,,,, below which deflections must be computed,
even when excessive deflection may cause no damage
to nonstructural attached elements.
1.2, Select beam size b X h
Note: When the beam is attached to or supporting non-
structural elements likely to be damaged by large defiec- | DEFLEC-
tion, or when & < h,,,,, check deflection. TION 7
‘ For average conditions and preliminary purposes the ap-
proximate method (see under Deflection) will furnish
fast results of sufficient accuracy.
Table For limitations of deflection, see Table 9.5(b) in ACI
9.5(b) 318-89
Find d=h—(2%t031in)
2. Flexural check Tables or graphs can be used.
2.1a, If tables are used: , FLEXURE 2
Determine F= bd
12,000
or read from handbook table for b and d. FLEXURE 6
10.3.1 Calculate K,=06M,/F -
Select table for given f,’ and f,. FLEXURE
2.1t024
10.3.3 Check if K, < K, nax for 0.75 p, for selected f, (above
‘ lower solid line). Otherwise enlarge beam size. Prefera-
bly select K, based on:
1 o< 2
3 pmax p 3 pmax'
2.1b, If graphs are used: FLEXURE 8
Adjust ¢ M, to that carried by 10 in. wide beam:
10
10 PM,, = M, T
Select graph for given f./ and f,. FLEXURE
1033 Check that 1odM,, for selected d is smaller than ;;dM, 8.1.2,8.2.2,
for 0.75 p,. Otherwise enlarge beam size. Preferably -+ 108.9.2
base selection on;
1 << 2
‘ 3 Priax < P <3 P
11.1.3 3. Shear check 3.1. Determine factored shear V), at critical section.
11.3.1.1 Compute shear strength ¢ V...
oV, =02V £ )b, d SHEAR 1
Check whether beam size is large enough even when Shear Exam-
shear reinforcement is used. ple 1
. oV, =V, - oV,
Max ¢ V, = $8VS.)b,d
11.5.6.8 =44V, .

Preferably max ¢V, < ¢(4\/E) bd

If actual $V,/(b,.d) > ¢(8\/E), then increase beam
size.

For design of shear reinforcement, see Step 4.3 of this
design procedure.

Full document details: ACI 340.1R-91
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ACI 318-89 Design
Section Step Description Aid
4. Flexural design
4.1 Calculation of 4.1a. Using tables:
10.3.1 reinforcement. Select table for given f,’ and f,; read a, or p from table FLEXURE
for given f, and K, determined above under Step 2. 2.1t02.4
Calculate A4:
oM,
A, = orA,=pbd
a,d
For bar selection and 4 _,,,, see Step 4.1c of this design
procedure.
4.1b. Using graphs:
Select beam table for given f.’ and f,. FLEXURE
Revise M, to ,,bM, as in Step 2.1b. 8.1.2, 8.2.2,
Read A4,,,(4, for 10 in. wide beam) from graph for ... t089.2
wdM, and d.
Determine total 4 :
A, = A, (from graph) X /10
10.5 4.1c. Check A, for minimum reinforcement ratio using FLEXURE
tables; p should be below upper heavy line. 2.1t02.4
Using graphs: p should be above line for FLEXURE
200 8.1.2, 8.2.2,
p = —— (graph limit) . .108.9.2
If A, é A,,.n» increase 4 as follows:
200
10.5.1 A, = p,,.,bd, where p,,, = ——
y
or
A, = 1.33 (4, computed for strength)
Use whichever 4, requirement is smaller.
Chapter 12 | 4.2. Bar selection 4.2a. Find maximum bar diameter for applicable type and REINFORCE-
length of span. MENT 19
Select table for the specified f,” and £,. Decide on por-
tion of through-bars to be used and enter table with
appropriate type of span and restraint; proceed to
nearest smaller span and read maximum permissible bar
diameter from table.
See also Step 2.1 of Design Procedure 4.
Select bar size and determine number of bars to satisfy REINFORCE-
required 4. MENT 1
and 2
7.6 4.2b. Check for bar spacing: REINFORCE-
See whether selected b = b,,,, required to accommodate MENT 9,
number of bars of selected size. If not satisfied, either 10, and 12
increase b or place bars in bundles or multiple layers.
See also Step 2.2 of Design Procedure 4,
10.6 4.2¢. Check selected bar arrangement for crack control: REINFORCE-
Check whether b < b,,, permitted to satisfy crack con- MENT 8,
trol (see also under crack control Step 2.3 of Design 11, and 13
Procedure 4).
REINFORCEMENT 14 can be used to check Steps 4.2b | REINFORCE-
and 4.2¢ simultaneously. MENT 14 .
Documents
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ACI 318-89 Design
Section Step Description Aid

4.3, Shear rein- Note: Design aids SHEAR 1 and 2 have been prepared SHEAR 1
. forcement for and 2

V. /(b,d) = v,

for both the simplified expression in ACI 318-89, Eq.
(11-3), and the more detailed expression, Eq. (11-6). For
design purposes, SHEAR 1 and 2 are given in unit stress
format.

. 4.3a, Determine the factored shear V, diagram.

11.1.1 4.3b. Determine maximum shear ¢ ¥, attributable to the
concrete. Since the strength requirement of ACI 318-89
states
V.=V, =¢V .+ $V]

‘ it will usually be convenient to use ¢ ¥, and ¢V, as the
computed quantities.

oV, = v b, d SHEAR 1

= [handbook value] b,d and 2

mICUOUMOOITVYT ZO—umoO

-—h

For detailed evaluation of ¢v_ for various conditions,
see Step 2 of Design Procedure 2.

4.3c, Determine shear ¢ ¥, required to be taken by stir-
rups or other shear reinforcement:

Requiredd ¥V, =V, — ¢V,

Select size of stirrups or bent-up bars and determine

spacing.
‘ For sequentially spaced stirrups, use SHEAR 3, SHEAR 3
For equal spaced stirrups, use SHEAR 5.1 and 5.2, SHEAR 5.1
and 5.2
For anchorage of stirrups, use SHEAR 6. SHEAR 6
For inclined stirrups or bent-up bars, use SHEAR 7. SHEAR 7

General Rules for the Provision of Shear Reinforcement:
11.5.5.1 Where ¥, = 0.5 ¢ V_, no shear reinforcement required.

11.5.,5.3 Where

and
11.5.6.2 0.5¢V. < V,= [V, + &(50b,d)]

minimum shear reinforcement required.
11.54 Where required ¢ V. < b @V f. ) b,d,or where V, <
3(¢ V) for the simplified method,

S,

max

= —2— for stirrups

= d for bent-up bars

Where
. b@V £, )b, d < Requiredd V,=< &8V /. )b, d,

or where 3(¢ V,) < ¥V, = 5(¢ V,) for the simplified
method,

Siax = d /4 for stirrups
‘ = d/2 for bent-up bars

11.5.6.8 Required $ ¥V, > $(8V f.' )b, d,or V,> 5(d V) for the
simplified method, is not permitted by ACI 318-89.

pocuments
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D ACI 318-89 Design
g Section Step Description ‘Aid
| 4.3d. Formulas for design of shear reinforcement
G Maximum spacing to satisfy strength requirement: ‘
N
11.5.6.2 STIRRUPS
P [¢Avfyd oA, d ]
s= or
R o, Ve—¢V.
0 |
C
E 11.5.6.3 BENT-UP BARS
D A, f,d (sin o 4 cos «)
U s =
¢ VJ
R o ®
E |i¢A,fyd(sino¢+cosa) :I
1 Ve—¢V.
(sino + cosa) =8, SHEAR 7
4.3e. Minimum shear reinforcement
11.5.5.3 Maximum spacing to satisfy minimum shear rein-
forcement requirement:
A
s=< 2 SHEAR 4.2
508,
or for a given shear reinforcement spacing, ‘
A, ’
b, = Sy SHEAR 4.1
50s
2 .Documents
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DESIGN PROCEDURE 2- DETAILED SHEAR DESIGN FOR VARIOUS CONDITIONS D
E
ACI 318-89 - Design S
Section Step Description Aid |
‘ Given Service loading, beam dimensions (b,, and d), material G
properties (f, and f,") N
9.2.1 1. Factored load Compute factored load and corresponding ¥V, shear enve-
lope. P
‘ 11.1.3.1 2, Shear at critical Compute shear V, at distance 4 from face of support. R
section 0
_ : C
11.3.1.1 3. Shear attributable The strength may be expressed E
11.3.2.1 to concrete SV, = bvb,d D
where for the simplified method U
‘ bv, = b2V f! R
and for the more detailed method E
v.d 2
by, = IV S +2500p, )
év,. may be obtained as follows:
Using Af,” enter SHEAR 1 to find v, SHEAR 1
Or, using Af, and p, .V, d/ M, enter SHEAR 1 to find SHEAR 1
dv,.
= A,/ bd for beams
= A,/b,dfor joists
‘ Or, for lightweight concrete, using f,’ and f,, find dv,. SHEAR 2
11.5.5.1 4. Establish design Category 1:
category for stir- V. <056V,
rups T <
No stirrups needed.
Category 2:
11.1.1 056V. < V,=< [dV.+ $&(505,d)]
11.5.5.3 Minimum stirrups required.
Category 3:
11.5.6 V,.> V. + $(50b,d)]
. Stirrups required for computed shear.
5. Stirrup spacing at Enter with maximum ¢V, where ¢V, =V, — ¢ ¥, at criti- § SHEAR 5.1
critical section cal section. or 5.2
Use beam effective depth d, and find stirrup spacing,.
Note I: When ¢V, lies to right of heavy line, it means
. Category 2 controls.
11.5.6.8 Note 2: Maximum ¢ ¥_ may not exceed ¢(8\/ f.')b, d,
which for the simplified method is 4¢ ¥,. When
Max ¢ ¥V is too high, the beam size must be increased.
6. Locate point Method 1 SHEAR 5.1
. where spacing may Select various desired spacings, find corresponding &V, or 5.2
i be increased values, then compute or scale the locations at which
spacings can be increased.
pDocuments
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IE) ACI 318-89 Design
Section Step Description Aid
S
I | Method 2
oV,
G Compute SHEAR 7
N B,K,d
B, = 1 for vertical stirrups SHEAR 7
P K, = 51,000 4, for Grade 60 SHEAR 3
R = 34,000 A, for Grade 40
0 11.5.5.1 Compute length /, from critical section to point where
C V, =056V,
E Determine number of stirrups and spacing SHEAR 3 and
Shear Ex-
D
amples 4, 5,
ll; and 7
E 11.5.4.1 7. Verify that maxi- Enter with effective depth 4, f,, and stirrup size. SHEAR 4
11.5.4.2 mum spacing is not Find maximum b, or b
2 11.5.4.3 exceeded If beam is wider, maximum s must be reduced as given.
13, . Verify that For #6, #7, or #8 stirrups wit greater than 40, si, enter
12.13.2 8. Verify th #6, # #8 stirrups with f, han 40,000 psi SHEAR 6
stirrup anchorage with f, f,, and stirrup size. Read minimum beam height A required
is adequate. and compare with previously selected 4. If selected 4 is less than

required minimum, increase A to minimum.
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DESIGN PROCEDURE 3-DESIGN OF ONE-WAY SLABS

D
) E
ACI 318-89 Design S
Section Step Description Aid |
Given M, = required ,0 M, (ft-kips/12 in. wide strip, £,/ ,7 G
J, (psi) N
9.5 1. Preliminary work Determine minimum thickness # depending on length and
type of span, using ACI 318-89 Table 9.5(a) as a guide.
Table Assume A for design. If less than table limit, deflection P
9.5(a) will have to be checked whether or not member R
supports or is attached to nonstructural elements likely 0
to be damaged by large deflection.
Table For limitations for deflections see ACI 318-89 Table C
9.5(b) 9.5(b). E
See also note for Step 1.2 of Design Procedure 1. D
10.3.1 2. Flexural design 2a. Using slab tables: FLEXURE U
Assume d: usually d = A — (1 to 1¥21in.) 7.21t07.3
Read p for d and ,0M,,. Preferably base selection on R
1 <p< 2 X
3 pma.x p 3 pma\" 3
Check whether flexural requirements are satisfied; if
not, revise A.
A, = pbdin.?/ft; b = 12 in.
2b. Using general flexure tables: FLEXURE
Assume d as above 2.1t02.4
bd?
Determine F = FLEXURE 6
12,000
2
Forb=12in., F=
1000
M,
K, = ﬁ—; check K, < K, e
F 12
Preferably select K, based on
1 2
3 Prax <P < 3 Pras:
Enter table with X, and read a, or p
M, FLEXURE
10.3.1 L= orp12din.?/ 12 in. wide strip 2.1t02.4
all
10.3.1 2¢. Using graphs: FLEXURE
Determine ,¢M, (design strength for 12 in. wide strip). 8.1.1, 8.2.1,
Enter graph with ;,0M, and d, and read A, (for 12 in. . to 8.9.1
wide strip). Preferably base selection on
1 o< 2
3 Prax p 3 Prmax+
3. Check for 4,,,,, If slab tables are used: Use smallest 4, (for selected d) FLEXURE
given in table. 7.1t07.3
If general flexure tables are used: FLEXURE
2.1t02.4
7.12 Use p > p,;, Where p,.,, = 0.0020 for 40 and 50 Grade
= 0.0018 for 60 Grade
Note that p,,, = 4, /bh.
If graphs are used:
7.12 Use A, above lower limit for slabs as indicated. FLEXURE
10.3.1 8.1.1, 8.2.1,
. t0 8.9.1
Documents
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D ACI 318-89 Design
E Section Step Description Aid
S ,
| 4. Check for shear Same as for Step 3 of Design Procedure 1.
G Chapter 11 Max V, at d from face of support is determined for 12 ‘
N in. wide strip; that is, b, = 12 in.

Shear check of slabs is usually unnecessary except for

heavily loaded short spans.
P Check:
R ¢ V.= V, at d from face of support, where for the
0 simplified procedure ‘
Cc $V.= b2V £ )b,d '
E Chapter 12 5. Bar selection Same as for Step 4.2 of Design Procedure 1. REINFORCE-
D MENT 19.1
U and 19.2
R Select size and spacing of bars to satisfy required 4. .
E 7.6.5 Check for maximum spacing: <3A or 18 in. REINFORCE-

MENT 15
3 and 16
10.6 6. Check for crack Check selected bar spacing s for crack control and revise
control if necessary. s < §,,,,
Note: For bar selection and crack control, see also De-
sign Procedure 4, Steps 1.1 to 3.
Documents
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DESIGN PROCEDURE 4- BAR SELECTION BAR SPACING, AND CRACK CONTROL:

ACI 318-89 Design
Section Step Description Aid
$
Given A, (in.?), b (in.), concrete clear cover, type of exposure,
Chapter 12 1. Slabs 1.1, Maximum permissible bar diameter.
Find maximum permissible bar diameter for type of REINFORCE-
support and length of span. Select table for given f.’ and MENT 19.1
J,- Decide on portion of through-bars to be used and and 19.2
enter table with appropriate type of span and restraint.
Proceed to nearest smaller span and read maximum per-
missible bar diameter which may be used.
1.2. Bar spacing
Select bar size and spacing to satisfy A, and spacmg REINFORCE-
limitations established by the code. MENT 15
7.6.1 Minimum clear spacing: d, or 1 in.
7.6.5 Maximum center-to-center spacing: 34 or 18 in.
10.6 1.3. Crack control,
Determine maximum spacing from REINFORCEMENT ] REINFORCE-
16 or evaluate z = f, ¥/ d_A. For this equation, f, may MENT 16
be assumed to be 0.6f,.
A = 2d,s, where s = center-to-center spacmg of bars
z < 175 kips/in. for interior exposure
z < 145 kips/in. for exterior exposure
2. Beams 2.1, Maximum permissible bar diameter.
Chapter 12 Find maximum permissible bar diameter for type of REINFORCE-
support and length of span as for Step 1.1 above. MENT 19.1
2,2, Bar spacing. and 19.2
Select size and number of bars considering:
2.2a. The minimum required area of reinforcement, A4 ; REINFORCE-
MENT 1
and 2
7.1.1 2.2b. The minimum required concrete protection: REINFORCE-
For stirrups: 1Y2 in, MENT 9
For #6-#18 longitudinal bars exposed to earth or and 10
weather: 2 in,
7.6.1 2.2¢c. Minimum bar spacing: REINFORCE-
Clear distance between bars: not less than d, nor 1 in. MENT 9
Clear distance between layers: 1 in. If more than one and 10
layer is required, check for reduction in effective depth;
enlarge beam size if necessary.
10.6 2.3, Crack control, REINFORCE-
MENT 8
and 8.1
Check whether provided effective tension area 4 <
A,... given in table or graph, or caiculate z = f VvV d. 4
as under Step 3 of Design Procedure 1, or use REIN-
FORCEMENT 14 to see whether provided b is between
minimum b required for placement and maximum b per- | REINFORCE-
mitted for crack control. MENT 11
REINFORCEMENT 14 can be used to check Steps 2.2 REINFORCE-
and 2.3 simultaneously. MENT 14
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D ACI 318-89 : Design
E Section Step - Description Aid
S
I 3. Bundled bars For properties of various combinations, see REIN- REINFORCE-
G FORCEMENT 3 MENT 3 .
N 7.6.6 3.1. Spacing

Check minimum required web width, REINFORCE-
P MENT 12
R 3.2. Crack control )
(0] Check maximum permissible web width. REINFORCE- ’
C MENT 13

Steps 3.1 and 3.2 can be checked simultaneously by REINFORCE-
E using REINFORCEMENT 14 MENT 14
D
U
R
E
4
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DESIGN PROCEDURE 5-BEAM DESIGN WITH CONSTRUCTION DEPTH

“ACI 340.1R 91 BN Okb2949 0021270 2 WM

RESTRICTIONS

R R R ————————————

ACI 318-89

. Section

Step

Description

Design
Aid

10.3.3

10.3.3

. 10.3.3

10.3.1

10.3.1

10.3.1

Given

1. Preliminary

2. Flexure

3. Shear

4. Flexural design

Tension steel

Compression steel

M, = required oM, (ft-kips), V, (kips), f.’, f, (psi). Beam
size b X h (in.), h to be maintained.
Assume d: usually d = b — 2%2t0 3 in.)

2a. Using tables:

2

Determine F = or use FLEXURE 6.

3
Calculate K, = oM,/ F
If K, > K,,... for p,..., concrete section is insufficient and
compressive reinforcement is required.

2b. Using graphs:

10
Modify $éM, to &M, = M, -b—

Enter graph with 4. If required M, is beyond limit for
0.75p,, compressive reinforcement is required.

Same as for beam with no consfruction depth restric-
tions (Design Procedure 1).

4a. Using tables:

4a.1. Find maximum ¢M,, which the concrete can devel-
op in compression and the tension reinforcement 4, to
resist this moment.
For p,,.. read: K, and a,,. .
éM,, = K, F and the reinforcement is

nl

¢
4, = 4 orpbd

n

4a.2. Find $M,, which is the strength required that the
concrete cannot develop and which must be developed
by compressive steel and by additional tensile steel.
oM, = M, — d&M,,,. Determine d'/d. Enter table with
d'/d to read a,,.

The additional tensile reinforcement is then

. ¢M n2

A
2 a,d

and the total tension steel A, = A, + 4,,.
Determine 4/, the compression steel.

Read ¢/d for py,. from FLEXURE 2

Enter FLEXURE 4 with ¢/d and d'/d and read a,.
Compare a,” with a,’. The smaller governs.

4a.3. If a, < a,, compression steel has reached yield
stress and compressive reinforcement can be calculated
approximately (i.e., neglecting effect of concrete dis-
placed by compression reinforcement) as

dM,,
a'd

n

AJ'= A:Z =

FLEXURE 6

FLEXURE 2

FLEXURE
8.2

o MICUOUMOOITIT 20— 1vm»mO

FLEXURE 2

FLEXURE 3

FLEXURE 2
FLEXURE 4
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ACT 318-89 Design
Section Step Description Aid

4a.4. If a, > a,, compression steel has not reached yield
stress and A,;' must be calculated for lower stress

_ ¢Mn2

ad

A ’

FLEXURE 4

4a.5. Check reinforcement ratio FLEXURE 10

, S 0850 S
5 5

Pmaz = 0.75p, + p

5 , s

4
bd " bd

p=

4a.6. Bar selection, crack control, and shear design, same
as for beam with no construction depth restrictions (De-
sign Procedure 1).

7.11.1 Compression steel must be enclosed by ties or stirrups.

o MICOMOOITVT ZO—-—0mMmOD

10.3.1 4b. Using graphs: FLEXURE 8

4b.1. Beam or slab tables may be used.
Modify ¢ M, to (&M, or ,,&bM,, depending on whether
the member is a beam or a slab. Check whether these
moments are above the maximum &M, the singly rein-
forced section can develop for the 4 and p,,,.. Read 4,
for the maximum ¢ M, that can be developed for d and
P max- -
Evaluate 4., from formula given at the top of each
graph.
If A, = A4, yield stress is reached in compression
steel, (If 4, < 4_,, see Step 4a.4.)

10.3.1 | 4b.2. Determine moment that cannot be developed by
. concrete.

Required ¢ M,, = M, — éM,,

&M, is strength developed with p,,,, for singly rein-
forced beam. Determine d'/d and enter FLEXURE 5 FLEXURE 5
with ¢M,,, and read A;.

10.3.1 4b.3. Tension steel
Total tension reinforcement
A, =4, + 4,
4b.4. Compression reinforcement. If 4, > A4, yield FLEXURE 8 ‘

stress is reached in compression reinforcement. For this
case, neglecting displaced concrete, A/ = A4 ,. Find a/
as under Step 4a.2. The compression reinforcement is
then

¢Mn2

10.3.1 Aj=—
a'd

Ifd,, < 4., compressi'on reinforcement does not yield.

7.11.1 4b.5, Check reinforcement ratio FLEXURE 10
Compression steel must be enclosed by ties or stirrups
as under Steps 4a.5 and 4a.6.

4b.6. Bar selection, crack control, shear design, same as ‘
in Design Procedure 1.

Documents

34

Full document details: ACI 340.1R-91

e e



http://www.avadocuments.com/doc/aci-340-1r-91
http://www.avadocuments.com/doc/aci-340-1r-91

