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CHAPTER 1—INTRODUCTION AND SCOPE

1.1—Introduction

Design for serviceability is central to the work of structural
engineers and code-writing bodies. It is also essential to users
of the designed structures. Increased use of high-strength
concrete and higher-strength reinforcing bars, coupled with
more detailed computer-aided designs, has resulted in lighter
and more material-efficient and, thus, more flexible structural
members and systems. This in turn has necessitated better
prediction and control of short-term and long-term behavior
of concrete structures at service loads.

This report presents a consolidated treatment of initial
and time-dependent deflection of nonprestressed reinforced
concrete members such as simple and continuous beams and
one- and two-way slab systems. It presents current engineering
practice in design for control of deformation and deflection of
concrete members and includes methods presented in ACI 318
plus selected other approaches suitable for computer-based
use in deflection computation. Design examples are given at
the end of one- and two-way framing chapters showing how
to evaluate deflection and, thus, control it through adequate
design for serviceability. The content of the report as well
as the step-by-step examples are intended to familiarize
practitioners with the current methods for estimating deflec-
tions in buildings as well as analytical methods suitable for
computer-based application. The examples apply ACI 318
requirements and a recommended alternative approach with
a lower cracking moment (to account for shrinkage restraint).
Methods for predicting initial and time-dependent deflections

(acis

of prestressed concrete are not addressed in this document,
although prestressing can be an effective tool for controlling
both short- and long-term deflections.

1.2—Scope

The principal causes of deflections taken into account
in this report are those due to elastic deformation, flexural
cracking, creep, shrinkage, and temperature effects. This
document is composed of two introductory chapters and four
main chapters that provide information on calculating and
controlling deflections of members constructed using rein-
forced concrete. The organization of the report is:

a) Chapter 1—Introduction and Scope provides back-
ground information on the document.
b) Chapter 2—Notation and Definitions provides a
listing of the notation used throughout the document.
c) Chapter 3—Material Properties discusses material
properties that affect deflections.
d) Chapter 4—Deflection of Reinforced Concrete
One-Way Flexural Members discusses behavior of
uncracked and cracked members, and time-dependent
effects. It also includes the relevant code procedures
and expressions for deflection computation in reinforced
concrete beams. Numerical examples are included to
illustrate the standard calculation methods for simply
supported and continuous concrete beams.

e) Chapter 5—Deflection of Two-Way Slab Systems

covers the deflection behavior of reinforced two-way-

action slabs and plates. This chapter gives an overview
of classical and other methods of deflection estimation,
such as the crossing beam analogy and the finite element
method for immediate deflection computation. It also
discusses approaches for determining the minimum thick-
ness requirements for two-way slabs and plates and gives

a detailed computational example for evaluating the long-

term deflection of a two-way reinforced concrete slab.

The chapter emphasizes the uncertainties inherent in esti-

mating deflections of two-way slab systems.

f) Chapter 6—Reducing Deflection of Concrete

Members gives practical and remedial guidelines for

improving and controlling the deflection of reinforced

concrete members, hence enhancing their overall long-
term serviceability.

It should be emphasized that the magnitude of actual
deflection in concrete structural members, particularly in
buildings, which are the emphasis and the intent of this
report, can only be estimated with limited accuracy. This
is because of the large variability in the properties of the
constituent materials of these members, the quality control
exercised in their construction, and the construction methods
used. Therefore, for practical considerations, the computed
deflection values in the illustrative examples at the end of
each chapter should be interpreted with this in mind.

In summary, this single document gives design engineers
the key tools for estimating, and thereby controlling through
design, the expected deflection in nonprestressed reinforced
concrete building structures. The material presented and the
design examples will help to enhance serviceability when
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used judiciously by the engineer. Designers, constructors,
and codifying bodies can draw on the material presented
in this document to achieve serviceable deflection of
constructed facilities.

CHAPTER 2—NOTATION AND DEFINITIONS

2.1—Notation

Ag; = area of nonprestressed tension steel, in.> (mm?)

Ay = area of nonprestressed steel in compression zone,
in.2 (mm?)

b = width of the section, in. (mm)

b, = web width, in. (mm)

C, = creep coefficient of concrete at time ¢, days

C, = ultimate creep coefficient of concrete

c = depth of centroidal axis, in. (mm)

d = distance from the extreme compression fiber to
centroid of tension reinforcement, in. (mm)

d" = distance from the extreme compression fiber to
centroid of compression reinforcement, in. (mm)

d, = bar diameter, in. (mm)

E = modulus of elasticity, psi (MPa)

E. = modulus of elasticity of concrete, psi (MPa)

fe = stress in concrete, psi (MPa)

f.' = specified compressive strength of concrete, psi (MPa)

f., = stress to cause cracking in concrete, psi (MPa)

1 = modulus of rupture of concrete, psi (MPa)

fres = stress from restraint to shrinkage, psi (MPa)

I = stress in nonprestressed steel, psi (MPa)

5 = specified yield strength of nonprestressed rein-
forcing steel, psi (MPa)

h = overall thickness of a member, in. (mm)

hy = flange thickness, in. (mm)

1 = moment of inertia, in.* (mm*)

I, = moment of inertia of the cracked section trans-
formed to concrete, in.* (mm*)

1, = effective moment of inertia for computation of
deflection, in.* (mm®)

I, = moment of inertia for gross concrete section about
centroidal axis, neglecting reinforcement, in.* (mm®)

k = depth of compression zone divided by d

¢ = span length, in. (mm)

¢, = distance from the inside of the support to the inside
of support, clear span, in. (mm)

M = bending moment, Ib-in. (N-mm)

M, = moment at End 1 of a continuous member, Ib-in.
(N-mm)

M, = moment at End 2 of a continuous member, Ib-in.
(N-mm)

M, = maximum service load moment (unfactored) at
stage deflection is computed, Ib-in. (N-mm)

M, = cracking moment, Ib-in. (N-mm)

Mp = moment due to dead load, 1b-in. (N-mm)

M; = moment due to live load, 1b-in. (N-mm)

M,, = midspan moment, Ib-in. (N-mm)

N = axial member load, 1b (N)

n = modular ratio E/E.

T = temperature, °F (°C)
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t = time, s

w = uniformly distributed load (load per unit length),
1b/in. (N/mm)

w, = unit weight of normalweight concrete or equilib-
rium density of lightweight concrete, 1b/ft* (kg/m?)

y, = distance from centroidal axis of gross section,

neglecting reinforcement, to extreme fiber in
tension, in. (mm)

A = elastic deflection of a beam or slab, in. (mm)
A.. = additional deflection due to creep, in. (mm)
A = incremental deflection that occurs after attachment

on nonstructural elements (includes long-term
deflection A;7 from sustained loads and immediate
deflection from the remaining part of live load that
is not sustained, in. (mm)

A, = initial (immediate) deflection due to live load, in.
(mm)

A;r = deflection from long-term effects, in. (mm)

Ay, = additional deflection due to shrinkage, in. (mm)

Ags = initial (immediate) deflection due to sustained load,
in. (mm)

g, = strain due to stress in the concrete

g, = free strain, such as unrestrained shrinkage

gy = strain due to stress in nonprestressed steel

gy, = shrinkage strain of concrete

(es): = shrinkage strain of concrete at time ¢, days
(gs1), = ultimate shrinkage strain of concrete

3 = total strain

¢ = distribution coefficient

K = cross section curvature, in.”! (mm™)

K = shrinkage curvature, in.”! (mm™)

Ao = creep multiplier for long-term deflection

Asn = shrinkage warping multiplier for long-term deflection

A, = total multiplier for long-term deflection

Ay = time-dependent multiplier for long-term deflection

v = Poisson’s ratio

p = nonprestressed tension reinforcement ratio (4,/bd)

p’ = reinforcement ratio for nonprestressed compres-
sion steel (4,'/bd)

g = time-dependent multiplier for deflection

2.2—Definitions
Please refer to the latest version of ACI Concrete Termi-
nology for a comprehensive list of definitions.

CHAPTER 3—MATERIAL PROPERTIES

3.1—Objective

Deflections in reinforced concrete structures are affected
significantly by numerous material properties, including
concrete and reinforcement moduli of elasticity, concrete
modulus of rupture, creep, and shrinkage. The purposes
of this chapter are to: 1) briefly address how each of these
material properties affects deflection; and 2) provide brief
guidance on the most common expressions recommended
by various ACI committees for estimation of these param-
eters during the design process. This chapter is not intended
to provide a comprehensive review of all the material prop-
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