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DEFLECTIONS ( Diso c/\/a\an\Jw ) B 0

The deflections of steel beams are usually limited to certain maximum values. Among
the several excellent reasons for deflection limitations are the following;

L

[

Excessive deflections may damage other materials attached to or supported by B 054
the beam in question. Plaster cracks caused by large ceilin s are /) oy anCo
one example.

, . . oSS o
The appearance of structures is often damaged by excessive deflections. ﬂ/
Extreme deflections do not inspiré confidence in the persons using a structure, 4 f €] (L

trength standpoint.
nads Lo

although the structure may be completely safe fro

[t may be necessary [or several different beams supporting the same
deflect equal amounts,
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Standard American practice for buildings has been to limit service live-load de- [oacl

flections to approximately 1/360 of the span length. This deflection is supposedly the Loalo
largest value that ceiling joists can deflect without causing cracks in underlying plaster.

The 1/360 deflection is only one of many maximum deflection values in use because of

different loading situations, different engineers, and different specifications. For situa-

tions where precise and delicate machinery is supported, maximum deflections may be

limited to 1/1500 or 1/2000 of the span lengths, The 2010 AASHTO Specifications limit

deflections in steel beams and girders due to live load and impact to 1/800 of the span.

(For bridges in urban areas that are shared by pedestrians, the AASHTO recommends

a maximum value equal to 1/1000 of the span lengths.)
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The reader should note that deflection limitations fall in the ﬁEﬁ'H:-EHh'III‘I' ﬂI‘E:H.
Therefore, deflections are determined for service loads, and thos the calculations are
|dennl:al fnr Imih LIH-"IJ and ASID designs,
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Before substituting blindly into a formula that will give the deflection of-a beam
for a certain loading condition, the student should thoroughly understand the theo- v
retical methods of calculating deflections. These methods include the moment area,
conjugate beam, and virtual-work procedures. From these methods, various expres.

sions can be determined, such as the following common one for the center line deflec-
tion of a uniformly loaded simple beam:
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A beam deflection criterion 1s usually expressed as limiting deflection to the length of
the span, L, divided by a specified constant; for example, L/360 or L/600. ACI 530,
Building Code Requirements for Masonry Structures, limits the deflection of a beam
that supports masonry to a maximum of the lesser of L/600 and 0.3 in. For some
overhead traveling cranes, the deflection is limited to L/1000. Table 1604 .3 in the IBC
provides the specific deflection limitations given in Table 5.2.

Table 5.2 Deflection Limitations in the ."nternazr'of?af Building Code D _\_ L
| : : | )V e )

Deflection Limitalions  SU08 S0 smowlod.S. deadiond
construction L wind load, load, D + L
roof members

supporting plaster ceiling L/360 L/360 £./240
supporting nonplaster ceiling L./240 L7240 L/180
not supporting ceiling L/180 L/180 /120 P
—>  floor members L/360 _, — L/240 A—
exterior walls and interior partitions
with brittle finishes s L/240 —
with nonbrittle finishes — L1220 —
farm buildings - — L/180

greenhouses /120
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3-8 DESIGN OF FLEXURAL MEMBERS

C/T# )5

Serviceability

Serviceability requirements, per AISC Specification Chapter L, should be appropriate for
the application. This includes an appropriate limit on the deflection of the flexural member
and the vibration characteristics of the system of which the flexural member 18 a part, See
also AISC Design Guide 3, Serviceability Design Considerations for Steel Buildings (West
etal,, 2003), AISC Design Guide 5, Low- and Medium-Rise Steel Buildings (Allison, 1991),
and AISC Design Guide 11, Vibrations of Steel-Framed Structural Systems Due to Human
Activity (Murray et al., 2016).



DESIGN TABLE DISCUSSION
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The maximum wvertical deflection, A, can be calculated using the equations given in
Tables 3-22 and 3-23. Alternatively. for common cases of simple-span beams and I-shaped
members and channels, the following equation can be used:

A= MEH(CyI) {3-3)
where

C'y = loading constant (see Figure 3-2), which includes the numerical constants appropri-

ate for the given loading pattern, E (29,000 ksi), and a fi-to-in. conversion factor of

1.728 in. /ft’ ' 2 : )/)
B b ol et @ A /S X/foﬁ/) €ﬂ( N é
L. = span length, fi /% I
M = maximum service-load moment, Kip-ft ) L_ y C/ ) X

|~ C Loa//mg
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= 1= " T = 99000 fg:

C, =170

Fig. 3-2. Foading constarnts for wse in defterrmining singyle beam deflecrions.



Table 3-23
Shears, VMioments and Deflections 1

1. SIMPLE BEAM — UNIFORMLY DISTRIBUTED LOAD
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