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Foreword

The basic knowledge for the preparation of this design Manual stemmed from the
comprehensive presentation on new developments in the application of plastic design
principles to the design of multistory steel building frames at the August, 1965 Summer
Conference at Lehigh University. This design concept will provide engineers with a greater
insight into the actual behavior of multistory frames and will give them an effective tool for
obtaining more economical steel designs.

For the preparation of the Manual, the Committee of Structural Steel Producers and
the Committee of Steel Plate Producers of American Iron and Steel | nstitute retained John
L. Rumpf, Professor and Head, Civil Engineering and Mechanics, Drexel Institute of
Technology, as principal author and Ira M. Hooper and Professor Joseph A. Yura as
co-authors. For their skillful handling of the assignment, the Committees gratefully
acknowledge their appreciation.

The Committees also wish to acknowledge the important and valuable contribution
made by representatives from the member steel producing companies in writing and
reviewing the material for this Manual.

The material contained in the Manual is presented in two parts, basic design
information and design examples.

Chapters 1 through 3 present the basic design information and background on the
plastic design method for braced frames. Chapters 4 through 8 describe the design of a
24-story, three-bay, braced steel apartment house frame.

Chapter 8 includes all design calculations, arranged in a tabular format, with an
explanation for each entry. Chapters 4 and 5 describe the subroutines used to select
members, either for strength or drift criteria. Chapter 6 gives design checks, and Chapter 7
discusses connections.

The Appendix presents three design aids, and provides a rapid method for checking
lateral-torsional buckling of columns.

The concept of plastic design has been documented through a series of research
projects which have been conducted for more than two decades and still continue. These
projects have been under the sponsorship of American Iron and Steel Institute, American
Institute of Steel Construction, the Navy Department, the Office of Naval Research and the
Welding Research Council.

Practical procedures for the plastic design of continuous beams and one and two-story
rigid frames are described in the American Institute of Steel Construction Manual, Plastic
Design in Steel.



The American Institute of Steel Construction is the non-profit service organization for
the fabricated structural steel industry in the United States and is dedicated to presenting
the most advanced information available to the technical professions. It is suggested that
inquiries for further information on plastic design be directed to that Institute.

The authors and American lron and Steel Institute wish to express their appreciation
to all those who assisted in the preparation of the Manual, reviewed the manuscript and
contributed suggestions. In particular, it wishes to thank T. R. Higgins and Professors
George C. Driscoll, Jr., Theodore V. Galambos and Le-Wu Lu.

Committee of Structural Steel Producers
Committee of Steel Plate Producers
American lron and Steel Institute
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Nomenclature

Cross-sectional area. Subscripts b, ¢, g
denote bracing, column and girder
respectively

Area of bracing member

Minimum K-bracing area (Eqg. 6.8)

Area of one flange of girder

Required area of two stiffeners

Distance between exterior columns of a
bent

Column slenderness ratio at transition
from inelastic to elastic buckling

Equivalent moment coefficient

Spacing of braced bents, or distance
between the braced bents of a building

Modulus of elasticity

Load factor
Stress

Axial compressive stress permitted in the
absence of bending stress

Bending stress permitted in the absence
of axial stress

Critical stress for axially loaded com-
pression members

Euler buckling stress divided by factor of
safety

Specified minimum vyield point for type
of steel being used. Subscripts ¢, g, s
denote column, girder and stiffener
respectively.

FEM

My,

Fixed end moment
Wind load per story
Moment of inertia

Moment of inertia of vertical bracing
truss chords

Effective length factor

Ratio of actual K-bracing area to mini-
mum K-bracing area

Distance between centerlines of vertical
bracing truss chords

Length of bracing member
Length of clear girder span
Lateral-Torsional Buckling

Bending moment

Moment at the ends of girder under
factored dead load

Moment at the ends of a girder under
factored gravity load

Plastic moment required for mechanism
in the absence of an axial load

Uniform moment about major axis
causing lateral-torsional buckling of the
member in the absence of a concentric
load

Plastic moment (Fy Z)

Plastic moment modified to include the
effect of axial compression



Moment about the center of a joint.
Subscripts A4, B, U and L denote left end
of girder, right end of girder, upper end
of column, and lower end of column,
respectively

Moment about center of joint caused by
eccentrically framed members

Moment at first yield (FyS)

Peak beam-column moment capacity
from M-8 curves

Moment caused by PA effect

Number of braced bays

Axial load

Total shear in a story

Axial force in bracing members. Sub-
scripts H and V denote horizontal and

vertical components of force

Axial load in columns due to wind and
PA effect

Critical concentric buckling load

Major axis concentric Euler buckling
load

Axial force in girder
Major axis concentric buckling load

Minor axis concentric buckling load
Limiting load
Total working gravity load above a story

Plastic axial load, AFy

Qa

Shear caused by PA effect
Total rotation in a story (sum of chord
and web rotation) = A/h

Live load reduction factor.

Rotation in a story due to bracing length
changes

Chord rotation in a story due to column
length changes

Rotation in a story due to girder length
changes

Web rotation in a story due to girder and
bracing length changes

Elastic section modulus
Tensile flange force
Shear force

Shear force that causes the web to yield
in shear

Working wind shear at a story

Plastic section modulus

Width of flgnge

Width of stiffener

Depth of section. Subscripts ¢ and g
denote column and girder depth, re-

spectively

Axial change in length. Subscript b
denotes change of length of bracing

Computed shear stress
Story height

Total height of braced bent



WH

Distance from outer face of flange to toe
of web fillet

Proportionality factor for drift calcu-
lation

Length of member
Length of unbraced beam segment

Critical unbraced length

Number of level or story (Roof = 1)
Ratio of column end moments

Radius of gyration. Subscripts x and »
refer to major and minor axis, respec-
tively

Flange or plate thickness. Subscripts ¢, g
and s denote column, girder and stiff-
ener, respectively

Working gravity load (dead plus live
load)

Web thickness

Total equivalent factored horizontal
load, wind plus PA effects (Eqg. 5.15)

Column web thickness
Working dead load

Average working gravity load over the
entire building

Working live load
Uniformly distributed unit lcad corre-

sponding to formation of a plastic mech-
anism in a fixed end beam

WA

Zor

¢ base

Working wind load

Equivalent factored horizontal load, PA
effects (Eq. 5.16)

Chord angle change in a story

Chord angle change above a story

Drift. Subscripts b, ¢, g refer to bracing,
column and girder respectively

Chord drift in a story
Total drift at top of bent

Web drift in a story

Maximum deflection of a simply sup-
ported beam

Strain
Strain at onset of hardening

Strain at yield point

End slope
Slope of diagonal stiffeners

Total factored gravity load increment
applied at each level

Curvature
Curvature at bottom story

Curvature corresponding to moment at
first yielding






CHAPTER 1

Introduction

1.1 OBJECTIVE

The objective of this publication is to ac-
quaint practicing engineers with the present
state of the theory for the plastic design of
braced multistory steel frames. It is hoped that
the information presented will stimulate the use
of plastic design methods for frames of this
type, and that this in turn will produce an input
of useful ideas contributing to the full develop-
ment of the concept.

1.2 CONTENTS

The information contained herein is mainly a
digest of the research material presented to
engineering educators at the Lehigh University
Conference on Plastic Design of Multistory
Frames’ in August 1965. An effort has been
made to include enough theory for the engineer
to understand the behavior of the structure but
to concentrate principally on design aspects. The
engineer who wishes to delve into the back-
ground of research should study the references
listed. The design example of a braced multi-
story frame will serve as a guide to the efforts of
the practicing engineer as he applies the princi-
ples of plastic design to his own work. The
grades of steel used in the design example are
A36 with Fy = 36 ksi and A441 or A572 with
Fy = 50 ksi. Design aids for these values are
included. A listing of the notation used is given
for ready reference. Sign conventions are dis-
cussed as they are developed.

1.3 THE FUTURE OF MULTISTORY
FRAMES

Multistory and high-rise buildings have been
common in some of our nation’s large cities, but

recent sociological trends have forced the use of
such structures in more numerous locations and
have pushed them to even greater heights. As the
population increases and tends to concentrate in
urban areas, and as land costs skyrocket, the
multistory building becomes the economical
solution to housing people for living and work-
ing. The tall building will be the common
structure of the future and economy of the
structural frame is of increasing importance.
Structural steel frames proportioned by plastic
design methods may offer savings over frames of
other materials and over steel frames designed
by allowable stress methods.

1.4 THE DESIGN TEAM

Regardless of the design method, the building
process today demands an integrated team of
architects, and electrical, mechanical and struc-
tural engineers. Each must understand the
other’s requirements, for rising costs and in-
creased demand for excellence in construction
require the integration of all building com-
ponents into a compact structure with a mini-
mum of wasted volume. The structural engineer
must understand the architect’s desire to have
the structural frame complement the function
and the motif of the building. He must be
appreciative of the space needed for the con-
duits and ducts required by the electrical and
mechanical engineers as they attempt to regulate
the internal environment of the modern build-
ing. Within such constraints he must produce a
safe and economical structural frame. The frame
must safely support the gravity and wind loads
without undue deflection or sway affecting the
operation of other building components or
producing unpleasant sensations to the
occupants.



1.5 NEW STRUCTURAL CONCEPTS

Fortunately, the structural engineer is assisted
in fulfilling these requirements by new knowl-
edge of how structures behave, and by the
advent of new materials, products and construc-
tion techniques. Research on the behavior of
steel structures during the last twenty years has
led to the development of the plastic design
philosophy as contrasted to the more established
methods of elastic design, more correctly known
as allowable stress design. Composite design uses
the integrated strength of steel and concrete.
New high strength structural steels of carbon,
low alloy and heat treated types permit a
reduction in the sizes of members. High strength
bolts and new welding techniques produce
economical, rigid connections of greater com-
pactness and more direct transfer of stress.

1.6 ALLOWABLE STRESS DESIGN

The current method of designing rigid multi-
story building frames ¢ involves the determina-
tion of the internal shears, moments and thrusts
caused by working loads using methods of
allowable stress analysis for statically indeter-
minate structures. Because of the high order of
redundancy of the multistory rigid frame the
analysis is usually reduced to a statical one by
making appropriate assumptions as in the
“portal” or “cantilever’” methods. Using the
internal forces and an allowable stress, derived
principally by dividing the yield point stress of
the steel by a factor of safety, the members are
proportioned using ordinary mechanics of
materials equations. Inherent in this approach is
the philosophy that the limit of usefulness of
the structure is reached as soon as the yield
point stress is developed at one point in the
frame. Other points in the frame will be under-
stressed, and thus uneconomical in the use of
material. This method does not recognize that
local yielding in a rigidly connected steel struc-
ture permits a redistribution of the internal

forces to less highly stressed parts of the
structure, and consequently it underestimates
the load carrying capacity of the structure as a
whole. Local yielding is not detrimental to the
behavior of the structure provided it is con-
tained by adjacent elastic regions of the frame.

1.7 PLASTIC DESIGN

On the other hand, the plastic design philos-
ophy recognizes the redistribution of internal
forces that takes place when complete yielding
(plastic hinges) develops at regions of high
bending moment. It focuses on the limit of
usefulness as the ultimate load that can be
carried just before the structure develops a
sufficient number of plastic hinges to permit
unrestrained deformation of the structure. This
ultimate load is an indication of the strength of
the whole structure, and it exceeds the working
load by a factor F. The quantity F, called the
load factor, is selected to be consistent with the
factors of safety inherent in the allowable stress
design of a simply supported beam. In this
publication the following values, adopted from
the Lehigh Conference, are used for beams,
columns and frames:

Gravity loading F=1.70
Gravity and wind loading F=1.30

Uncertainty about stability problems was the
chief reason for a somewhat higher load factor
specified for frames in the past. New research
presented at the Lehigh Conference has led to a
better understanding of the behavior of columns
and therefore the values of F shown appear
justified.

Deflection may also constitute a limit of
usefulness for the structure, and whether design-
ing by allowable stress or plastic methods, it is
necessary to consider the vertical beam deflec-
tions and horizontal frame deflections (drift)
under working loads. Deflections rather than
strength may actually govern the design.



CHAPTER 2

Dimensions and Loading

2.1 CHOICE OF DIMENSIONS

The overall dimensions of the multistory
building are governed by the size and shape of
the site available and by set-backs from the
property lines required by zoning ordinances.
For reasons of architectural layout it is often
advantageous for the building to be long and
narrow. Within these area limitations it is the
responsibility of the architect-engineer design
team to determine the reguired number of floors
to fulfill the owner’s space needs. Many munici-
palities have zoning ordinances restricting
heights of buildings, but these restrictions are
being removed or liberalized as codes are revised.

The design team must decide on bay sizes for
the structural frame that fit the architectural
and mechanical-electrical layouts of the inte-
grated structure. There is a trend toward the use
of larger bay dimensions, particularty with com-
posite floor beams. Longer spans increase the
depth of the floor system, thereby increasing the
height of the building. However, increased floor
depth often permits more economical construc-
tion even though the building volume is in-
creased.

Regardless of the method of structural design,
the items mentioned above must be cansidered
and examined from their technical and economi-
cal aspects before bay sizes are established. The
bay sizes shown for the apartment house exam-
ple of Chapter 8 represent a possible, but not
necessarily the best, framing plan for that
structure. They represent a compromise based
on the integrated requirements.

2.2 BRACING METHODS

The multistory building must be designed to
provide resistance to horizontal forces applied in
any direction. A number of devices may be used,

including shear walls or core sections, but in the
example in Chapter 8 attention will be directed
toward proportioning of the steel bents to
provide the necessary strength and limitation to
drift. There are two conventional methods of
providing the necessary resistance.

One or more bents of a frame may be braced
for the full height of the building using diagonal
or K-bracing. This creates a vertical cantilever
truss to which all wind load is transmitted. In
the allowable stress design of this type of
framing the girders may have either simple or
rigid connections to the columns. Plastic design
requires rigid connections. Rigid connections
have real advantages in allowable stress design
also. For example, rigidly connected members
reduce beam deflections, reduce beam depth,
and reduce floor cracking.
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FIG 2.1 THE PA EFFECT DUE TO SWAY



On the other hand, resistance to the horizontal
forces may be provided entirely by the bending
resistance of rigidly connected girders and
columns,

It is desirable to define braced and unbraced
bents in terms of the method of resisting
secondary moments produced by drift. When a
building drifts, each floor moves laterally with
respect to the adjacent floors as indicated in Fig.
2.1. The vertical forces kP on the columns at
one floor become eccentric with respect to the
column axes at the floor beneath by an amount
A, producing secondary moments totaling PA.

In this publication the following definitions
and assumptions will be used:

Braced Bent — Has physical brace in at
least one bay of a bent on each floor. PA
effect is controlled by the shear resistance
of the bracing system. Girder connections
are rigid.

Unbraced Bent — No physical brace.
Strength depends on bending resistance of
all members. PA effect must be resisted by
the columns in bending. Girder connections
are rigid.

Supported Bent — Depends on adjacent
braced or unbraced bents for resistance to
horizontal forces and PA effects; is de-
signed for gravity loads only. Girder con-
nections are rigid.

2.3 GRAVITY LOADS

Building codes specify the warking live loads
for floors, the roof load and wind loads. The
dead load, floor live loads and roof loads are
referred to as gravity loads. Although the dead
load is always present many variable patterns of
live loading are possible. Codes ¢ permit a reduc-
tion in the live load for beams or girders
supporting large floor areas and for columns
supporting several tiers of floors. Such reduc-
tions reccgnize the improbability of having the
full live load acting over large areas and on all
floors simultaneously.

Partial live loading in a checkerboard pattern
may control the column design. Checkerboard
loads produce a lower axial force in the columns
but may produce a more critical bending effect.

2.4 HORIZONTAL LOADS

Wind loads are usually expressed as a resultant
unit pressure applied horizontally against the
windward side of the building. Many modern
codes require an increase in wind pressure as the
height above the ground increases. It is custom-
ary to convert the wind pressure to forces
applied at each floor level, and to assume that
the floors, acting as diaphragms, transfer the
wind forces along the building to the periodi-
cally spaced braced frames.

The application of plastic design to seismic
loading is an area of current study.?



CHAPTER 3

Fundamentals of Plastic Design

3.1 MATERIAL PROPERTIES

The successful application of plastic design to
structures depends on two desirable properties
of structural steel—strength and ductility. These
are portrayed by the stress-strain diagram (Fig.
3.1). The level of strength used in plastic design
is that of the yield plateau, Fy. The length of

STRESS, F

Plastic

Elastic |[lpegion| Strain-hardening Region

Region

& Est STRAIN, €

FIG 3.1 STRESS-STRAIN DIAGRAM
FOR STRUCTURAL STEEL

that plastic plateau is a measure of the ductility;
for A36, A441, and AB72 steels the strain at the
limit of the plastic region, eg¢, is approximately

STRESS, F

4
7/

Fy 4 L

Unlimited Plastic Region

€, STRAIN, €

FIG 3.2 IDEALIZED STRESS-STRAIN DIAGRAM

12 times the strain at the initiation of ydelding,
€y. In plastic design the actual stress-strain
diagram is replaced by an idealized diagram
representing steel as an elastic-plastic material
(Fig. 3.2).

The allowable stress design method defines
the limit of usefulness of a cross-section as
occurring when the strain in one fiber only
reaches €y, but the plastic design method con-
siders the remaining usefulness after the attain-
ment of €y in all fibers. That is, the cross-section
becomes fully plastic (Fig. 3.3).

3.2 IDEALIZED CONCEPTS FOR BEAMS

Plastic design has its chief utility in the design
of structures composed of bending members. In
such members the strains are proportional to the
distance from the neutral axis under all magni-
tudes of loading but the stresses are not propor-
tional once the fibers have strained beyond ey.
When the bending moment at a section becomes
so great that practically all fibers have strains
greater than €y, the stress distribution diagram
approaches a fully yielded condition known as a

€,

D

£y

STRAIN
DISTRIBUTION
<M1’ /’; Mp
fi STRESS
£ . DISTRIBUTION
l——-ti"‘b
‘——4 Fy Fy
ALLOWABLE STRESS PLASTIC
DESIGN DESIGN

FIG 3.3 LIMIT OF USEFULNESS, BENDING ONLY



the rules for spacing of lateral bracing provide
for a variable distance, Iy, depending upon the
ratio of the moment, Mp, at the braced hinge
and the moment, M, at the other end of the
unbraced segment (Fig. 3.7).

Recent analytical work ! taking into account
different kinds of steels and the stress condition
of the adjacent segments, justifies the provisions
tabulated in Table 3.2 for I, with the common
condition of elastically stressed adjacent seg-
ments.

TABLE 3.2
Specified Clewky (ler)s
Minimum Uniform Moment
Yield Moment Gradient
Point, Fy | M/Mp=>07 |-1.0<M < o7
Mp
36 ksi 38ry 65ry
50 ksi 28ry 55ry

|f a braced segment, I, of a beam is bent about
its strong axis by equal end moments causing
uniform moment the end moments will reach
Mp provided I <lor. However, if > lq, lateral-
torsional buckling will occur at My, <Mp as

31.3| 136.9
e Fy =36
—\_34
B —.80
M|
Mp - i
- M DM
L]
1 L i L 1 1
0 60 | 120
iy

FIG 3.8 LATERAL TORSIONAL BUCKLING
UNDER UNIFORM MOMENT

shown by Fig 3.8. This value of My, is of
importance in the lateral-torsional buckling of
beam-columns.

In segments where the beam is behaving
elastically or at the last hinge of the plastic
mechanism the spacing of braces is determined
by rules of allowable stress design. Recom-
mendations for sizes of lateral braces are given in
Ref 1.

3.3c SHEARING FORCE IN BEAMS

The simplified plastic theory is developed for
conditions of pure bending but in practice
flexure is usually accompanied by shearing
forces. The influence of shear is masked by
strain hardening and local and lateral buckling,
but, as a design criterion, the limiting shear may
be taken as the force that causes the entire web
to yield in shear, V. Beams and columns should
be proportioned according to

V<V, = 0.55F,wd (3.2)

where F) is in ksi.

If V exceeds the shear carrying capacity of
the beam, ¥y, a new beam with greater web area
may be chosen, or the web may be reinforced
with doubler plates.

3.3d AXIAL FORCE IN BEAMS

If a member short enough to preclude failure
in a buckling mode is subjected to an axial force
in addition to a bending moment, the plastic
hinge develops at a reduced plastic moment
value designated as Mp.. Mp, depends on the
cross-sectional properties of the member, the
yield stress of the steel, and the magnitude of
the axial load. The influence of the axial force in
reducing the value of Mp. is seen in Fig 3.9
where the approximate interaction equation for
strong axis bending of WF column sections is also

plotted.
M P
pc -
M, = 1.18 (] P ) {3.3)



For values of P<.156 Py it is permissible to take
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FIG 3.9 INTERACTION OF AXIAL FORCE
AND MOMENT FOR STRONG AXIS
BENDING OF SHORT WF COLUMN

The quantity Mp, is a basic characteristic of
the cross-section of a short compression member
but it is not necessarily indicative of the carrying
capacity of longer columns where the slender-
ness ratio, 2 may have an appreciable influence
on the behavior of the column.

3.4 COLUMNS

Columns in multistory building frames will be
loaded by axial forces alone if the shears and
end moments from the girders are symmetrical
about the column centerline at all floor levels. If
these forces are not symmetrical the member
becomes a beam-column subjected to axial force
and bending moment. When lateral loads are
applied to the frame, one floor may move
laterally a small distance A with respect to the
next one below and a moment, PA, may have to
be considered. (See Fig. 2.1.)

3.4a AXIALLY LOADED COLUMNS

Building columns usually have slenderness
ratios less than C, and failure will occur by
inelastic buckling. The critical concentric buck-
ling load is given by

PC"' = PérA (34)

where Fep is a critical stress expressed as the
allowable stress of Formula (1) of the AISC
Specification multiplied by a load factor of 1.7.

Thus,
h\2
0a [1 @D }F
2C,7

F&r = 1.7Fa = (3.5)
ES

23,900
for K2 < G where ¢, = =
V5

The factor of safety, F.S., is a variable quantity
ranging from 1.67 to 1.92. C, is the column
slenderness ratio at the transition from inelastic
to elastic buckling.

The strength of axially loaded columns is also
influenced by the conditions of flexural restraint
at the ends of the columns. The restraint of the
supports is indicated by the effective length
factor K. For columns in plastically designed
braced frames K = 1 should be used. In a braced
frame, translation at the column ends is in-
hibited, and when hinges form at the ends of
girders the end restraint of the columns is
reduced and the buckled shape of the individual
column approximates the pinned-end condition.

3.4b BEAM-COLUMNS

The ultimate strength of a beam-column
depends on:

1. the material properties, expressed

by Fy

the slenderness ratio, a/r

the axial load ratio, P/Py

4. the magnitude of upper and lower
end moments, My and My, , respec-
tively

w ™
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5. the direction of the end moments
expressed by ¢, the ratio of the
numerically smaller to the numeri-
cally larger end moment

The ultimate strength of beam-columns may
be represented by moment-rotation curves or by
interaction curves. Both procedures will be
described briefly.

The effect of the magnitude of the axial load
on a short column’s ability to resist moment has
been illustrated in Fig 3.9. Another way of
showing this is by M-P-® diagrams as plotted in
Fig 3.10 for a particular size column. This plot
shows the influence of the axial load in reducing
the moment carrying capacity of an 8WF31
column, but it is reasonably indicative of the
behavior of all other size columns.

FIG. 3.10 M-P-® DIAGRAM FOR BWF31
WITH RESIDUAL STRESS

Using the M-P-® curves it is possible, by
numerical integration, to represent the ultimate
strength of beam-columns by a series of “‘end
moment—end rotation”, M-8 curves. The end
moments play an important role in influencing
the behavior of the beam-column. Several impor-
tant cases for strong axis bending are illustrated
in Fig 3.11 for beam-columns with #/r = 30 and
P[Py =0.6. The charts of Design Aid Il show
M-8 curves for two end moment conditions and
values of P/Py from 0.3 to 0.9 for beam-columns
bent about the strong axis.

P P
|
.__/T\M]U ._d-\M;U
] 6
7=710
L My =My _'f
P P
(a) (b}

FIG 3.11 MOMENT-ROTATION CURVES
(STRONG AXIS BENDING)

In Fig 3.11a a beam-column is bent in double
curvature by end moments of equal magnitude
acting in the same direction, g =+1.0. This is a
favorable configuration in which the plastic
hinges form at the ends at a value of Mpe, and
are maintained through a considerable rotation.

In the beam-column of Fig 3.11b bending is
produced by a moment at one end only, g = 0.
Even in this case the maximum moment that can
be developed at the end is practically Mpc.
However, study of Design Aid Il will show that
for greater slenderness ratios and higher ratios of
P/Py there may be a reduction below Mp,.

The Design Aid charts for g = 0 may be used
for the case of g = +1.0 by using an equivalent



slenderness ratio equal to one-half of the actual.
For A36 steel columns bent in double curvature
it is only for P/P, > 0.9 and h/r > 40 that there
is an appreciable reduction below Mpc.

In Fig 3.11c the beam-column is bent in single
curvature by equal end moments, g = —1.0. The
plastic hinge does not occur at the ends, the end
moments never reach the value of Mp,, rotation
capacity is reduced, and unloading occurs after a
small rotation.

The charts of Design Aid Il may be used for
design by assuming a column size, calculating
P[Py and h/r, entering the appropriate chart for
P[Py, and q, and reading the maximum value of
M[Mpe. The latter value multiplied by Mp
must equal or exceed the given external moment
M for the design to be satisfactory. These charts
are most useful when making sub-assemblage
checks of the design where joint rotations are of
concern. The end points on the moment-
rotation curves represent the development of
local buckling.

For steel other than A36 the same curves may
be used by calculating an equivalent slenderness
ratio as follows:

Ry [k /1y (3.6)
Fy Jequiv., rx Jactual’y 35

and modifying the rotation obtained by

]

© = Ocharty/ 35 (37)

Curves for other values of g are available Zbut
those given in Design Aid |l are usually suffi-
cient for design purposes.

A second method of designing beam-columns
uses strong axis interaction curves obtained by
plotting the maximum moments from the
moment rotation curves of Design Aid |l for
various values of P/Py and A/r. The right hand
charts of Design Aid Ill were obtained in this
way. Since the in-plane bending strength of WF
sections is insensitive to the actual cross-section

1"

dimensions, diagrams such as these will suffice
for all members.

If a beam-column has significantly different
section properties for the major and minor axes,
and if the external moments are applied about
the major axis, unbraced beam-columns may
experience lateral-torsional buckling before the
in-plane bending capacity is reached. The rota-
tion capacity will also be impaired. A conserva-
tive estimate of the lateral-torsional buckling
strength of beam-columns bent about the major
axis by end moments may be made by the
following interaction equation.

P CinM 1
— ¥ < 1.0 (3.8)
Poy M 1 — P[Peyx

where:

P = applied factored axial load

Pyy = minor axis concentric buckling load
from Egs. 3.4 and 3.5

Cyn =06 — 0.4¢ but not less than 0.4

M =numerically larger end moment

M, =uniform moment about major axis
causing lateral-torsional buckling of
a beam without concentric load.
(See Fig 3.8)

The term in parentheses is an amplification
factor similar to that in Formula (7a) of the
AISC Specifications.® Pey is the major axis
concentric Euler buckling load given by

Pex = 1,92AF8' (39)

where F¢'is an allowable stress given by Formula
(2) of the AISC Specification as

B - 149,000

h\2

(&%)

and 1.92 is a load factor chosen to negate the
factor of safety used in Eq. 3.10.

Design Aid Ill includes three pairs of charts

that give the moment capacity of A36 steel WF

beam-columns bent about the major axis with a
constant end moment ratio g. Charts are pro-

(3.10)

(ksi)
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vided for double curvature bending (g = +1.0),
one end pinned (¢ =0), and single curvature
bending (g = —1.0).

The first chart of each pair is based on the
lateral-torsional buckling (L7B for brevity)
moment capacity derived from Eq. 3.8 for
specified values of h/ry.

The LTB charts assume that the beam-column
Is braced about both axes only at its ends and
that rx/ry = 1.7, which is a common ratio for WF
columns of width equal to depth; other light
sections have higher values of rx/ry. These charts
give slightly conservative values of Eq. 3.8 for W
columns with rx/ry > 1.7. The intercepts of the
h/ry curves on the load (P/Py) axis are the ratios
Pyy /Py where Py, is the minor axis buckling
load from Eg. 3.4. Hence, the LTB charts
automatically provide a check for minor axis
column buckling due to concentric load.

The second chart is based on the maximum
in-plane bending moment capacity determined
from the peaks of the M-8 curves for specified
values of h/ry in Design Aid I1.

The horizontal coordinate axis of the inter-
action charts indicates the beam-column
moment capacity in the form M/Mpc. The
reduced plastic moment Mp, from Eq 3.3 is an
upper bound on the moment capacity of WF
beam-columns bent about the major axis. Note
that the axial load ratio P/Py is used both to
enter the interaction charts and to determine
Mpe.

Desiagn Aids Il and |l may be used for steels
with other values of Fj, by entering the curves
with an equivalent slenderness ratio from Eqg 3.6
and by modifying the end rotation 8 using Eq
B

The M-8 curves in Design Aid |l are based on
in-plane behavior only. |If the beam-column

moment exceeds the lateral-torsional buckling
moment capacity from Design Aid I, lateral
bracing must be provided to ensure in-plane
behavior. |f the beam-column is unbraced be-
tween its ends, the M- 6 curve is valid only for
moments less than the lateral-torsional buckling
moment. For an unbraced beam-column in
single curvature bending (¢ =—1.0), lateral-
torsional buckling a/ways limits the maximum
moment capacity to a value below the peak of
the M- 6 curve. In the more usual case of double
curvature bending (g =+1.0), the maximum
in-plane moment capacity of an unbraced beam-
column can frequently be attained without
lateral-torsional buckling, depending on the
minor axis slenderness h/ry and the axial load
ratio P/Py.

The behavior of beam-columns illustrated by
the M- 6 curves of Design Aid |1 will not develop
if a local buckle of the flange or web occurs. To
prevent an early occurrence of local buckling the
width-thickness ratio of the component parts
must be limited to certain values as shown in
Table 3.3.

TABLE 3.3
Specified
Minimum Flange Web
Yield b/t dfw
Point, Fy
70—100 P/Py
36 ksi 17.4 but need not be
less than 43
60—8b P/Py
50 ksi 14.8 but need not be
less than 36
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CHAPTER 4

Design of Supported Bents for Gravity Loads

4.1 INTRODUCTION

This is the first of several chapters which
illustrate the plastic design of a braced multi-
story building. Included in this chapter are a
description of the building to be designed and
the scope of the design example. This is fol-
lowed by an explanation of the design of a
multistory bent for full gravity loads. The
design calculations for the example described
here are grouped together in Chapter 8 for easy
reference.

4.2 DESCRIPTION OF BUILDING

The plastic design example concerns a 24-
story apartment building. Preliminary structural
plans are summarized in Fig. 8.1. The main
structural elements are 3-bay rigid bents with
AISC Type 1 (rigid) girder-to-column connec-
tions, spaced 24 ft. apart. The floor framing
includes a 2% in. lightweight concrete slab on a
corrugated steel form supported by open web
steel joists. Tie beams and spandrels between the
rigid bents are framed to the columns using
AISC Type 2 (simple) connections. This struc-
tural system causes column moments from
gravity loads to occur only in the plane of the
rigid bents.

Section A-A in Fig. 8.1 indicates an 8 ft. clear
ceiling height and a construction depth of 1 ft.-8
in. These give a story height of 9 ft.-8 in. except
in the bottom two stories where the height is
increased to 12 ft. A depth limitation of 14 in. is
set for the rigid frame girders to maintain a flush
ceiling in contact with the bottom chord of the
steel joists.

The numbering system used to identify mem-
bers in the design calculations is shown in Fig.
8.1. The column lines are numbered 1 to 4 and
the floor levels are numbered from the roof

down. The letters A and B designate individual
rigid bents.

The lower portion of Fig. 8.1 summarizes the
working loads. To simplify the numerical work,
the floor loads in the 8 ft. corridor are applied
over the full 12 ft. width of the interior bay
between column lines 2 and 3.

The intent of this example is to illustrate the
application of plastic design concepts to a
practical building problem. The framing in Fig.
8.1 is one of several practical structural solutions
for this building and should not be regarded as
an optimum structural system.

4.3 WIND BRACING

The size and shape of the building in Fig. 8.1
suggest that resistance to wind is an important
structural consideration. Vertical bracing is usu-
ally the most economical solution when archi-
tectural requirements permit its use. It is im-
portant to give early consideration to the inte-
gration of architectural and structural require-
ments so that a vertical bracing system can be
incorporated into the walls of a building. If
possible, the vertical bracing system should be
symmetrical in plan to avoid torsional effects.

The dashed lines on the floor plan in Fig. 8.1
indicate the vertical bracing system used in this
design example. Vertical bracing is located in the
exterior walls on column lines 1 and 4 to carry
wind loads acting on the short side of the
building. As an alternative, the exterior masonry
walls can be used to resist wind on the short side
of the building. The stiffness of these walls may
resist a portion of the wind shear even if vertical
bracing is provided. K-bracing is used in the
exterior bays of three rigid bents to resist wind
acting on the long sides of the building.
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The plastic design example considers the
design of the supported Bents A and braced
Bent B shown on the floor plan in Fig. 8.1. No
vertical bracing is provided in the supported
Bents A which are designed to carry only gravity
loads. Horizontal forces are transmitted from
Bents A by diaphragm action of the floor slab,
to Bent B. The K-bracing in the plane of Bent B
is assumed to resist the horizontal shears from
wind on a 96 ft. length of the building and to
provide the stiffness needed to resist in-plane
frame instability (PA effects, see Chapter 2 and
Art. 5.4) for three Bents A and one Bent B.
Interior partitions enclose the K-bracing.

it is assumed that wind forces parallel to
column lines 1 to 4 on the ends of the building
in Fig. 8.1 are resisted by the exterior walls or
by vertical bracing between bents, so that wind
in this direction does not influence the design of
Bents 4 and B. Resistance to out-of-plane
sidesway buckling of Bents A and B is provided
by the same bracing systems. Reference 6
discusses how the stiffness of walls may be used
to resist sidesway buckling.

4.4 SCOPE OF DESIGN EXAMPLE

The design example is organized into four
parts:

Part 1: Design of Supported Bent 4 for Gravi-
ty Load—Chapter 4

Part 2. Design of Braced Bent B for Gravity
and Combined Loads—Chapter b

Part 3: Design Checks for Bents 4 and
B—Chapter 6

Part 4: Design of Typical Connections—
Chapter 7

The calculations are arranged in a tabular
manual subroutine format, for ease of reference
and to suggest the potential for computer
subroutines. A condensed form of thecalcula-
tions can be adopted after attaining familiarity
with plastic design. The manual subroutines used
in each part of the design example are listed in
Tab. 8.1.

The emphasis in Parts 1 and 2 of the design
example is on the selection of members to

satisfy one or more design criteria which are
lixely to control. Design checks of the trial
members for other pertinent design criteria are
considered in Part 3.

The manual subroutines used in the design of
Bent A include Tables 8.2 to 8.8 and are listed
in Tab. 8.1. The major steps in the design are
summarized below.

1. Design the roof and floor girders for
factored gravity load in Tabs. 8.2 and 8.3.

2. Tabulate column load data and gravity
loads in the columns in Tabs. 8.4 and 8.5.

3. Determine the column moments for fac-
tored gravity load in Tab. 8.6.

4, Select column sections for factored gravity
load and investigate these sections for
in-plane bending and lateral-torsional buck-
ling under combined axial load and bending
in Tabs. 8.7 and 8.8.

These steps are described in Arts. 4.5 10 4.8.
The column design criterion is stated in Art. 4.7
and reviewed in Art. 4.9.

45 DESIGN OF GIRDERS IN BENT 4

The roof girders for Bent 4 are selected in
Tab. 8.2 and the floor girders in Tab. 8.3. The
criterion used in designing these girders is the
formation of a 3-hinged beam mechanism (Fig.
3.4) under uniformly distributed factored gravi-
ty loading. The end hinges form in the girders,
outside of the girder-to-column joints, so the
clear span Lg of the girders is used to find the
required plastic moment.

1.7 w Ey®
L 4.1
My, 75 (4.1)

Here, w is the uniformly distributed working
load on the girder which is multiplied by the
gravity load factor £ = 1.7. The required plastic
modulus Z = Mp/Fy is used to select the girder
sections.

It is assumed in Tab. 8.2 that the exterior
columns below the roof will provide a plastic
moment capacity {reduced for axial load) at
least equal to that of the exterior roof girders.



Article 6.3 of Ref. 1 describes a method for
redesigning the exterior roof girders when the
supporting columns have smaller plastic moment
capacities than the girders.

The floor girder design in Tab. 8.3 is similar
to that for the roof girders except that the
working loads are modified by live load reduc-
tions. The live load reducticn provisions of the
American Standard Building Code (Ref. 4, Sec-
tion 3.6) are applied in lines 5 to 8 of Tab. 8.3.

The girders selected in Tabs. 8.2 and 8.3 are
adequate for factored gravity load. These trial
sections will be checked for live load deflection
and lateral bracing requirements in Chapter 6.

46 COLUMN GRAVITY LOADS AND MO-
MENTS -BENT 4

The loading pattern that is likely to control
the size of the columns in Bent 4 is full factored
gravity load on all girders (F = 1.7). This article
is concerned with the determination of the axial
loads and moments in the columns for this
loading condition. Other gravity loading condi-
tions, consisting of various "‘checkerboard” live
load patterns on alternate floors and bays, will
produce different moment and end-restraint
conditions in the columns. The effect of
checkerboard loading on the columns is con-
sidered in Chapter 6. Here, it suffices to com-
ment that checkerboard loading does not govern
the column design in this example; it should be
investigated when the adjacent girder spans and
loads are nearly equal and the ratio of dead load
to total load on these spans is less than 0.75.

The column design begins with Tab. 8.4 in
which the column loads originating from the
roof and from each floor are determined. The
first 8 lines in this table are used to record
tributary floor areas and unit loads. Lines 9 to
13 include the calculations for the working load
in the columns below the roof. Lines 19 to 22
give the total dead load and live locad contrib-
uted by each floor.

The values are used to find the maximum
percent live load reduction, Max. R in line 23
(Ref. 4, Section 3.b). The limiting value of the
live load reduction is Max. R or 60 percent. Line
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24 gives the percent live load reduction below
level 2, based on the tributary floor area. When
this rule is applied below level 4, it is found that
the permitted live load reduction is controlled
by the 60 percent limit from levels 4 to 24. The
reduced live loads from the top three floors are
entered in lines 27 to 29 of Tab. 8.4. Line 30
gives the constant reduced live locad increment
from levels 5 to 24. The calculations in this table
are independent of the design method since the
same working loads are used in plastic design as
in allowable stress design.

COLUMN LOADS

The column dead and reduced live loads are
tabulated in Tab. 8.5, The first line of numbers
in this table is the load increment from one floor
which is constant between levels 5 and 22. For
example, the dead load increment of 34.6 kips
in Col. (1) is obtained from line 19 of Tab. 8.4.
The sum of the dead and reduced live loads gives
the working loads in Cols. (3) and (8) of Tab.
8.5. Multiplication by F= 1.7 and 1.3 vields the
factored loads needed in the plastic design of the
columns.

COLUMN MOMENTS

The columns must also resist bending mo-
ments which are determined in Tab. 8.6. The
sign convention and notation for moments on a
joint are indicated below the table. Positive
moments act clockwise on the ends of members
(or counter-clockwise on joints) and M; denotes
a moment about the center of the joint. The
additional subscripts A and B indicate moments
at the left and right ends of girders, while U and
L denote moments at the upper and lower ends
of columns. Equilibrium of moments on a joint
is then expressed by the equation

ZM; =0 or
Mjy + Mj;, = —(Mjq + Mjp + Mje) (4.2)

where Mje is the moment about the center of
the joint caused by eccentrically framed mem-
bers such as the spandrel beams. The right side
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of this equation represents the net girder mo-
ment on the joint.

Full factored gravity load may be assumed to
cause plastic hinges at the ends of all girders in
Bent A. Thus the girders apply known moments
to the joints. These girder moments do not
depend on the joint rotations because the girder
plastic hinges eliminate compatibility between
the end rotations of the girders and columns.
The sum of the column moments, M]—U + MjL,
above and below a joint is statically determined
from Eq. 4.2.

The moment at the center of a joint from the
girder to the left of the joint is

d,
M]'B = Mp + V7C (4.3)

where Mp is the girder end-moment (at face of
column), ¥ is the girder end-shear, and d, is the
column depth. Under factored gravity load the
girder end-moment Mg is taken as the required
plastic moment Mp from Eq. 4.1 and the shear
V = 1.7 w Lg/2. Then the girder moments at the
center of a joint are conveniently calculated
from

Mjp = Mp (1+4de/Lg)

(4.4)
Mjq = —Mp (1+4d./Lg)

These equations are valid for a girder that forms
a 3-hinged mechanism under uniformly distrib-
uted factored gravity loads.

Equations 4.4 are applied in lines 1 to 6 and
lines 9 to 14 of Tab. 8.6. The moments are then
summed according to Eg. 4.2 in lines 8 and 16.
At the roof, Mj;, = 0 so line 8 gives the column
moment Mjy. At joints below the roof, half of
the net girder moment is distributed to the
columns above and below the joint in line 17.
This distribution of column moments is a
reasonable estimate but may be revised, if
convenient, when the columns are designed. See
Art. 4.9. The results of the calculations in Tab.
8.6 are summarized in the column moment
diagram below the table, with moments plotted
on the tension side.

4.7 COLUMN DESIGN ASSUMPTIONS

The assumptions and design criterion for the
columns in Bent A are discussed in this article. It
is assumed that:

1. The WF columns are to be erected in two
story lengths with their webs in the plane
of the rigid bents.

2. Moments are applied only about the major
axis of the columns, with no biaxial bend-
ing permitted. For this reason AISC Type 2
(simple) connections are used between the
columns and the tie beams and spandrels.

3. Vertical bracing on column lines 1 and 4 at
floor levels, or the stiffness of exterior
walls, together with diaphragm action of
the floor slabs, are considered adequate to
prevent out-of-phase sidesway buckling of
the rigid bents.

4. No lateral bracing is provided for the
columns between floors. (This differs from
the assumption of laterally braced columns
in Ref. 1).

5. Moment resistance at the column bases is
conservatively neglected in the design of
the bottom story columns.

6. The columns are limited to 12 and T14WUF
sections to maintain uniform architectural
details and to simplify column splices.

The columns resist concurrent axial load and
bending moments and are termed beam-
columns. Chapter 3 lists the parameters that
may influence beam-column behavior. These
parameters include the major and minor axis
slenderness. The approximation ry, = 0.43d (for
the lightest rolled WF column sections in each
nominal size) may be used for a preliminary and
conservative estimate of A/ry. Based on the
assumption of 12WF columns in the 9.67 ft.
stories and 14WF columns in the lower 12 ft.
stories of Bent A, the major axis slenderness
ratio will not exceed 24.

The minor axis slenderness can be estimated
from the ratio rx/ry =~ 1.7 for heavy rolled WF
column sections. Thus, h/ry will not exceed 41
in the lower story columns where lateral-
torsional buckling may controi.



The end-moment ratio g, described in Fig.
3.11, is an important parameter in the design of
beam-columns because of its influence on the
end moment versus end rotation behavior (M- 0).
Full factored gravity load is considered to cause
double curvature (g = +1.0) in all columns of
Bent 4 except those in the top and bottom
stories where the end moment ratio g = 0 is
conservatively assumed.

The sum of the beam-column moment capac-
ities above and below a joint must equal or
exceed the net girder moment on the joint from
Eqgs. 4.2 and 4.4. This is the criterion to be
satisfied in the design for full factored gravity
load. The range of application of this column
design criterion depends on the M-0 behavior of
the beam-columns. This criterion will be dis-
cussed after the columns have been designed.

It is not necessary to apply the column design
criterion for full factored gravity load at every
joint in Bent 4 because of the equal floor loads
and because the columns are erected in two
story lengths. When the upper and lower seg-
ments of one column length have the same
unbraced height and end moment ratio, the
lower segment will provide the smaller beam-
column moment capacity because this segment
resists the larger axial load. This lower column
segment can be designed to resist half of the net
girder moment on the floor above the column
splice. The top columns should be checked
below the joints on level 2 and at the roof since
the segments below the roof are not bent in
double curvature.

4.8 DESIGN OF COLUMNS IN BENT 4

Trial A36 column sections can be selected
using the formula

P, =P+ 2.1 M/d but not less than JP (4.5)

where P = required axial load capacity, kips
M =required major axis end moment
capacity, kip-ft.
d = estimated column depth, ft.
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Py = AF,, kips
J=1.12 for F) = 36 ksi and h/ry <40
=1.18 for Fy =50 ksi and h/ryS-iO

This formula assumes that the beam-column
moment capacity is governed by Mp, from Eaq.
3.3 and is derived as follows:

Using Mpe =M in Eq. 3.3 gives

The ratio Mp/Py may be expressed as a function
of the depth d in the form

Mp _ZFy _Z2d (rc\? (47
Py,  AFy S \d

Then Eqg. 4.5 follows from the approximations
for most IF shapes, bent about the major axis

Z|S = 1.12
re/d = 0.43 48)

The term 2.1M/d in Eq. 4.5 represents an
“axial load equivalent’ for the major axis
moment. When this term is small compared with
P the resulting P/P), ratio approaches unity and
the beam-column moment capacity is controlled
by lateral-torsional buckling, instead of Mp.. See
Design Aid IlIl. Assuming the column has a
minor axis slenderness of 40 or less (Art. 4.7)
and must resist major axis moments of say 0.4
Mp, in double curvature bending (g = 1.0), the
maximum value of P/Py = 0.89 for A36 steel, so
Py should exceed 1.12P. This is the basis for the
qualification in Eq. 4.5. For Ab72 steel with Fy,
= b0 ksi and the same slenderness, the limit on
Py should be increased to 1.18P.

The value of J = Py/P in Eq. 45 may be
selected from the LTB charts in Design Aid |11
for other estimated values of h/ry, ¢, and
M/Mpc. For P[Py > 08 and ¢ =0, the LTB
curves for constant h/ry are relatively flat so the
value of J is not sensitive to the assumption for
M[Mpe.
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Trial column sections for Bent A are selected
in Tab. 8.7 using Eg. 4.5. The required axial
load and moment are entered in Col. (1). The
estimated column depth and the term 2.1M/d
are recorded in Col. (2). The required Py, and the
selected steel grade in Cols. (3) and (4) are used
to choose trial sections shown in Col. (B), from
Design Aid |. Alternate trial sections in A36 and
AB72 steel are included in the upper and lower
portions of Tab. 8.7,

Cols. (6) to (8) in Tab. 8.7 are not needed in
practice but are included to demonstrate the
effectiveness of the trial column selection
method. The two trial sections at each level in
Col. (5) provide Py values which bracket the
required P in Col. (3). The P/P), ratios and Mp,
values for the lightest column sections are
recorded in Cols. (7) and (8).

In the upper stories the lighter columns
provide Mp, values that are less than the
required moment capacity M (where M is based
on a b0 percent distribution of net girder
moment to the columns above and below each
joint). In most cases the difference between M
and Mp, for these lighter trial sections is
substantial. This suggests that an attempt to use
the lighter trial sections with a redistribution of
column moments is not likely to be valid;
redistribution is discussed in Art. 4.9.

In the lovver stories, the lighter trial sections
in Tab. 8.7 provide Mp, larger than M but the
larger P/Py ratios for these sections suggest that
their moment capacity may be limited by
lateral-torsional buckling. Subsequent calcula-
tions indicate that all but one of the lighter trial
column sections in Tab. 8.7 are not adequate.
The exception is the 14WF142 (A36) interior
column below level 20 which provides Py, nearly
equal to that estimated from Eq. 4.5.

The point of the preceding comments is that
trial columns selected to provide Py per Eq. 4.5
will usually be lower bound estimates of the
required column size for a given nominal depth.

The next step in the design is to investigate
the trial beam-column sections for their in-plane
bending and lateral-torsional buckling moment
capacities in Tab. 8.8. The first three tabular

columns are used to record the column data
known at the beginning of this investigation.
This data includes: the required axial load P and
moment M, column height 4, end moment ratio
q, trial section and steel grade. Cols. (4) and (5)
give Py, Mp, rx, and ry for the trial section from
Design Aid |. Alternate designs in A36 and Ab72
(Fy = BO ksi) steel are included in the upper and
lower portions of Tab. 8.8. The exterior and
interior columns are grouped on the first and
second sheets of this table respectively.

The beam-column calculations begin in Caols.
(6) and (7) of Tab. 8.8, which give the P/P),
MPC/MP, and slenderness ratios needed to enter
the interaction charts in Design Aid |ll. Note
that the slenderness ratios for the A572 steel
columns are modified by the coefficient
+/ Fy/36 per Eq. 3.6.

Design Aid 11l is used to find the beam-
column moment capacity in the form M/Mp,,
which is recorded in Tab. 8.8(8). The procedure
includes the following steps:

1. Select the correct pair of interaction charts
for the end moment ratio g. For values of ¢
between +1.0 and 0, or between 0 and
—1.0, conservative estimates of M/Mp, can
be obtained from the charts for ¢ = 0 or
—1.0 respectively.

2. Enter the lateral-torsional buckling (LTB)
chart with P/Py, and read M/Mpc from the
curve for h/ry.

3. Enter the in-plane bending chart with P/P)
and read M/Mp. from the curve for h/ry.

The smaller value of M/Mp. from steps (2)
and (3) indicates the beam-column capacity and
the mode that controls this capacity. Fre-
qguently, the interaction charts for columns in
double curvature bending give M/Mp, = 1.0.
This indicates that the moment capacity is
governed by Mp, from Eq. 3.3 and is not
affected by slenderness.

The beam-column check concludes with the
calculation of the maximum allowable moment
capacity M = (M/Mp¢) x (Mpe/Mp) x Mp in Tab.
8.8(8). The trial section is adequate for full
factored gravity load if the allowable moment
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capacity is at least equal to the required mo-
ment.

Separate checks for the top columns are
performed below level 2 and below the roof in
Tab. 8.8 because these columns resist different
combinations of axial load and moment. The
P[Py ratio in Col. (6) for the exterior columns
below the roof is less than 0.15, so Mpe/Mp =
1.0 for these columns.

The end moment ratio g = 0 and P/Py exceeds
0.9 for the trial 14WF167 (A36) exterior and
interior columns in the bottom story of Bent 4.
The result is that LTB limits the moment
capacity of these columns to less than 50
percent of the net girder moment at the joints
on level 24. When the bottom stery columns are
increased by one section to a 14F176 {A36),
P/Py is reduced to less than 0.9 with a substan-
tial increase in column moment capacity.

The exterior and interior AS72 columns
below level 24 in Tab. 8.8 illustrate a second
case where LTB requires an increase of one
section in the size of columns with an end
moment ratio g = 0.

Lateral-torsional buckling is less likely for
beam-columns in double curvature bending but
may still limit their moment capacity if P/Py
and h/ry are sufficiently large. This is illustrated
by the interior A36 steel columns below levels
12, 16 and 20. The LTB reductions in moment
capacity are sufficiently small that no increase in
column size is needed.

49 REVIEW OF COLUMN DESIGN

Several useful observations can be made from
a review of the beam-column investigation for
full factored gravity load in Tab. 8.8.

1. All columns with axial loads less than
0.8Py had moment capacities controlled by
Mpe.

2. None of the 12 double-curvature columns
(g = +1.0) in A36 steel had to be increased
in size because of LTB with axial loads up
to 0.91Py, although 3 of these columns had
some moment capacity reductiocn due to
LTE with P/Py in the range from 0.85 to
0.91.

3. All bottom story column sizes (g = 0) were
controlled by LTB,

4. All of the column sections selected using
Eg. 45 in Tab. 8.7 provided adeguate
moment capacities for full factored gravity
load. With one exception, the next lighter
column sections were not adequate.

These observations suggest the results to be
expected in many plastic designs for columns
with similar slenderness.

The range of application of the column deasign
criterion for full factored gravity load (Art. 4.7)
depends on the M-8 behavior of the beam-
columns above and below a joint. It is important
to understand how this M-8 behavior may
influence the maximum celumn moment sum as
indicated in the following discussion. It is
initially assumed that LTB does not limit the
beam-column moment capacity above or below
the joint.

Figures 4.1 and 4.2 will be used to describe
cases that may determine the maximum value of
the column moment sum. The girder moments
on the joint at the top of Fig. 4.1 are considered
constant in view of the girder plastic hinges that
form under full factored gravity load.

The top.and middle curves in Fig. 4.1
represent M-8 curves for the columns above and
below the joint with peak moments M; and M, .
The bottom curves give the sum of the column
moments Mj;, + M;y at any joint rotation 6.

The salient features of each case in Figs. 4.1
and 4.2 are:

Case 1. Both M-8 curves have a plastic plateau.
(MjL, + Mjy)max. = My + M,

This case occurs for most WF columns in
double curvature bending (g = +1.0) about the
major axis and for many columns with g = 0.
Limitations on axial load, slenderness, and yield
stress for Case 1 are stated later in this article.

Case 2. One M-0 curve does not have a plastic
plateau.

(Mj +Mjy)max. = My, +M, forf=20,
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This case may occur for slender lower story
columns with large axial loads and g = 0, for
example, in the bottom story. The M-8 curves in
Design Aid |l for g = 0 serve as a guide to define
the qualifications, slender and large axial load.

Case 3. Both M-8 curves have no plastic plateau
but the peak moments occur at nearly
equal joint rotations.

(M]L +M]U)max %MI +M2 fOrBl R—"'g 2

This case may occur for columns with nearly
equal axial loads, slenderness, and end moment
ratios above and below the joint if 0 > g >
—1.0. See Design Aid I1.

Case 4. Similar to case 3 but the peak moments
occur at substantially different joint
rotations.

(Mj1, + Mjy)max, < My + M, for § between
0,andf,

This infrequent case may occur when g < 0
and the axial loads, or slenderness, or end
moment ratios above and below the joint are
dissimilar. The column moment sum at 8 =8,
is a convenient lower bound estimate of (M;f, +
M;y) max.

Case b, LTBE limits both the moment capacity
of one column and the joint rotation.

(M]L +M]'U)max_ = M1 +M2

(M]'L+MjU)max_ = M; + M, for8 =0 B

where M, is the LTB moment for the lower
column from Design Aid Ill, 8z 78 is the joint
rotation for Mjyy = M4 from Design Aid [, and
M, is the end moment for the upper column at
O = O8r7p from Design Aid Il. This case occurs
for heavily loaded, laterally unbraced columns
with g = O (for example, bottom story columns
with no base restraint) and for columns in single
curvature, g = —1. See Design Aid |11.

In Case b, if the joint rotation exceeds 07 7B
the column end moment below the joint de-

pends on the post lateral-torsional buckling
behavior of the beam-column. This type of
beam-column behavior is not well understood at
present, which is the reason for the conservative
design limitaticn 0 << 81 7pB.

These five cases do not exhaust all possible
combinations but they do clearly indicate how
the shape of the M-8 curves governs the maxi-
mum column moment sum at a joint. Note that
a plastic plateau is desirable but not necessary in
plastic design.

Example 4.7—This example describes the
combination of M-6 curves to determine the
maximum column moment sum at a joint. The
three columns, designated by A, B and C in
Table 4.1, correspond to Cases 1, 3 and b in
Figs. 4.1 and 4.2.

Each column is two stories high and uses the
same section, a 12WF120 in A36 steel. Each
column carries a factored axial load of 890 kips
(P/Py = 0.70) in the upper story and 1017 kips
(P/Py =0.8) in the lower story. The Mpc values
for these axial moment diagrams and minor axis
bracing conditions vary as indicated in Table
4.1. The data in this table was selected for ease
of reference to the M-8 curves in Design Aid I,

The maximum column moment sum, Mj, +
Mjy. that is available to resist the girder mo-
ments on the middle floor joint is to be
determined. Plastic hinges are assumed at the
ends of the girders that apply the major axis
column moments, The axial load, slenderness,
and end moment ratios that determine the major
axis in-plane bending behavior of the columns
are recorded in Lines 2 to 4 of Table 4.1.

Columns A and B—These columns, with
minor axes braced to prevent LTBE, reach their
maximum moment capacity in the in-plane
bending mode. The peaks of the M-8 curves in
Design Aid Il give the values of max. M/Mp. and
end rotation @ in Lines 5 and 6 of Table 4.1.
The peak moments M, for the upper column
and M, for the lower column in Line 7 are
obtained using the Mp, values recorded with the
axial loads in Table 4.1. Line 8 gives the
moment sumM; + M, .



The column moment sum in Line 8 was
obtained without regard for the different joint
rotations corresponding to M; and M,. The
ability of the columns to resist M; + M,
depends on the shape of the M-8 curves. The
top and middle diagrams in Figs. 4.3 and 4.4 are
M-8 curves from Design Aid |l for the upper and
lower stories of Columns A and B. The bottom
diagram in these figures gives the column mo-
ment sum versus the joint rotation at the middle
floor.

Fig. 4.3 for Column A shows that both M-6
curves have a plastic plateau (Case 1). In this
case the individual peak moments M, and M,
can be added without regard for the joint
rotation to obtain the maximum column mo-
ment sum.

In Fig. 4.4 for Column B, both M-8 curves
have rounded peaks that occur at different joint
rotations 8, and 0,. Hence, M, + M, over-
estimates the maximum column moment sum
that can be resisted. However, 8, and 8,
do not differ by a large amount (Case 3) and the
maximum column moment sum of 292 kip ft. is
only slightly less than M, + M, = 298 kip ft.

Column C—The lower story of this column,
with no lateral bracing between floors, reaches
its maximum moment capacity in the LTB
mode. The LTB moment, denoted by M,, is
determined from Design Aid Il using the P/Py,
q, and h/ry values in Lines 2, 4, and 9 of Table
4.1. The result iqulMpc =0.66 in Line 10. The
joint rotation when the lower column attains its
LTB moment is 6 7 7p = 0.0021 radians in Line
11 and is obtained from Design Aid Il. The
moment M5 for the upper column at 8 = 6178
is also obtained from Design Aid Il with the
result M3/Mpe = 0.79 in Line 12. Multiplication
by Mp, gives the column moments in Line 13.
The maximum column moment sum M5 + M, is
recorded in Line 14.

The diagrams for Column C in Fig. 4.5 show
how LTB reduces the maximum column mo-
ment sum. The dashed portion of these graphs
represents in-plane behavior in the absence of
LTB. The top and middle diagrams are M-0
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curves from Design Aid Il for the upper and
lower stories of Column C. The bottom curve
gives the column moment sum at the middle
floor joint versus the joint rotation.

The upper story of Column C, if considered in
isolation, could attain its full in-plane moment
capacity of Mp. with no reduction for LTB
according to Design Aid |il. However, the LTB
moment for the lower story column is conserva-
tively assumed to limit the joint rotation at the
middle floor to 8 < 6 1pg. (Current research at
Lehigh University suggests that it may be
possible in future recommendations to modify
this limitation on joint rotation). Thus, LTB in
the lower story limits column moments in both
the lower and the upper stories.

Example 4.1 illustrates an optional refined
procedure for distributing column moments in
the inelastic range based on equilibrium and
compatibility requirements. This procedure is
extended to include elastic girder restraints in
Ref. 1. The complete moment-versus-rotation
graphs in Figs. 4.3 to 4.5 are included here to
illustrate ideas but are not needed in such detail
for routine design.

It is helpful to establish limits on beam-
column parameters that conserve the plastic
plateau portion of the M-6 curves. Laterally
braced A36 steel W beam-columns bent in
double curvature about the major axis with P/Py
< 09 and A/ry < 40 may be considered to
provide an adequate plastic plateau. For AB72
steel (Fy = 50 ksi) the slenderness limit should
be adjusted to a/ry < 34.

At the upper limits on P/P, and h/rx the
plastic plateau is modified, but the maximum
in-plane moment does not vary significantly
with the column end rotation,

For example, see Design Aid Chart |17 for
P[Py = 0.9. The curve for afry =20 and g = 0
also represents the M-8 curve for h/ry =40 and
double curvature bending (g = +1.0). This curve
gives moments varying from M/Mp, = 0.93 to
0.97 in the range 0.0033 < 6 < 0.010. The
small wvariation in moment for a three-fold
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range in rotation is inconsequential for most
practical purposes.

The beam-column investigation in Tab. 8.8
indicates that the above limits on P/Py, and h/rx
are satisfied for all of the double curvature
columns. The M-8 curves for these columns may
be assumed to provide an adequate plastic
plateau such that the maximum column moment
sum at each joint is:

1.the sum of the individual beam-column
moment capacities
2. independent of the joint rotation.

Hence, no detailed consideration of the M-6
curves is needed in the design of the columns in
Bent 4 for full factored gravity load. The effect
of checkerboard live loads will be checked in
Chapter 6.

An assumption used in the column design for
Bent A is that b0 percent of the net girder
moment on a joint is distributed to the column
below. This assumption is conservative if the
columns above and below the joint have similar
Py, slenderness, and end moment ratios. Under
these conditions, the peak moment M, is less
than M, in Fig. 4.1 because the lower column
resists a larger axial load.

In the linear elastic portion of the M-8 curves,
the M-6 slope determines the column moment
distribution. The elastic M-0 slope depends on
the column stiffness I/h and the end moment

ratio g. The effect of a plastic plateau in the
column M-8 curves is to redistribute the column
moments in proportion to Mp¢ asshown in Fig.
4.1(c). The column design can be modified to
take advantage of this plastic behavior by
assuming that the column below a joint resists
less than b0 percent of the net girder moment. If
the sum of the beam-column moment capacities
above and below the joint is at least equal to the
net girder moment, the design is adequate.

A comparison of the Mp, values in Tab.
8.7(8) with the required moment M (based on
the B0 percent distribution assumption) indi-
cates whether it is worthwhile to consider a
redistribution of the column moments. If Mpe >
0.8M it may be possible to use the lighter
sections in Col. (B). This condition does not
occur in the column design for Bent A.

The procedure for determining the maximum
column moment sum when LTB limits the joint
rotation and moment capacity of one column
(Case b, Fig. 4.2), can also be applied when the
LTB moment for one column is less than 50
percent of the net girder moment on the joint.
Redistribution of column moments is a design
refinement in the direction of economy but it is
not a mandatory design requirement.

The results of the tentative design of sup-
ported Bents 4 are summarized in Fig. 8.2.
These are checked in Chapter 6.
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CHAPTER 5

Design of Braced Bents for Gravity and Combined Loads

5.1 INTRODUCTION

This chapter illustrates the design of braced
Bent B in the multistory building described in
Chapter 4 and Fig. 8.1. This is Part 2 of the
design example referred to in Art. 4.4,

Bent B must provide adequate strength to
resist both factored gravity and factored com-
bined (gravity plus wind) loads. This bent must
also be stiff enough to keep the wind drift
within acceptable limits.

It is not immediately evident whether
strength or stiffness requirements will govern the
design of a braced bent. The designer can choose
one of these requirements as the basis for
selecting member sizes and check the remaining
requirements,

The slenderness of the vertical bracing system
is an important parameter in indicating whether
strength or stiffness requirements will govern the
design of a braced bent. The term slenderness
refers to the ratio of the total height of the bent
hs to the distance L between the columns in the
braced bays. For Bent B, h; = 236.7 ft. and L =
27.0 ft. in the exterior braced bays so h;/L =
8.8. This ratio suggests that the vertical bracing
system in Bent B is relatively slender and that
stiffness is an important design consideration. If
the slenderness were b, strength requirements
would be more likely to control the design.

The design of Bent A4,described in Chapter 4,
illustrates many features of the plastic design
method when strength is the controlling crite-
rion. The design of Bent B in this chapter
indicates how stiffness criteria can be used to
select member sizes. Chapter 6 describes
methods for checking design requirements not
considered in selecting member sizes.

The manual subroutines used in the design of
Bent B include Tabs. 8.9 to 8.20 and are listed

in Tab. 8.1. The major steps in the design are
summarized below.

1. Design the braced floor girders in the
exterior bays for factored gravity load in
Tab. 8.9.

2. Tabulate gravity loads for the columns in
Tabs. 8.10 and 8.11.

3. Determine the axial forces in the girders,
columns and K-bracing of the vertical
bracing system caused by factored com-
bined load. This step is referred to as the
combined load statics calculation and is
performed in Tabs. 8.12 to 8.15.

4, Select columns for chord drift control
under factored combined load in Tab. 8.16.

5. Select girders for plastic strength under
factored combined load in Tab. 8.17.

6. Select the K-bracing for web drift control
and strength criteria under factored com-
bined load in Tabs. 8.18 and 8.19.

7. Check the story rotation and drift in Tab.
8.20.

ltems 1, 2, 3 and b are necessary steps in the
design of a braced bent regardless of whether
strength or stiffness is the controlling require-
ment. Items 4 and 6 apply stiffness criteria to
select member sizes. If strength requirements are
chosen as the basis for selecting columns and
bracing, portions of steps 4 and 6 would be
applied in the design check phase.

An important feature of the plastic design
method for braced multistory buildings is the
influence of drift on the stability of the building
under factored combined load. This topic is
treated in Arts. 5.4, 5.5 and 5.11. The stiffness
criteria applied in Steps 4 and 6 above are
described in Arts. 5.6 t0 5.10.
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5.2 DESIGN OF BRACED FLOOR GIRDERS
FOR GRAVITY LOADS

Gravity load causes axial forces in the K-
bracing and girders in Bent B. The K-bracing
affects the gravity load mechanism behavior of
the girders in two ways:

1. The K-bracing supports the girders at mid-
span.

2. The girder axial force and vertical deflec-
tion produce secondary girder moments in
addition to those caused by gravity loads.
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FIG. 6.1 GRAVITY LOAD MECHANISMS FOR GIRDERS
WITH K-BRACING

A complete analysis of the interaction be-
tween K-bracing and girders is not required for
design practice. The design can be simplified by:

1. Determining the mechanism behavior of
the girder and K-bracing system disregard-
ing secondary deflection effects.

2. Designing the girders as laterally loaded
beam-columns to resist the moments and
forces from Step 1.

Figure 5.1(a) shows the axial bracing force Py,
with vertical and horizontal components Py
and Ppgy. The bracing forces applied to the
girder include a vertical force 2Py at midspan
and an axial force P, = —Ppp. The girder also
supports the uniformly distributed factored
gravity load Fw. Fig. b.1(b) shows the gravity
load mechanism assuming that the K-braces are
elastic under factored gravity load. This assump-
tion is satisfied if the braces do not vield under a
vertical load

. ~ Fng 1
bV - 4 (.1)

where Lg is the clear girder span. The girder
moments are

Fw (0.5 Ly)?

5.2
My = — (5.2)

If each brace has an area Aj, and yield stress F),
the maximum vertical bracing force is limited to

h
Pyy = Abe J_E; (5.3)

The minimum bracing area needed to prevent
yielding of the brace is found from Egs. 5.1 and
5.3 in the form

FWLng

Min. A =
g 4F b

(5.4)



The floor girders and K-bracing required for
factored gravity load are designed in Tab. 8.9.
The K-bracing geometry calculations shown with
this table are based on centerline dimensions to
avoid cumulative column load errors in subse-
quent statics calculations. The table includes
separate tabular columns for the girders on levels
23 and 24; the story height and K-bracing
arrangement change at these levels. The midspan
girder reaction at level 24 is assumed to be
distributed equally to the K-bracing above and
below this level. The bracing design is not
sensitive to this assumption because of the larger
bracing forces at level 24 under combined load.

The first 6 lines in Tab. 8.9 give the gravity
loads on the girders. The live load reduction in
line 4 considers one-half of the floor area
supported by the girder, based on the mecha-
nism in Fig. 5.1. The bracing forces due to
factored gravity load are determined in lines 7 to
9. The minimum bracing area Ay = 1.34 sq.in.
for incipient yielding in line 10 is likely to be
exceeded by the bracing supplied.

The next step is to design the girders as
laterally loaded beam-columns: Two meathods
are available for checking the capacity of trial
girder sections as laterally loaded beam-
columns.”? These methods include inter-
action eguations and interaction charts. The
interaction equation is

P C
— m__ Fo . qp (5.5)
Poy " (1=P/Pyy) 'w,

where P = factored axial load
P, = major axis concentric buckling
load from Eq. 3.4
P, = major axis Euler buckling load
from Eq. 3.9
Fw = uniformly distributed factored
gravity load
wp =16 M,/L,?
Cypy =1 —0.4P/P,, (see Table
C 1.6.1.2 in Ref. 3)
The values of Wp and C,, apply for a member
with span Lg between fixed supports and plastic
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momeant Mp. For practical purposes, the girders
in Bent B are considered to have fixed supports
and a span of O.5Lg.
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FIG. 5.2 ULTIMATE STRENGTH INTERACTION CURVES
FOR FIXED-END COLUMNS SUBJECTED TO
UNIFORMLY DISTRIBUTED LOAD. (from Ref. 7)

The interaction chart” in Fig. 5.2 may be used
in place of Eg. b.b. This chart is based on
numerical integration of M-P-® curves (similar to
Fig. 3.10) including residual stress effects and
secondary moments due to axial load and
deflection. The curves in Fig. 5.2 indicate
concurrent ultimate load values of axial load
(P/Py) and lateral load (Fw/wp) for beam-
columns with specified major axis slenderness
Lg/rx.

Similar values of Fw/wp are obtained from
Eg. 5.5 and Fig. b.2 for a given beam-column
problem. The interaction equation tends to be
more conservative than the theoretically derived
interaction curves according to Ref. 7.

The design problem is to select (rather than
check) a trial girder section with adequate
beam-column capacity. This problem can be
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simplified for A36 steel beam-columns with
Lg/rx < 40 or for Fy = b0ksi with Lg/rxé. 34. In
this slenderness range, the coefficient of Fw/wp
in Eqg. 5.5 can be taken as unity and Pox/Py =
0.91 from Eq. 3.b. These substitutions reduce
Eg. 5.5 to the linear form

1.10P£ +8 _1g (5.6)
y Wp

This formula closely approximates Eq. 5.5 for
A36 steel with Lg/rx = 40 and is represented by
the dashed line in Fig. 5.2.

The terms Fw and wp are conveniently
converted to moments by the equations

FwL,? -
g 16 ;
and,
W l.*
p-g
= 6.8
M, 15 (5.8)
Then Eq. b.6 can be rearranged to
_ My

y

Using Egs. 4.7 and 4.8 to approximate MpPy for
WF shapes bent about the major axis gives the
design eqguation

My, = Mg + 0.46 Pd (56.10)

where M,, = required plastic moment capacity
for the laterally loaded
beam-column, kip—ft.

= plastic moment for a mechanism
in the absence of axial load
per Eqg. B.7, kip—ft.

P = factored axial load, kips

d = estimated depth, ft.

My

The second term in Eq. 5.10 represents a
“moment equivalent” for the axial load that
depends on the estimated depth d. If the
estimate for d is appropriate, a WF section with
plastic moment Mp and depth d can be selected
from a plastic section modulus table. The
section will satisfy Eq. 5.5 if Lg/rx < 40 for A36
steel beam-columns with fixed ends, so no check
is needed. If Lg/rx exceeds this bound, it is
advisable to select a trial section with M
somewhat larger than the value from Eq. 5.10
and to check the trial section using Eg. 5.5,
Some decrease in Mp for the trial section below
the value given by Eq. 5.10 can be accepted for
decreasing values of Lg/ry.

Equation 5.10 is applied in Lines11 to 15 of
Tab. 8.9 to select girders for the K-braced bays
in Bent B. The moment M, in line 11 is based on
the span 0.5 L, for the mechanism in Fig. 5.1.
The major axis slenderness in Line 18 is less than
40 so no further beam-column check is needed.
The web d/w in Line19 is less than 43; hence, the
trial A36 10B19 section is adequate for web
buckling under axial load. A 12B16.5 might also
be selected to provide Mp = 62.7 kip-ft. from
Eqg. 5.10 with d = 1.0 ft. However, the web of
this section is not adequate for web buckling
under axial load according to Table 3.3. Web
buckling should be investigated for A36 shapes
with d/w > 43 that must resist axial load.

5.3 COLUMN GRAVITY LOADS

The K-bracing in Bent B modifies the tribu-
tary areas for the columns as shown in Fig. 5.3.
This figure indicates the portions of full floor
and roof loads that produce axial load in
selected columns. Figures 5.3(a) and (b) show
that the columns below the roof must resist
floor loads from one quarter of the exterior bay
on Level 2. The floor areas that are the source of
the column load increment below Level 2 are
shown in Figs. 5.3(c) and (d). The increment of
column live load from the floors is the same in
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FIG.5.3 TRIBUTARY AREAS FOR COLUMNS IN BENT B

Bents 4 and B except for the columns below the
roof and below Level 24.

The column load calculations for Bent B in
Tab. 8.10 are arranged to consider the tributary
areas of Fig. 5.3. Lines 9 and 10 give the vertical
floor loads resisted by a pair of K-braces. These
loads are used in lines 14 and 15 to determine
the column loads below the roof, per Fig. 5.3(a)
and (b). A small live load reduction could be
applied to the loads in line 15 but this is
neglected to simplify the design example.

The gravity loads for the columns in Bent B
are determined in Tab. 8.11 using the same
format as for Bent A. Calculations for the load
increment below Levels 23 and 24 are included
below Tab. 8.11. These calculations account for
the change in story height and K-bracing
arrangement at the bottom of Bent B.

5.4 DRIFT CONSIDERATIONS

Horizontal deflection or drift under combined
load is a primary consideration in the design of
slender braced multistory bents. Working lcad
drift limits of about A, = 0.00254,, based on the
bare frame deflection have been used in the past
and can provide acceptable horizontal frame
stiffness. The deflection of the completed
building will be less because cladding
contributions to stiffness are neglected. This
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drift limit is an empirical, approximate method
of controlling the dynamic response to wind and
of limiting partition cracks.

The drift under factored combined load may
influence the strength and stability of the
building. Recognition of this feature of
structural behavior is an important conceptual
contribution of plastic design.
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FIG. 5.4 EFFECT OF DRIFT ON COLUMNS

The effect of drift on the columns in a braced
bent will be discussed with the aid of Fig. 5.4. In
this figure, P is the axial load and A is the drift
under factored combined lcad in one story of
height 4. Figure 5.4(a) shows column moments
M4 and shears Q o that are needed to hold the
column in equilibrium under load P and drift A.
These moments and shears carry the subscript A
to emphasize that they act in addition to the
column moments and shears caused by gravity
load and wind. The combined effect of M, and
Q4 is to balance the overturning moment

PA=Qxh+2M, (6.11)

The M, moments must be resisted by
adjacent girders and the Q. shears must be
resisted by wvertical or inclined structural
members in the story.
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The portions of PA resisted by Q, and M,
may vary. However it is possible to establish
useful bounds, Max Q, and Max M4, on these
shears and moments by assuming that only one
of them is active as in Fig. 5.4(b) and {(c).
Alternate paths for resisting the PA moment are
provided by

Max. @, = P% (5.12)
and,
Max. M , =%PA (6.13)

At this point, it is helpful to describe a major
difference between a braced and an unbraced
building.

In a braced building, the floor slab and the
bracing in vertical planes provide an effective
path for resisting shear in each story of each
bent. This is true both for the shear due to wind
and for the Q, shears caused by the PA
moments. Hence the @,k term in Eqg. 5.11
tends to balance most of the PA moment. To
simplify the design of braced buildings, it is
conservatively assumed that all of the PA
moments are balanced by Q, shears per Fig.
5.4(b) and Eg. 5.12. These Q4 shears are
transmitted to the braced bents by the floor slab
and resisted by the vertical bracing system.

In an unbraced building, all resistance to shear
is considered to be provided by bending of the
columns and girders. The sum of the column
shears in a story equals the wind shear; there are
no other structural members available to resist
shear. If the PA moment in one column is
balanced by a shear Max. Q, as in Fig. 5.4(b),
the remaining columns must resist this Max. @ ,
in addition to their own PA moments. Hence,
the Ma term in Eg. 5.11 functions alone in
balancing the PA moments. This is the condition
considered in Fig. b.4{c) and Eqg. 5.13.

In summary, the PA moments in the columns
of a braced building are considered to be
balanced by Q, shears in the vertical bracing
system. The PA moments in an unbraced
building are balanced by column and girder
moments.

The combined load statics calculations for
Bent B, described in Art. 5.5, use Eg. 5.12 to
estimate the PA shear in each story. The story
drift under factored combined load is not
known when the design commences so it is
necessary to estimate a value for the drift index
A/h. If the acceptable working load drift index
of 0.0025 is factored by 1.3 and allowance is
made for additional drift due to PA effects, the
drift index under factored combined load is
assumed to be 0.004. The design example based
on a drift index of 0.004 at factored load will be
shown to have a drift index close to 0.0025 at
working load.

55 COMBINED LOAD STATICS CALCU-
LATIONS

The next design step is to determine the axial
forces in the vertical bracing system including
the girders, columns and K-bracing in Bent B
under factored combined load. To simplify this
step, Bent B is considered to consist of two
pin-connected, vertical, cantilever trusses, which
are pin-connected by the girders in the interior
bay. Maore refined structural assumptions, such
as including the effects of interior girder
restraints, may be advantageous but are not
applied here in the interest of brevity. Each truss
is assumed to resist one-half of the total shear in
each story from three Bents A and one Bent 5.

The horizontal shears resisted by Bent B are
determined in Tab. 8.12. Cols. (1) and (2) give
the wind forces and wind shears at working load
(F =1.0) from the 96 ft. length of the building
braced by Bent B (see Floor Framing Plan in
Fig. 8.1). The combined load factor F = 1.3 is
applied in Col. (3) to find the factored wind
shears ZH below each level. The bracing system
in Bent B must also resist the PA shears (Eq.
5.12) from three Bents A and one Bent B. The
PA shears are proportional to the total factored



gravity loads ZP on these four bents. Cols. (6)
and (7) list ZP and the PA shears below each
level. The PA shears are based on an assumed
drift index A/h = 0.004 in every story. (See Art.
54 and 5.11) Tab. 8.12(8) gives the total
factored shears due to wind plus PA.

Py =ZH+0.004ZP (5.14)

These are the shears to be resisted below each
level of Bent B.

The axial forces in the girders and columns of
Bent B under factored combined locad are
determined in Tab. 8.13. Col. (1) gives the total
shear Py below each level from the preceding
table. Most of the horizontal forces resisted by
the vertical bracing system in Bent B are
transmitted to this bent through the floor slab.
To simplify the statics calculations it is assumed
that the horizontal forces are applied to the
pin-connected trusses at the midspan K-brace
joints in the braced bays. The horizontal
component of the K-brace force due to wind
plus PA is recorded in Col. (2). Each K-brace
resists one-fourth of Py. Gravity load on the
girders also causes bracing forces with horizontal
components in Col. (3). The forces in Col. (3)
are obtained from the gravity load analysis in
Tab. 8.9(8) with a load factor adjustment. The
axial girder loads P, in Tab. 8.13(4) are the sum
of the horizontal bracing forces due to gravity
and wind plus PA.

Wind load causes equal and opposite vertical
force components in each pair of K-braces.
Hence, the girders do not resist any vertical
force from the K-bracing due to wind. This
assumes that the K-bracing does not yield in
tension or buckle in compression under factored
combined load.

The vertical component of the K-brace force
due to wind plus PA below each level is listed in
Tab. 8.13(6). The vertical components are
surrmed from the roof down in Tab. 8.13(7) to
give the axial loads in the columns (truss chord
forces) due to wind plus PA. These column loads
cause tension in windward chords and
compression in leeward chords of the two
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cantilever trusses in Bent B. The compression in
the leeward chords is added to the factored
column gravity loads from Tab. 8.11 to deter-
mine the total compressive column loads under
factored combined load in Tab. 8.13(8) and (9).

The calculations in Tab. 8.14 provide a check

on the axial column loads in Bent B caused by
wind plus PA. The first three steps determine

the uniformly distributed horizontal load
wg = Fwy, +w, (5.15)

resisted by the two cantilever trusses. To ap-
proximate the overturning moment due to PA
an equivalent horizontal load w , is added to the
factored wind load Fw,,, where

—i zop (5.16)

a T T

The term Z6P is the total factored gravity load
increment applied at each level including column
live load reductions. With A/ = 0.004, Eq. 5.16
gives w, = 0.36 kips per ft., which is 14.4
percent of the factored wind load Fw,, = 2.50
kips per ft. in Tab. 8.14. This is a measure of the
influence of estimated PA effects in this design
example. The portion of the story shear caused
by PA is a significant but not a dominant
contribution.

Steps 4 to 6 in Tab. 8.14 show calculations
for the cantilever forces and moments at Level
24. The horizontal shear checks with the value
in Tab. 8.13(8) below Level 24 and the axial
column loads are in reasonable agreement with
the values obtained from summing the vertical
bracing force components in Tab. 8.13(7). The
K-brace slope ratio #/0.5L in Tab. 8.13(5) is a
factor in the column load calculations. This ratio
should be based on centerline dimensions of the
braced bay to avoid cumulative errors in the
column loads. This is verified by the check in
Step 6 of Tab. 8.14.

The axial forces in the K-bracing under
factored combined load are determined in Tab.
8.15. The axial forces due to wind plus PA in
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Col. (2) may act in tension or compression,
depending on the wind direction. The axial
tension in the K-braces due to factored dead
plus live gravity load in Col. (3) is obtained from
the gravity load analysis in Tab. 8.9(9) with a
load factor adjustment. The combination of
tension due to dead plus live gravity load and
wind plus PA gives the maximum K-brace
tension in Col. (5). The minimum K-brace
tension due to factored dead gravity loading is
obtained in Col. (4) as the ratio D/(D+L) times
Col. (3). D and L are the girder dead and
reduced live loads from Tab. 8.9. The combina-
tion of minimum tension due to gravity dead
load and compression due to wind plus PA gives
the maximum K-brace compression in Col. (6).
It is pertinent to note that the maximum
K-brace tension in Tab. 8.15(b) is at least 40
percent larger than the maximum K-brace com-
pression in Tab. 8.15(6), above Level 23, This is
because gravity load tension tends to offset the
compression due to wind plus PA when the
K-brace V' points downward. |f the K-brace
design is controlled by strength (rather than
stiffness) considerations, this effect will tend to
reduce the required K-brace size because axial
forces are more efficiently resisted in tension
than in compression. Several factors favor K-
bracing over diagonal bracing in Bent B:

1. The total length of K-bracing is smaller. In
one 9.67 x 27.0 ft. panel of Bent B, the
K-bracing has a length of 2 x 16.6 ft., while
diagonal bracing would have a length of 2 x
28.7ft.

2. The maximum tension in K-bracing is
smaller. Tab. 8.15(5) gives a K-brace ten-
sion of 223 kips below Level 22. A diagonal
brace at this location would have to resist

Py = @ X ﬁz = 321 kips, tension

3. K-bracing reduces the axial force in the
braced bay girders. Tab. 8.13(4) indicates
an axial load of 181 kips in the girder on
Level 22. Diagonal bracing would cause an
axial load of 302 kips in this girder.

4. K-bracing reduces the effective span of the
girders as indicated in Art. 5.2. Diagonal
bracing in Bent B would increase the girder
weight by a factor of about 2.

Other possible advantages of K-bracing are
related to architectural access in braced bays and
superior drift characteristics. Further experience
with plastic design should indicate how either
K-bracing or diagonal bracing can be used to the
best advantage.

5.6 DRIFT EQUATIONS

The next step in the design of Bent B involves
consideration of drift. This article describes drift
equations for the pin-connected vertical bracing
system.

Drift of a braced bent under combined load is
conveniently considered in two parts: web drift
due to axial force in the bracing and girders, and
chord drift resulting from axial force in the
columns. Only that part of the axial force
caused by wind plus PA is included in the drift
analysis.

The axial change in length, e, for a member
with a length /, and area A caused by an axial
load P is

Pl 3
e 3 for P, 0.7

This form of Hooke's Law is a reasonable
approximation for members that form plastic
hinges if the plastic zones are confined by
adjacent elastic regions. The limit on P/Py in Eq.
5.17 insures that residual stresses up to 0.3 Fy
will not increase the axial displacement.

Drift equations for the K-bracing, girders and
columns of Bent B are developed in Fig. 5.5 (3,
b, c). In each figure one pair of members is
considered to change length by an amount e
from Eq. 5.17 while the other members retain
their original length. This is done to simplify the
geometric relationships between e and drift A.
The subscripts b, g and ¢ denote bracing, girder
and column respectively. The axial forces Py, Py
and P, due to wind plus PA are of equal value
and opposite sign in each pair of members.
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The three drift components are combined in
Fig. B.5(d). In the deflected shape shown by
solid lines, the length of each member is its
original length plus or minus e from Eq. 5.17.
This figure geometrically demonstrates that the
drift components can be added without violating
compatibility for the truss panel.

The drift equations in Fig. 5.b are based on
Hooke's Law and geometric compatibility.
These same equations can also be obtained from
a virtual work analysis. The only approximations
inherent in these equations are those normally
made in the deflection analysis of pin-connected
trusses.

Rather than determine the drift, it is con-
venient to work with the rotation R = A/h in
radians. From Fig. 5.5 the rotations due to web
drift are:

Py 2Ly?
K-bracing Ry = E (5.18)
b
Gird R, -—& 2k (5.19)
irders et !
g Ag Eh

These equations apply to K-braced panels. They
can be used for diagonal bracing by replacing the
coefficients 2 and 0.5 by unity.

Note that web rotation, Fig. 5.5(a, b), is
limited to the story under consideration. How-
ever, chord angle change, Fig. 5.5(c), affects
both the story under analysis and every story
above. If the columns have equal areas 4,, the
chord angle changes are:

Chord angle change B Pe op

in story = A, EL 1620
P

Chord angle change o =-C 2h (5.21)

above story @ A, EL
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Although these formulas give identical values, it
is useful to consider them as fundamentally
different. The chord force P, and angle change
a, above a story are independent of the web
bracing system so, Eq. 5.21 is valid for K-bracing
or diagonal bracing. Equation 5.20 applies to
K-bracing with the brace "V pointing down-
ward, but can be used for diagonal bracing by
substituting unity in place of the factor 2.

The K-brace V" points upward in the
bottom story of the bent in Fig. 5.6,s0 Eq. 5.20
does not apply. Chord drift does not occur in
the bottom story but every story above rotates
through an angle o, from Eq. 5.21. Above a
given level, the chord rotation is

Gay + Cgy + gy + Qg

A
R = 0+ EO{a = h_ (6.22)
Reshs
Reahy
Reyh,

- Rey = Qg + Ogg + Qgy + @

‘Rcz=aa4+a03+a2

FIG. 5.6 CUMULATIVE EFFECTS OF CHORD ANGLE CHANGE

The cumulative effect of the chord angle
change o, is illustrated in Fig. 5.6. The dashed
lines represent the members neglecting chord
drift in each story but including chord drift in
stories below. The solid lines show the chord
rotation R, due to chord drift. The transition
from the dashed to the solid positions is the
same as that shown in Fig. 5.5(c).

where a is the chord angle change (Eq. 5.20) in
the story above the level, &, is the sum of the
chord angle changes (Eq. 5.21) for all stories
below the level, and A, is the chord drift in the
story. Equation 5.22 applies to both K-braced
and diagonally braced bents if the numerical
factors in Eqgs. 5.20 and 5.21 are chosen as
previously indicated.



Note that chord drift for a K-braced bent
depends upon the direction of the K-brace
“V's”. The difference appears to be marginal,
however, because only the first term in Eqg. 5.22
drops out when the “V’'s" point upward. The
second term, which dominates the chord rota-
tion, is independent of the web bracing system.

Equation 5.22 can be specialized for Bent B
by absorbing the first term into the sum because
Eqgs. 5.20 and 5.21 give identical values for a
K-braced bent.

The total rotation in each story is the sum of
the chord and web contributions:

A

R =Ry + (R + Rg) ==~ (5.23)

where A is the drift in the story. The relative
rotation contributions of the chord and web
depend upon the relative axial stiffness (area) of
the columns and web system members, and
upon the story under consideration. The web
contribution tends to dominate in the lower
stories while the chords contribute more in the
upper stories of a braced bent. In spite of these
complexities, a relatively simple design method
for drift control of braced bents is described in
the following articles.

The total rotation R from Eqg. 5.23, under
factored combined load (F = 1.3), should be
limited to about 0.004 radians in each story of
Bent B for two reasons:

1. To limit the PA shears resisted by Bent B
to the value 0.004 X P assumed in the
statics calculations in Tabs. 8.12 to 8.15.

2.To limit the drift to 0.0025k; under
working loads (F = 1.0). These two factors
will be reviewed after the design is com-
pleted.

5.7 BEHAVIOR OF BRACED BENTS

To develop a method for selecting trial
members for drift control, it is useful to
consider the overall behavior of a braced bent.
The bent behaves like a vertical cantilever beam
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under horizontal load. This analogy is used in
Tab. 8.14 to check the cantilever shear and
bending forces at Level 24 of Bent B.

The braced bent cantilever response is
sketched through the sequence from load to
drift in Fig. 5.7. The top and middle rows in this
figure are concerned with chord and web drift.
The chord and web drift contributions are
summed to give the total rotation and total drift
in the bottom row.

The chord drift sequence in Fig. 5.7 follows
the familiar relations for bending of a cantilever
beam:

Cantilever Beam Braced Bent
Load Load

Shear Shear
Moment Moment

Bending stiffness  Chord stiffness

Curvature Chord angle change
above story, oy

Slope Chord rotation in
story, R,

Deflection Chord drift from
base, ZA,

Except for the relation between moment and
curvature, each item in this sequence is obtained
by integration or summation of the previous
item.

Curvature of a beam represents the angle
change per unit length. The elastic relation
between curvature ¢ and moment M for a beam
is @ = M/EI A similar relation holds for a braced
bent. The cantilever moment resisted by a
braced bent is

M=P,L (5.24)

where P, = axial load in the columns due to
wind plus PA, and L = distance between
columns (chords). If the columns have equal
areas A, the moment of inertia of the column
chords is

2
I, = 24, (—"t) (5.25)
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FIG. 5.7 CHORD AND WEB DRIFT IN BRACED BENTS

These relations give the angle change above a
story of height & in the form

_Mh _ Pe on

=— =— 5.26
% " EI, " A, EL 2k
This is simply an alternate version of Eqg. 5.21.
The angle change in a beam for a segment of
length 4 is Mh/EI as in Eq. 5.26. This demon-
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Mh
Qp=—o R.=Za, ZA.=ZR.h
El,
h
By
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R, A, = ZRyh
Total Drift

h

‘A
Total Rotation Total Drift
R Ar = ERh

strates the analogy between flexural deflection
of a cantilever beam and chord drift of a braced
bent.

A similar analogy exists between shear deflec-
tion of a cantilever and web drift of a braced
bent. Shear deflection of a solid web beam is
usually negligible but this is not true for braced
bents. The axial forces Py and Pp in the web
members of the bent are statically related to the



story shear. The web stiffness depends on the
geometry and areas of the web members as
indicated in Eqgs. 5.18 and 5.19. The ratio of
story shear to web stiffness yields the rotation
Ry =Rp t+ Rg.

The chord rotation diagram in Fig. 5.7 is a
second degree parabola if the moment diagram is
parabolic and the {, diagram is linear.

The web rotation diagram is linear if the shear
diagram is linear and the web stiffness is
constant. Under these conditions the total rota-
tion diagram includes a linear and a parabolic
component and reaches a peak value several
stories below the roof. The I, and web stiffness
diagrams in Fig. 5.7 are useful approximations
but some variation from these idealized diagrams
may be expected in practice.

For a slender braced bent, rotation due to
chord drift tends to dominate the total rotation,
particularly in the upper stories. The column
areas in the braced bays should then be selected
to limit the chord rotation in the top story by
reducing angle changes near the base.

An initial estimate of the bottom story
column area A, hase in sq. in., to control chord
drift can be obtained from the equation

PH.base he\?
Aebase “ 00 \Z, i

where Py page Is the total factored shear in kips
due to wind plus PA at the base of one truss and
he/L is the truss slenderness. This equation
applies to single bay trusses like the exterior
bays in Bent B.

Equation 5.27 is based on the chord drift
sequence in the top row of Fig. 5.7. If the angle
change diagram is approximated as a triangle,
the chord rotation in the story below the roof is
the area under the o, /h = M/EI, diagram.

_M’base hy

Re.ro0t = 281, pocs (5.28)
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The drift index (ratio of drift at roof to total
height of bent) due to chord drift is the moment
about the roof of the area under the M/EI,
diagram divided by #;.

ZA, B M,base e

- (5.29)
hy 3El, base

In these formulas, ; hase is the moment of
inertia of the column chords at the base of one
truss from Eqg. 5.25, and M paee is the factored
overturning moment due to wind plus PA at the
base of the truss. This overturning moment can
be expressed in terms of the factored base shear
Py base, including PA effects per Eg. 5.14, in
the form

Mnase = %PH base Mt (5.30)

for the uniformly distributed load in Fig. 5.7.

From Egs. 5.28 and 5.29, the relation be-
tween the chord rotation in the story below the
roof and the drift index is

ZAC 75

h, = ch,roof (6.31)

This indicates that a limitation on the chord
rotation Ry roof also serves to limit the drift
index due to chord drift.

After substitutions for;

Y :
Ig,base = -Q—Ac,base(?) and M,pae in Eq. 5.28

4 _  § H,base ﬁ 3
¢,base ZERC,FOO_f 5 (5.32)

This estimate for the bottom story column
area A, pgse reduces to Eq. 5.27 with the
substitutions £ = 29,000 ksi and R, gof =
0.0035 radians. It is assumed that the total
rotation in the story below the roof will be
approximately 0.004 radians under factored
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combined load. Of this total rotation, 0.0035
radians is assumed for chord drift,leaving 0.0005
radians for web drift. Other values of R, of
can be used in Eg. 532 to alter the chord
stiffness of the vertical bracing system. This
equation is independent of the column yield
stress and the truss web system.

In applying Eq. b.27 to Bent B, note that two
identical trusses resist the wind plus PA shears,
SO Py pase s one-half of the base shear from
Tab. 8.12(8) below level 24. With Py pase =
652/2 = 326 kips under factored combined load
and a truss slenderness ;L = 8.8 for Bent B,
Eq. 5.27 gives A, pase = 126 in.? below level 24
for chord drift control.

This column area may be compared with that
needed to resist the critical combination of
factored axial load and bending. The factored
axial loads are obtained from Tab. 8.11(4) and
(9) for gravity load and Tab. 8.13(8) and (9) for
combined load. Using the largest value, P = 2851
kips for the interior columns under factored
combined load, and assuming P/Py = 0.7 and
A36 steel, a column area of 2851/(0.7 x 36) =
114 in.? is estimated belowLevel 24 to resist the
factored axial load. The value P/Py = 0.7 is the
axial load limit in Eq. 5.17. The column area for
chord drift control exceeds that estimated for
factored axial load. Hence, the design example
in Chapter 8, beginning with Tab. 8.16, assumes
that stiffness requirements will control the
design of braced Bent B. The calculations in
Tabs. 8.10 to 8.15 are all based on statics and
are needed regardless of what criterion is used to
select member sizes.

The following articles describe a braced bent
design method for selecting columns to control
chord drift, and web members to control web
drift.

5.8 CHORD DRIFT CONTROL

The rotation at the roof due to chord drift is
the area under the angle change ( o,/ ) diagram

o
Re roof = Vakhy (h—a)b 6.38)
ase

where A, is the total height of the braced bent, &
is a dimensionless coefficient, and ( o,/ )pase
denotes the "'curvature” in the bottom story.
Rearranging Eq. 5.21 gives,

U‘a) Pe base ( 2 )

= =—|— (5.34)
(h base Ac, base \EL

From Eq. 5.33 and 5.34

Pe base [ 1t
= f——— — 5.35
AC‘ base = K R roof EL ( !

This result indicates that the column area at the
base A, hase is inversely proportional to the
rotation at the roof due to chord drift, and is
directly proportional to the truss slenderness
hy/L and to the axial load in the bottom story
columns P, hase due to wind plus PA. Equation
5.35 is an alternate form of Eg. 5.32 using axial
force in the bottom story columns in place of
base shear.

The dimensionless coefficient & in Egs. 5.33
and 5.35 depends upon the shape of the
moment and I, diagrams in Fig. 5.7. The value k
= 1.0 is a reasonable first approximation and
corresponds to:

1. A second degree parabola for the moment
diagram, and

2. A linear variation of column area A, with
distance &, above the base

hx
Ax = 1 _h_' Ac,base (536)
t

Regardless of the shape of the moment and /,
diagrams in Fig. 5.7, an improved estimate for k&
can be obtained as follows:

1. Determine A, pase from Eq. 5.35 for k =
1.0 and an assigned value R. rgof (dis-
cussed later). Select a trial section for the
bottom story columns in the braced bays.



2. Select trial sections for the columns above
using Eg. 5.36 or any other appropriate
variation of column areas.

3. Determine the angle changes o and o
above each level using Egs. 5.20 and 5.21.

4. Determine the chord rotation R, below the
roof from Eq. 5.22.

5. An improved estimate for k is kR¢/R rqof

These five steps represent one cycle of an
iterative loop, and can be repeated using the
improved estimate for £ in Step 1. The loop
converges when R, in Step 4 is approximately
equal to Re roof in Step 1. Convergence is
obtained in the second cycle for the example
described subsequently.

The column areas in the braced bays of Bent
B decrease with increasing values of R, oot in
Eq. 5.35. However, R; rqof should be taken as
less than 0.004 radians for the reasons cited at
the end of Art. 5.6, and to allow for rotation
due to web drift in the top story of Bent B. The
assumption

R roof = 0.0036 radians (6.37)

is used in the design example. If larger values of
R roof are assumed, the story rotations will
tend to exceed 0.0025 under working wind load
and 0.004 under factored combined load. If
smaller values of R, of are used, the column
areas become excessive in this example.

Columns for Bent B are selected for chord
drift control in Tab. 8.16. Step 1 shows the
application of Eq. 5.35 to determine the area of
the bottom story columns, using k= 1.2. This &
value is the result of calculations described later.

Step 2 uses Eq. 5.36 to estimate column areas
for the stories above the base level as shown in
Tab. 8.16(3). The next three tabular columns
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list trial sections, areas, and axial loads P, due to
wind plus PA. Note that 14WF426 in the
bottom story does not meet the estimated area
requirement. A coverplated or “jumbo’ column
section could be selected but this is not done in
order to demonstrate the flexibility of the
method.

The angle changes «, due to chord drift (Fig.
5.6c) are recorded in Tab. 8.16(7). Note (1)
indicates how Eq. 5.21 is applied in this calcu-
lation. The angle changes &g are summed from
the base in Tab. 8.16(8). This gives the rotation
due to chord drift R, according to Eq. 5.22. The
value R, = 0.00353 radians below the roof
agrees with the assumption R. rqoof = 0.0035
radians in step 1. This verifies the choice k = 1.2.

The columns in Tab. 8.16 satisfy the tentative
rotation criterion for chord drift. These sections
are checked for beam-column capacity in Art.
6.2.

The success of this design method for chord
drift control depends in part on the choice of &
in Eg. 5.35. Note that the method provides a
check on the value assumed for k. The value k =
1.2 in Tab. 8.16 was obtained from one cycle of
the five steps outlined previously. The calcu-
lations used the same format as Tab. 8.16 with
the results summarized below:

Step 1. A, pase = 120in.2
for Re roof = 0.0035 radians and k = 1.0

Step 2.

Level Trial Level Trial Level Trial
Section Section Section

2 12WF40 | 10 14WF150| 18 14UF287

4 12WF50 | 12 14WF184| 20 14WF320

6 12WF85 | 14 14WF219| 22 14WF370

9 12WF1201 16 14WF264| 24 14F426
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Step 3.
Level % x 10° |Level o, x 10°|Level a, x 10°
(radians) (radians) (radians)

R 9 17
1 12 22

2 10 18
3 15 2b

3 11 19
b 15 24

4 12 20
8 17 27

B 13 2]
if’ 17 26

6 14 22
10 20 28

7 15 23
9 19 34

8 16 24
12 21 34

9 17 25

Step 4. R, =0.00411 radians below roof.

Step 5. Estimate k& = 0.00411/0.0035 = 1.18.
Say 1.20.

Note that if R, in Step 4 had been less than
0.004 radians, it might have been possible to
continue the design with the trial column
sections from Step 2, with some increase in web
stiffness requirements for Bent B.

Future braced bent design studies by prac-
ticing engineers will be of value in suggesting
appropriate assumptions for k and R; rpof in
Eg. 5.35. These design studies will also help to
define the braced bent geometry and load
parameters that combine to make chord drift a
significant design criterion.

5.9 WEB DRIFT CONTROL

The web members should be designed to limit
the total story rotation (Eq. 5.23) under fac-
tored combined load to about 0.004 radians in

each story of Bent B. Once the columns have
been selected in Tab. 8.16, the rotation due to
chord drift R, (Eq. 5.22) is known in each
story. This gives the allowable web rotation

Ry =Rg+Rp=0004—R,  (6.38)

listed in Tab. 8.16(9).

At this point several alternatives are open to
the engineer for web drift control:

1. Design the girders for strength as laterally
loaded beam-columns (see Art. 5.2). This
gives the minimum required girder size and
establishes the rotations Ry in Eq. 5.38.
The minimum bracing area, Min Ap,
needed to limit the total rotations can be
determined from Egs. 5.38 and 5.18. The
bracing is then designed for stiffness (area)
requirements and checked for strength cri-
teria (Art. 5.10).

2. Design the bracing for strength require-
ments. This determines the minimum re-
guired bracing size and establishes the
rotations Rp in Eq. 5.38. The minimum
girder area, Min Ag, needed to limit the
total rotations can be obtained from Egs.
5.38 and 5.19. The girders are then de-
signed for stiffness (area) requirements, and
checked for strength and web buckling
criteria as laterally loaded beam-columns.

3. Use some combination of Alternatives 1
and 2. For example, determine the mini-
mum girder sizes as in Alternative 1 but use
girders of larger area. This approach serves
to increase the girder stiffness and to
decrease stiffness (area) requirements for
bracing.

Alternatives 1 and 2 could be used to estab-
lish upper and lower bounds on the girder and
bracing sizes. The web system may then be
designed within these bounds to optimize a
weight or cost function. The cost analysis should
include an allowance for connections. This
optimization approach should also be extended
to include the columns by varying the rotation
allowance for chord drift (Art. 5.8). These ideas



suggest the potential for future developments in
the field of braced multistory frames.

Alternative 1 is illustrated in the design
example. The girders in Bent B are selected for
factored combined load in Tab. 8.17. The
girders are designed as laterally loaded beam-
columns using Eqg. 5.10 as explained in Art. 5.2,
On Levels 2 to 8 in the exterior bays, the 10B19
girders selected for factored gravity load in Tab.
8.9(17) are also adequate for factored combined
|load. Below Level 8, combined load requires an
increase in the girder sizes as shown in Tab.
8.17(5).

Web drift calculations for the girders are
performed in Tab. 8.18. Step 1 shows how Eg.
5.19 is applied to give the rotation R, in Col.
(4).

The quantity Ry —Rg in Tab. 8.18(5)
represents the allowable rotation for the K-
bracing. Equation 5.18 is used in Step 2 to
determine the minimum K-brace area, Min Ay,
needed to limit rotation. The values of Min 4,
in Col. (7) increase from the roof to Level 7, and
then decrease from lLevel 7 to 24. If the
minimum required bracing area exceeds that for
bracing members of practical size, the girders
can be increased as in Alternative 3.

5.10 DESIGN OF K-BRACING

There are three design criteria that are likely
to control the K-bracing areas A in Bent B:

1. The tension capacity Abe must exceed
the maximum K-brace tension in Tab.
8.15(5).

2. The compression capacity A, F,, must ex-
ceed the maximum K-brace compression in
Tab. 8.16(6). Eq. 3.b gives the buckling
stress Fpp.

3. The bracing area should satisfy the mini-
mum stiffness requirement in Tab. 8.18(7).

The bracing stiffness requirement stems from
the limitation R = 0.004 radians for the story
rotation under factored combined load. No
serious consequences should result from exceed-
ing this limitation by several percent. See Art.
5.11. Thus, the values of Min A in Tab. 8.18(7)
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may be regarded as a guide to acceptable bracing
stiffness rather than an absolute minimum de-
sign requirement.

Two additional design criteria should be
considered for the bracing. The AISC Specifica-
tion limits the slenderness ratio for compression
members to 200 and for tension members to
300. The bracing stiffness must also be adequate
to prevent sidesway buckling of the building
under factored gravity load as discussed in
Chapter 6.

The K-bracing for Bent B is designed in Tab.
8.19 using weldable pipe with Fy, = 36 ksi. Pipe
is an efficient section for bracing members that
must resist compression. The information
known when the bracing design commences is
recorded in the lower half of each line in Tab.
8.19 and includes: the minimum area require-
ment in Col. (3), the length, Net Lp, in Col. (4),
and the maximum K-brace compression and
tension in Cols. (7) and (8). The net buckling
length of the bracing is less than the total length
as suggested in Note (1).

The trial pipe size for the K-bracing in Tab.
8.19(2) is selected using the minimum area
requirement as a guide. The brace area, radius of
gyration, slenderness, and buckling stress are
entered in Cols. (3) to (6). The trial brace is
adequate for strength criteria if the allowable
(ultimate) compression and tension capacity in
Cols. (7) and (8) exceeds the maximum values
recorded previously.

Above Level 23, the K-bracing for Bent B is
controlled by stiffness (area) requirements in
Tab. 8.19. The maximum K-brace forces are less
than 75 percent of the tension and compression
capacity above level 23. The K-bracing is stable
and elastic (including a residual stress allowance)
under factored combined load. Note that these
bracing conditions are assumed in the design of
the K-braced girders (Art. 5.2) and in the drift
equations (Art. 5.6). In the bottom story of
Bent B, the inverted K-brace, the absence of
chord drift and the 12 ft. story height combine
to make compression strength the controlling
design criterion for the K-bracing.
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5.11 STORY ROTATION AND DRIFT

Previous articles have described methods for
selecting columns to limit chord drift and girders
and bracing to limit web drift in braced bents.
This article compares these drift contributions
for Bent B and reviews the reasons stated at the
end of Art. 5.6 for limiting the total rotation
under factored combined load.

Rotation and drift calculations are performed
in Tab. 8.20. The first six columns are con-
cerned with the rotation under factored com-
bined load. The last three columns deal with the
drift under working load.

The previously determined rotations due to
axial load in the columns and girders are listed in
Tab. 8.20(1) and (2). The rotations for the
K-bracing are obtained in Cols. (3) to (5) using
Eq. 5.18, with the substitutions shown in Item 2
of Tab. 8.18. The rotations in Tab. 8.18(5)
differ from those in Tab. 8.20(5) because the

R =0.004
—_—y
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\
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FIG. 5.8 ROTATION FOR BENT B AT FACTORED
COMBINED LOAD (F = 1.3)

latter values are based on the actual brace area
provided. The column and web contributions are
summed to give the total rotation in Tab.
8.20(6).

Figure 5.8 is a graphical summary of the story
rotations for Bent B under factored combined
load, from Tab. 8.20. The dashed "“web” curve
in this figure gives the sum of the K-brace and
girder contributions to rotation. The kinks in
the web curve result from changes in K-brace
and girder sizes.

The web rotation curve in Fig. 5.8 shows a
nearly linear variation with distance from the
roof except in the bottom stories. The column
chord rotation curve is approximately parabolic.
The coefficient £ = 1.2 for Bent B, discussed in
Art. b.8, differs from unity because of the
difference between the computed column chord
rotation curve and the dashed parabola in Fig.
5.8. Note the similarity between the column
chord rotation and web rotation curves in Figs.
5.7 and b.8.

The relative magnitudes of the chord and web
contributions to the total rotation are evident in
Fig. 5.8. The chord contribution dominates in
the upper stories and the web contribution is
larger in the lower stories. In spite of the varying
chord and web contributions, the total story
rotation or drift index is nearly constant in the
upper three-quarters of Bent B. Note that the
statics calculations for Bent B under factored
combined load, beginning with Eqg. 5.14 in Art.
5.5, are based on a constant assumed drift index.
The total story rotation curve in Fig. 5.8
indicates that this simple design approximation
is reasonably satisfied. In the bottom stories, the
initially assumed drift index is conservative and
could be reduced.

The preceding discussion is concerned with
the total rotation R = A/h This variable,
together with the total factored gravity load ZP,
is used to account for the frame stability effects
under factored combined load in the plastic
design of braced multistory buildings. A second
variable describing the combined load behavior
of braced bents is the total drift A; = ZRhA,
where the sum is taken from the base.



Drift curves for Bent B under factored com-
bined load are shown in Fig. 5.9. The “web"”
curve in this figure gives the sum of the K-brace
and girder contributions to drift. The column
chord contribution exceeds the web contribu-
tion to drift in the upper half of Bent B. At the
roof, approximately two-thirds of the total drift
is contributed by the columns and one-third by
the web members. The total drift curve is nearly
linear and parallel to the dashed line for A; =
0.004h;, except in the bottom stories.

The working load drift calculations for Bent B
in Tabs. 8.20(7) to (9) are based on the
following simplifying assumption: the working
load rotation in Col. (7) can be estimated as
1/1.3 times the rotation under factored com-
bined load. Because of this assumption PA
effects corresponding to a drift index of A/hk =
0.004/1.3 = 0.003 are included in the working
load drift estimates. The result is that the
calculated drift is about 14 percent larger than
that which would be obtained by neglecting PA
effects.

The total working load drift at the roof of
Bent B in Tab. 8.20(9) gives an overall drift
index of 0.0028 as indicated in Note (2) below
the table. For comparison with conventional
drift criteria, neglecting PA effects, the drift
index should be adjusted to 0.0028/1.14 =
0.0024. Bent B provides ample stiffness for
limiting drift under the 20 psf wind load.

The method described in Arts. 5.8 and 5.9 for
chord drift and web drift control can be applied
in an allowable stress design of a braced bent. In
this application, the total wind shear in Tab.
8.12(8) is replaced by the working load wind
shear in Tab. 8.12(2).

The two reasons listed at the end of Art. 5.6
for limiting the total rotation under factored
combined load to about 0.004 radians in each
story are reviewed below.

The first reason for limiting the total rotation
in each story was to avoid PA shears larger than
the value 0.004 ZP assumed in the combined
load statics calculations for Bent B.

If the total rotation, computed using 0.004
ZP for the PA shear, is significantly larger than
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0.004 radians, both the rotation and the PA
shear have been underestimated. In such a
situation, it is possible to begin the second cycle
of an iterative frame stability check. This check
is based on an adaptation of Ref. 8 and uses the
following steps:

1. Determine the PA shear in each story as
RZP where R is the total rotation from the
previous drift calculation under factored
combined load. For example, use R from
Tab. 8.20(6).

2. Repeat the statics analysis in Tab. 8.12 to
8.15 using the new PA shears from Step 1
in Tab. 8.12(7).

3. Repeat the chord, web and total rotation
calculations in Tabs. 8.16, 8.18, and 8.20.
In this step, note that Eg. 5.17 and the
rotation formulas in Fig. 5.5 should be
modified for inelastic behavior under axial
load if P/Py is significantly larger than 0.7.

Girders
K-Bracing

0 0.2 0.4 0.6 0.8 1.0

Drift Ay, feet

FIG. 5.9 DRIFT FOR BENT B AT FACTORED
COMBINED LOAD (F = 1.3)
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Alternatively, member sizes may be in-
creased to satisfy this limitation on P/Py.

4. |f the total rotations obtained in Step 3 are
equal to or smaller than the corresponding
values from Step 1, the iteration is said to
have converged and the bent is stable under
the factored combined load. If this is not
the case, two alternatives are open.

a. Repeat the cycle using the total rota-
tions from Step 3 (or larger values to
speed convergence) in place of the pre-
vious rotations in Step 1.

b. If the rotations in Step 3 are large (say
on the order of two times the working
load drift criterion), the members that
make the larger contributions to the
total rotation should be increased in size.

This iterative stability check for braced multi-
story bents under factored combined load
follows well defined steps, but can become
protracted for a tall bent. It is not expected that
this stability check method will find frequent
application in practice. It is included here to
indicate the possible significance of calculated
total rotations that exceed the rotation used to
estimate the PA shears by a substantial margin.

In several stories, the calculated total rota-
tions for Bent B in Tab. 8.20(6) exceed, by a
small margin, the value 0.004 radians used to
estimate PA shears in Tab. 8.12(7). This does
not necessarily indicate the need for a combined
load stability check. For example, consider the
factored shears below Level 7 of Bent B.

Wind shear = 165 kips Tab. 8.12(3)

PA shear = 24 2 kips based on R = 0.004
radians Tab. 8.12(3)

PA shear = 24 8kipsbased on R =0.00409
radians

The increase in total rotation causes only a
small change in the PA shear. From another
viewpoint, a 3 percent or 4.9 kip change in the
factored wind shear corresponds to a 20 percent
change in the initially assumed PA shear for
Bent B. Unless the PA shear is a substantial
portion of the total shear in the story, small
differences between the initially assumed and
calculated total rotation do not produce signifi-
cant changes in the total story shear.

The second reason for limiting the total
rotation under factored combined load was to
satisfy the drift criterion under working wind
load. The adjusted working load drift index of
0.0024 for Bent B is within acceptable drift
limits.

For a working load drift index of 0.003 many
of the columns in Bent B can be reduced by
about two sizes. The drift criterion is significant
in determining the weight of steel in a braced
bent. In present practice, the choice of a drift
index depends on the engineer's judgment.
Research is needed to assist the engineer in
making his choice.

The results of the tentative design of braced
Bent B are summarized in Fig. 8.2; these are to
be checked in Chapter 6.



49

CHAPTER 6

Design Checks and Secondary Considerations

6.1 INTRODUCTION

The primary stage of a structural design is
usually concerned with the proportioning of
members for strength and/or stiffness. The
design conditions considered are full factored
gravity loading, factored combined loading, and
wind drift. In Chapter b drift was chosen as the
governing design condition for the columns in
Bent B. In this chapter the strength of these
columns will be checked for gravity load (F =
1.7) and combined load (F = 1.3).

In addition there are secondary conditions
(secondary meaning that they are not usually
considered in the initial design) that may govern
the design of individual elements in the struc-
ture. These conditions are:

1. partial live or “checkerboard” loading
. deflections at working load

. sidesway under factored gravity load

. spacing of lateral bracing

. effect of shear on bending capacity

. uplift at footings

Do WM

The approach used for these design checks is
to make conservative assumptions and approxi-
mations in order to find out if there is a problem
in the first place. I the preliminary conservative
calculations do not satisfy the particular require-
ment, then more careful analysis is performed.
The idea is that usually the secondary design
situations are not critical, so they do not
warrant undue design time.

6.2 DESIGN CHECKS, BENT B—FACTORED
GRAVITY AND COMBINED LOAD

The girders in Bent B have been designed for
factored gravity and combined loading in Tabs.
8.9 and 8.17. The columns in Bent B, however,
have been selected for chord drift control in

Tab. 8.16, so they must be checked for adequate
strength to support the factored gravity load (F
= 1.7) and factored combined load (F = 1.3). It
will be necessary to check both loading con-
ditions for beam-column strength.

The calculations for the column check are
similar to those for the design of the Bent 4
columns given in Tabs. 8.6 and 8.8. First the
moments applied to the columns through the
girders are evaluated in Tab. 8.21. In deter-
mining the net girder moments that are applied
to the columns, it is assumed that Mp occurs at
the ends of the girders only for the particular
loading condition that controlled the girder size.
For other loading conditions it is assumed the
girder is elastic, and the end moment is, conser-
vatively, the fixed-end moment FEM. An upper
limit is placed on the fixed-end moment equal to
the bending capacity of the girder. Factored
combined load (F = 1.3) governed the size of the
girders in the exterior bay, whereas the girders in
the interior bay were selected on the basis of
factored gravity load (F' = 1.7). Conseguently, it
is assumed that the exterior-bay girders are
elastic at /= 1.7 and the interior-bay girders are
elastic at F = 1.3. The girder moments at the
column centerline M; are calculated by in-
creasing the clear span moments M, by the
quantity % FwLgd, (end shear x one-half the
column depth). The net girder moment is
assumed to be equally divided between the two
columns at a joint.

In Tab. 8.22, the axial loads and moments in
the columns are compared for the two loading
cases in order to determine the controlling
conditions. Only a few representative columns
are compared in this check, and an asterisk (*)
indicates the more critical loading condition.
From Tab. 822, the check of the top story
columns is governed by factored gravity load,
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whereas factored combined loading controls for
the lower stories.

Selected columns in Bent B are checked for
in-plane bending and lateral-torsional buckling in
Tab. 8.23 using the procedure described in Art,
4.9, The axial load (P/Py) and slenderness ratios
for the columns are in the range where the
beam-column moment capacity is limited by
Mpe so the allowable M/Mpe = 1.0 in Tab.
8.23(8). The Mp, values exceed the required
moments in Tab. 8.23(1) by a substantial
margin. Hence, the columns previously selected
for chord drift control provide adequate beam-
column capacities for full factored gravity and
combined load.

6.3 CHECKERBOARD LOADING

The columns of Bents A and B can safely
carry the full factored dead and live loads on all
the stories. Full loading usually causes the
columns to bend in double curvature (g =+ 1.0),

Fw Fw
FWd Fw
U-—-r._‘l 7
: _{ Fw ' Fwg
Columns to S, ! Fo
be checked \Js Fwy qh
L—
Fw Fw
(a) Loading Pattern
—— Checkerboard
———Gravity
U— QZS 2
AN
i Y —
Jl = h\_\_h ——— l_’
EXT. INT.
COL. COL.

(b) Moment Diagrams

FIG. 6.1 CHECKERBOARD LOADING

and the strength of a column is highest when
bent in this configuration. |f the ratio.of the end
moments g is reduced (g <+ 1.0), the column
strength can be adversely affected. See Design
Aid 111

A situation more critical than full loading can
develop if the factored live load is removed at a
few locations. The typical loading arrangement
that should be considered is shown in Fig.
6.1(a). The factored live loads are removed in
alternate bays at levels U,C and L only. The
column moments caused by this localized
checkerboard arrangement tend to approach the
most critical single curvature case {g = —1) while
keeping the axial load relatively unchanged. The
possibility of having a complete checkerboard
pattern is extremely remote and not even as
critical a condition, since axial load in the
column would be substantially reduced. In the
"localized"" checkerboard loading, the axial load
will be reduced slightly, but at the lower stories
the reduction is usually insignificant. A com-
parison between the moment diagrams for full
gravity and checkerboard loadings is shown in
Fig. 6.1(b). Not only can g be reduced from the
double curvature case, but the moment applied
to the columns at Level C can be increased.

To evaluate the strength of a column under
checkerboard loading, the end moments and g
must be determined. In the full loading case, Eq.
4.3 was used to calculate the net girder moment
where Mp was taken as the required M, from
Eqg. 4.1. The net girder moment at the column
centerline for checkerboard loading can be
determined from Eq. 6.1 .

Net girder moment =

Fwl,d FwglL,d
i|:Mp +———4g Ci| :l:Md +——‘ig C}

FULL DEAD
LOAD LOAD

(6.1)



where My is the moment at the ends of the
girder under factored dead load alone and is
assumed as

FWdLgZ
12

(6.2)

Md=

but may not exceed Mp. The sign convention is
shown in Tab. 8.21. If My = Mp, plastic hinges
form at the ends of the girders under factored
dead load alone, so there is no significant
difference between checkerboard loading and
full loading. In the design check, it is conser-
vative to assume that only the columns resist the
net girder moment and that this moment is
equally divided between the columns framing
into the joint. Once the column end moments
are evaluated, g is calculated, and the column
strength determined.

In the exterior columns, checkerboard loading
only affects g since the column moments at the
floors above and below the Level C under
consideration are reduced while the moment at
Level C remains constant as shown in Fig.
6.1(b).

However, g must be greater than zero because
of the restraining effect of the members at the
levels above and below. Therefore, it is conser-
vative to use g = O for the exterior columns. A
comparison of Design Aids IlI—1b and Il1—2b
shows that for i/r, < 25 there is no difference
between the major axis bending strengths for
q = +1.0 (double curvature) and ¢ = 0 (one
end pinned) unless P/P, > 0.6. In fact, the
difference does not become significant (" 5%)
until P/Py, >0.9.

A reduction in g from +1.0 to 0 can also
affect the lateral-torsional buckling strength
(LTB). A comparison of Design Aids I11—1a and
I[11—2a shows when this change in g has an
effect, and the results are given in Fig. 6.2.
Combinations of P/Py and h/ry that fall below
the curve indicate that when +1.0 <g <0, there
will be no change in LTB strength (actually
there will be no lateral torsional buckling). If
values fall above the line, further analysis is
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indicated; Design Aid Ill—2a must be used to
check for the actual LTB strength.

1.0

0.8
LTB may control
check Design AidsIIL - 1a, 2a

0.6
» NO
Py

0.4+

0.2F

+1.0<¢g <0
1 1 1 1 1
0 20 40 60 80 100

FIG. 6.2 EFFECT OF LATERAL-TORSIONAL BUCKLING
ON BEAM-COLUMN STRENGTH

In the interior columns, checkerboard loading
affects both g and the maximum bending
moment, and g can vary over the full range of
+1.0 to —1.0. The curves in Design Aid |l
indicate that most columns with ¢ = +1.0 or 0
maintain their maximum bending strength over a
reasonably large range of end rotation. Conse-
guently a good estimate of the total available
column strength at a joint is achieved by adding
the maximum moments for the two columns as
shown for Cases 1 and 2 of Fig. 4.1. When g =
—1.0 however, the strength varies continuously
with end rotation, so the rotations must be
considered when evaluating the total available
column strength at a joint as shown by Cases 3
and 4 in Art. 4.9,

In most instances, it will not be necessary to
consider the interior column rotations because ¢
will be between +1.0 and O, or in many cases
where g is between 0 and —1.0, the column end
moments are so small they can be neglected.
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This is especially true where girder live-load
reductions have been used.

In summary, the following procedure is rec-
ommended for checking column strength under
checkerboard loading:

1. Evaluate the net girder moment at Levels U,
C, and L using Egs. 6.1 and 6.2; distribute
one-half of the moment to the columns
above and below each joint; and calculate
q. For a bent with repetitive girder framing
and loading, one set of calculations will
suffice.

2.Iln some cases it will be sufficient to
observe that plastic hinges form at the ends
of the beams under factored dead load
alone, that is My =M. Then checkerboard
loading causes no significant difference
from full loading and no further check is
required.

3. For g between +1.0 and O (all exterior
columns and most interior columns):

a. If h/ry<25 and P/Py<0.9, column
strength is the same as full loading; if
values of h/ry and P/Py fall below the
curve in Fig. 6.2, lateral torsional
buckling does not govern. Compare the
maximum column moment with the
allowable moment determined for full
loading.

b. Step (a) eliminates most columns from
further checks. When the conditions of
Step (a) do not apply, the column
strength for ¢ = 0 may be determined

from Design Aids Il and |1l and com-
pared with the applied loads as outlined
in Art. 4.9,

4. For g between 0 and—1:

a. If the column moments do not exceed
0.05Mp, the column will be adequate
for major-axis bending since under these
conditions a small redistribution of the
column moments can be accommodated.

b. If the column moments are in excess of
0.05Mp,., use Design Aids Il and IIl as
described in Art. 4.9 to determine the
column strength.

The calculations for column end moment and
q for Bents 4 and B are given in Tab. 8.24. Since
plastic hinges form under factored dead load in
Bent 4, the net girder moment and ¢ for
checkerboard loading will be the same as those
for the gravity loading. Full gravity loading was
checked in Tab. 8.8; all columns of Bent A4 are
satisfactory. Since ¢ = 0 for Bent B, Step 3(a) is
used to check the columns in Tab. 8.24; all the
columns are satisfactory.

6.4 DEFLECTIONS AT WORKING LOAD

The deflection requirements in Section 1.13
of the AISC Specification ? will be used as a
guide. The live load deflection of the floor
girders must be less than 1/360 span.

As a first step in checking deflections, all
girders will be assumed simply supported. If the
deflection guides are satisfactory for simple
supports, then they must also be satisfied for the
real girders that have restrained ends. The
midspan deflection ratio of a simply supported
girder is:

5 \.[’_)W[Lg'?
L, 384EI

(6.3)
g

Reduced live loads wy are used in the calcu-
lations, and deflections are calculated only at
working load. In Tab. 8.25, the live-load deflec-
tions at service loads are calculated and com-
pared with 1/360 Lg All girders satisfy this
requirement. In the check-on Bent B, only the
lightest girder is considered since it is the most
critical.

6.5 SIDESWAY UNDER GRAVITY LOAD

When a structure is loaded with factored
gravity load alone, there is a possibility that the
frame may move laterally under a slight dis-
turbing action. Any sway deflection causes PA
moments that tend to overturn the structure as
shown in Fig. 6.3.
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FIG. 6.3 DRIFT UNDER GRAVITY LOAD

If the braced Bent B is assumed to behave like a
pin-connected truss, the PA moments are re-
sisted by shears @, in the K-bracing system
given by Eqg. 5.12.

The sway deflection A is geometrically related
to the deformation in the K-braces, and, in an
elastic system directly related to the force Pp in
the K-braces,where

A(0.5L) EA

as shown in Fig. 6.3. The Py given by Eq. 6.4 is
the force in the brace required to produce a sway
A. If the horizontal component of the bracing
forces Ppy is greater than the shears Q o caused
by PA then the structure will not sway under
gravity load, or using Eqg. 5.12,

Pyy > FP,, (6.5)

A
h
where P,, is the total working gravity load ebove
the level under consideration and F = 1.7. Since
Py = 0.5LPy/Ly and there are two braces in a
bay, Eqg. 6.5 becomes
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"=N A (0.5L)2 EAy, N

E Lb3

17P, i;\— (6.6)

where N is the number of braced bays. If the
K-bracing sizes and geometry are the same at a
given story, Eq. 6.6 can be simplified to

N L*® 1.7 Py,

= 6.7

At a given story the minimum K-bracing area
Apm required in a braced bent is the factored
wind shear ( F = 1.3) in the brace divided by
the yield stress, or

1.3 WLy

Apom =2—Nmy (6.8)

where W is the total working wind shear at this
level. Defining

Kp =m (6.9)

and substituting Eq. 6.8 into Eq. 6.7 gives

L E Py,
s ot 6.10
7 F, KpW > 2.62— (6.10)

If the geometry and loading of each story are
fairly similar, then W = Dnhw,, and P, =
DnBwg, where D is the spacing of the braced
bents, n is the level number (Roof = 1), w,, is
the working wind load (psf), B is the distance
between the exterior columns of the bents, and
Wg is the average working gravity load (psf) over
the structure. For bracing using A36 steel, Eq.
6.10 becomes

Bw
Kp sin? B > 0.00325 —&  (6.11)
Lw,,
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where f is the angle between the brace and the
girder.

The structure will not sway under gravity load
if Eq. 6.11 is satisfied at every level. However, if
Eqg. 6.11 is satisfied using Kp = 1.0 (the
minimum possible value which corresponds to
actually using the minimum bracing area), no
further check is necessary. For the unusual case
where using Kp = 1.0 does not satisfy this
equation, the actual Kp must be used and the
equation checked at every level.

For the bent shown in Fig. 8.1 and assuming
Kp =1.0, Eq. 6.11 becomes

9.67\? 27\ 103 psf*
1.8 (13.50) e (66) 20 psf

or
0.51 > 0.0069

therefore the structure will not sway under
gravity load.

6.6 SPACING OF LATERAL BRACING

In a braced multistory frame the moment
diagram at the girder design condition is shown
in Fig. 6.4(a). Lateral bracing of the compression
flange is required in the vicinity of the plastic
hinges to ensure that Mp can be reached and a
mechanism can form. The lateral bracing re-
guirements are given in Tab. 3.1. These require-
ments can be given in a more convenient design
form for a uniformly loaded girder by com-
bining them with the moment diagram of Fig.
6.4(a).

The required bracing spacing at the plastic
hinge locations (center and both ends) is given in
Fig. 6.4(b) for A36 steel. These rules were
derived by determining the range over which a
bracing rule is applicable. For example, from
Fig. 6.4(a), at the center M/M,.>0.7 if
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(a) Moment Diagram — Uniformly Loaded Beam
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(b) Design Aid for Bracing Spacing on A36 Beams

FIG. 6.4 SPACING OF BRACING FOR UNIFORMLY
LOADED BEAM

lep<0.194Lg, s0 I, = 38ry,. Eliminating /., gives
Lg/ry >38/0.194 = 196. At the center if
Lg/?‘y > 196, then braces must be spaced at 38ry.
For Lg/ry < 196, a spacing of 65r, is permis-
sible. Thus it is only necessary to calculate Lg/ry
to determine the bracing spacing at the center.

Bracing from the ends can be placed at 65@,.
For the 38ry rule to govern, it would be
necessary to have a girder with a Lg/ry > 825b.
For rolled sections, such a girder cannot exist
because deflection limitations would restrict the
girder length to a much smaller value.

The maximum bracing spacing for the com-
pression flange for the girders of Bents 4 and B

(2)96x 27+ 140 x 12

* From the loads in Fig. 8.1, Wg =
66

= 103 psf

Using live-load reductions could further reduce this average gravity load.



are given in Tab. 8.26. As a practical consider-
ation, bracing can be provided only at the joist
locations. A tentative floor system design has
established a 3-ft. joist spacing for the exterior
bays and a 2-ft. spacing for the interior bay. The
joists will be positively attached to the top
flange of the girders. Tab. 8.26 shows that in all
cases, the allowable bracing spacing is greater
than the joist spacing so the top flange is
adequately braced. Bracing may also be required
in the compression regions of the bottom flange.
In Bent A4, a short length of the bottom flange is
in compression at the ends of the girder. Since
the girder is rigidly attached to the column and
the length of the negative moment region is less
than 65ry, no bracing is necessary. In Bent B,
however, the exterior bay girders have a com-
pression region at the bottom flange at midspan
where the K-brace connection is located. At this
point, bottom flange bracing must be provided.
This can be accomplished by welding joist chord
extensions to the bottom flange of the girder. In
summary, the joists will provide adeguate top-
flange bracing for the girders. No other bracing
is required for Bent A but the exterior bay
girders of Bent B require two bottom flange
braces near midspan as shown in Tab. 8.26.

6.7 EFFECT OF SHEAR ON BENDING
CAPACITY

Eg. 3.3 gives the maximum allowable shear
force which a member can resist. If the actual
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shear is greater, then the web of the section
must be strengthened or the member size in-
creased. The shear in the girders is checked in
Tab. 8.27. The maximum applied shear is given
by

FwL

g
Visaw = 5 (6.12)

from equilibrium or symmetry. The largest shear
occurs when F = 1.7. All girders for Bents A and
B are satisfactory as shown in Tab. 8.27.

6.8 UPLIFT AT FOOTINGS—BENT B

The engineer must provide for possible uplift
forces at the footings of Bent B under combined
load. An estimate of these uplift forces is given
in Tab. 8.28. At working load wind can cause
203 kips uplift at the exterior footing and 268
kips uplift at the interior footing. The exterior
column uplift can be resisted by the exterior
foundation wall carrying shears to the adjacent
Bents A. Interior column uplift could be accom-
modated by bracing in the interior bay at the
bottom level.
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CHAPTER 7

Connections

7.1 INTRODUCTION

The successful performance of every structure
depends upon the connections as well as upon
the main members. Connections that are not
capable of achieving the assumed degree of end
fixity cause the girders to carry higher mid-span
moments than allowed for in design. Thus, the
behavior of the structure as a whole is changed
and its ultimate strength may be quite different
from that computed by the designer.

Design of a connection must consider not
only angles, plates, welds and bolts but also the
webs and flanges of girders and columns near the
juncture.

The requirements for connections are:

1. strength

2. rigidity

3. lack of interference with
architectural features

4. economical fabrication

5. ease of erection

These are reguirements for allowable stress
design as well as for plastic design. The perfor-
mance of connections depends on the ductility
of the steel to produce a redistribution of
localized stress peaks, and it is the ultimate
strength, substantiated by physical tests, that
provides the basis for design of connections by
either method.

For plastically designed structures, strength
and rigidity are important requirements. Con-
nections located at points of maximum moment
must not only develop the plastic moment Mp, in
the connected members, but must maintain
these members in their relative positions while
plastic hinges develop at other locations.

Phenomena that may affect the development
of strength and adequate rotation are:

1. excessive column web shear deformation
causing loss of strength

2. column web crippling influencing strength
and rotation

3. excessive column flange distortion leading

to weld and fastener failures

poor welding and poor welding details

5. improper bolt tension

>

7.2 TYPES OF CONNECTIONS

In multistory building frames the important
connections to be considered are: beams to
girders, interior tie beams and spandrel beams to
columns, girders to columns, column splices, and
bracing to girders and columns. Connections are
classified according to the AISC designation as:

Type 1. "Rigid frame' —girder-to-column con-
nections have sufficient rigidity to
hold virtually unchanged the original
angles between intersecting members
until Mp develops in aregion immedi-
ately adjacent to the connection.

Type 2. “Simple’’—assumes ends of beams
and girders are connected for shear
only and are free to rotate from the
beginning of loading.

As noted in Art. 4.2 the application of plastic
design principles to multistory braced bents
reguires the use of Type 1 connections between
the girders and columns of the Supported Bents
A and the Braced Bent B. The connections for
the tie beams and spandrels between these bents
are Type 2 to avoid introducing biaxial bending
into the columns. Beam-to-girder connections
may be Type 1 or 2.
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Type 1 connections are achieved most simply
by welding, although connections combining
shop welding and field high-strength bolting also
provide good strength characteristics and econo-
my. Usually the all welded connection requires
simpler details with less likelihood of interfering
with architectural features. Most of the informa-
tion about the behavior of Type 1 connections
has been obtained from tests of welded connec-
tions.

7.3 GIRDER-TO-COLUMN CONNECTIONS

Girder-to-column connections may be classi-
fied as corner, exterior, or interior type. In all of
these, the items tabulated at the end of Art 7.1
must be prevented by proper proportioning of
the connection material, the welds and bolts,
and the column flanges and web with or without
reinforcement by stiffeners.

The loads on a girder-to-column connection
are combinations of negative or positive girder

P = kP,
fe’
43
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FIG. 7.1 FORCES ON INTERIOR GIRDER
TO COLUMN CONNECTION

bending moments, girder shears, axial girder
forces, and column axial force as shown in Fig.
7.1a. These loads do not necessarily act at their
maximum values simultaneously. It is customary
to assume that the girder shear V is carried by a
web connection or a seat, while the moment is
converted to an equivalent couple of flange
forces C and T as shown in Fig. 7.1b.

The compression flange force C fans out as it
is transmitted through the column flange to the
toe of the fillet where it may cripple the column
web we. Research has shown that crippling will
not occur if the following inequality is satisfied:

The tensile flange force T has a different
effect on the column. It bends the column
flange as shown in Fig. 7.2 and in the process
the ductility of the weld joining the girder flange
to the column may be exceeded, causing weld
fracture. Research has shown that this is not
likely to occur if the column flange thickness
satisfies the following inequality:

/ F
te>04 [ap =2 (7.2)
T oy
v

POSSIBLE WELD FRACTURE

-

A

Y

%
—

FIG. 7.2 BENDING OF COLUMN FLANGES DUE TO
TENSILE FLANGE FGORCE




If the requirements of Egs. 7.1 and 7.2 are
not satisfied, additional resistance must be pro-
vided by stiffeners welded between the column
flanges, either horizontally in line with the
girder flanges or vertically between the column
flange tips as shown in Fig. 7.3. Vertical
stiffeners are considered to be only 50% as
effective as horizontal stiffeners. The following
equations are used to proportion stiffeners
arranged in symmetrical pairs.

Horizontal stiffeners:

Af Fyg — weltg +5k) Fye — 2bg ty Fyg =0 (7.3)

Vertical stiffeners:
Yo x Z(tg + Bk)fs Fyg =0 (74)
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(b) VERTICAL STIFFENERS

FIG. 7.3 TYPES OF COLUMN STIFFENERS
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An unbalance of girder moments at a girder-
to-column connection produces shear in the
column web. If the shear stress in the web is
excessive, diagonal stiffeners or a doubler plate
must be used. The forces on an interior connec-
tion are shown in Fig. 7.4a, where Mj4 is greater
than Mjp and V7, is the shear in the column just
above the top stiffener. Fig. 7.4b shows a
freebody diagram of the top stiffener. Column
web shearing stresses are required for equilib-
rium. Assuming that the shearing vield stress
is % the following inequality must be satisfied:

We de \/—_' = Ti—Tg— Vi (7.5)

3

If the thickness of the column web is less than
that required by Eq. 7.5, diagonal stiffeners or
doubler plates must carry the excess shear.

Iv

T VL Ty
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FIG. 7.4 SHEAR STRESS IN COLUMN WEB

The design of diagonal stiffeners is based on
the stiffener carrying the excess shear. Thus,
from Fig. 7.5, the required area of two stiffeners
symmetrically arranged is given by:

Fye
(7.6)

V3
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FIG. 7.5 FORCES ON DIAGONAL STIFFENERS

Corner and exterior connections are special
cases of the condition described above and
similar analyses hold.

The effect of high axial stress on the shearing
resistance of the column web is a subject of
continuing research, but it is believed to be of
only academic interest; beam-columns with high
axial load allow only a small percentage of the
strength to carry moments that produce column
web shear.

7.4 WELDED CONNECTIONS

The welding of girders to columns and of
column stiffeners requires welds proportioned
by plastic design stress values. Butt welds may
be assumed capable of developing on their
minimum throat section the tensile yield stress
Fy of the base material. Fillet welds may be
designed for the shearing yield stress of the weld
metal on the minimum throat section. A safe
value for design may be obtained by multiplying
the allowable working stress value by 1.67. Thus
for EBO electrodes,

Fy =167 x13.6=227 ksi

7.5 BOLTED CONNECTIONS

It is economical to shop weld as many parts
of a connection as possible. However, the field
connection may be accomplished most economi-
cally by welding or high strength bolting, de-
pending on such factors as local codes, availabil-
ity of labor, or the inspection procedures
required.

Since the allowable stress design of bolted
connections is based upon their behavior at
ultimate load, the design of bolted connections
for a plastically designed structure involves
similar procedures, except that the ultimate
strength of the bolts must be used instead of
allowable stress.

In plastic design, as in allowable stress design,
the designer should be free to decide which
bolted connections must be friction-type and
which may be bearing-type. Connections sub-
jected to stress reversal or where slippage would
be undesirable must be friction-type. Thus,
girder moment connections and bracing connec-
tions subjected to wind reversal should be
designed as friction-type, but girder shear con-
nections might be bearing-type. However, the
AISC Specification states in Section 2.7, “when
used to transmit shear produced by the ultimate
loading, one bolt may be substituted for a rivet
of the same nominal diameter”’. This amounts to
recognition of only friction-type connections in
plastically designed structures.

The allowable “shear’ stresses prescribed for
high strength bolts in friction-type connections
give a factor of safety against slip of about 1.4
under working gravity loads. When the shear
stress is increased one-third for wind, the factor
of safety approaches unity. Thus, when the
allowable stresses are multiplied by 1.67 to
obtain an ultimate shear stress, slip will occur
under all factored loading conditions. Of course,
it is not expected that factored loading will
actually act on the structure.

High strength bolts that resist tension result-
ing from factored loading may be designed for
resisting a tensile force equal to the guaranteed
minimum proof load. Thus, even under factored
loading it is unlikely that the initial installation
tension will be exceeded. In calculating the
applied tensile force on a bolt, allowance should
be made for tension caused by prying action.

7.6 COLUMN SPLICES

Column sections change and are spliced every
second or third story. The splice is usually



placed about two feet above the floor level. The
splice must be designed for:

1. An axial compressive force resulting from
the factored dead and live load. (F.=1.7)

2. Axial compression force plus shear and
moment caused by wind acting in conjunc-
tion with dead and live load. (F, = 1.3)

3. Axial tensile force plus shear and moment
when tension occurs under a condition of
full factored wind load combined with 75%
of the factored dead load, and no live load.
(F.=1.3)

According to the AISC Specification, in tier
buildings 100% of the axial compression force
may be transmitted from one column section to
the next by bearing, provided that both sections
are milled. Partial penetration groove welds
having no root opening may be used to join
column flanges when the stress to be transferred
will permit them.

When columns of the same nominal depth are
spliced, full bearing is possible because the
inside-of-flange dimension is the same for all
weights. The weld or bolts and the splice
material serve only to hold all parts securely in
place. If the lower column is much deeper than
the upper one, it is necessary to weld stiffeners
on the inside of the lower column flange to
provide an adequate bearing surface. Alternative
solutions are to provide a bearing butt plate on
the lower column or to develop the strength of
fills fastened on the outside of the flanges of the
upper column.

Horizontal shear forces are resisted by plates
on both sides of the column webs extending
across the joint of the upper and lower column
sections. If a butt plate is used, shear is resisted
by bolts connecting web angles to the butt plate.
Web plates or angles also aid erection by holding
the column sections in line during field welding.
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Tension resulting from significant moments at
column splices is transmitted by full penetration
flange welds or by splice plates fillet welded or
bolted to the flanges. For typical details see Ref.
9.

7.7 BRACING CONNECTIONS

Diagonal bracing is often laid out with its
centerline intersecting the centerlines of girders
and columns as for a pin connected truss. This
arrangement usually permits the horizontal com-
ponent of the bracing force to be transmitted
into the girder flange and the vertical compo-
nent into the column flange—a direct transfer
into the logical resisting member without intro-
ducing a shear into the other. However, other
considerations often cause deviations from this
ideal arrangement. Welded girder-to-column con-
nections, because of their simplicity of detail,
facilitate the connecting of bracing.

Bracing connection details depend upon the
type of member used for the bracing, i.e., rods,
pairs of angles, H-section, or tubes like the pipe
used in the design example. Gusseted connec-
tions consisting of plates and angles, or tees shop
welded to the brace may be used. The high
strength bolt is ideally suited for making the
field connection because of its ability to pull up
the draw in the brace. Tubes may be connected
to gusset plates by slotting the tube, and fillet
welding the tube to the plate, or full penetration
butt welds joining tubes to end plates provide an
excellent and simple connection.

In K-bracing two diagonals join one another
at midspan of the girder. Research 7% has shown
that a stronger connection is developed if the
centerlines of the pipe braces intersect before
reaching the girder centerline, i.e., have a
negative eccentricity. This geometric arrange-
ment causes a partial intersection of the pipes
and a more direct balancing of the vertical
components of the bracing forces.
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CHAPTER 8

Design Example

This chapter includes plastic design calculations for the braced multi-story building in Fig. 8.1.
Chapters 4 to 7 describe the design steps which are indexed in Table 8.1. A design summary of main
member sizes is given in Fig. 8.2.
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DESIGN EXAMPLE - FPART / TABLE
SUPPORTED BENT A 8.2
ROOF GIRDERS '
Line Irern il Opefaﬁbn Bay
Exlerror|lnlervor
/ Edy Soar? #F 27.0 /2.0
Z el 5 a’cxbgf 7 24.0 2¢.0
3 Uil DL+ L L o roo/ st 75 75
4 Esl colurrrm aé/o}‘ﬁ e 1.0 1.0
5 Cleca, gpdn 7 (/)= (%) 26.0 /1.0
6 oo/ tbad or grroer KIF | (2)x3) /.60 /.80
7 £Esl 0L of gircer KIF 0.03 0.02
g Working load AIF | (8)+(7) 1.83 .82
9 Fociored lood (F=17) | AkIF (8)x[.7 3.7/ 3.09
0 | Regd m, A=A | (9)x(5)%l6 13/, 4 23.4
1/ Reg'd £ (A36 siee/) i3 | (10)x12/36 43.8 Zg
/2 Seclior 1FUF300 | 8513
13 rovide Z 77 7./ 1.4

Nole (1) Selec] 14 W grrder 10 rmam/ams Flust cerling
per Seclior  A~A /i F7g. 8./




DES/IGN EXAMFPLE - PART /
TAEBLE
SUFFPORTEL GENT A4
FLOOR GIRDERS 6.3
L ine ITers UriTs Oloeraﬁbn Bay
Exlerror | Imleror
/ Bay spar? fr 27.0 /2.0
2 | Ben/ spaciig s 24.0 24.0
3 Uil O or Hoor pst 55 g0
4 Uit LL or Floor psf 40 60
Live Load Recticlior
5 Floor Arec st (/)= (2) 648 288
& 0.08 = ( Floor coreca) pc/’ 5.8 Z23.0
7 100 (O+L)/4.33 L ] poc’ 548 538
g Percerit LL Rectclior /oc:f Mir?. (6)or(7) 5.8 23.0
g Esl colurrir a/e/'a/% 7t 1.0 1.0
/0 Clear socrz rr (1)-(9) 26.0 /1.0
11| Floor OL or girder kIt (2)%(3) /.32 1.92
/2 Es7. OL of grrroer Y 0.0% 0.02
17 | mectees L o grrcer | KIF | @ran &) o046 L1t
19 | Working load KIE | (1) #12)#(13) 1.82 3.05
15 Faclored load (F=17)| A/ (19%/.7) 3.09 5./9
6 | Regd Mp h-1F | (B)<c0)7l6 | 130.5 | 39.2
17 | Fegd ZCA36 sieel) 3 | (16) % 12/36 435 /3.7
/18 | Seciior 12 uW300 | 10815
/9 Frovice & Vit 47/ /6.0
Nole (1) Sel=cl /4 i~ gf'f‘aé-f' 7o rrrcurieris Flesh ce/ﬁfyg per

Sec/io~r A-A F~rg. 8./
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DESIGN EXAMPLE -~ PART |/ TABLE
SUPPORTED SENT A 8.4
COLUMN LOAD OATA, Working Loads (F=1.0) '
Line llern Urils Operaﬁ'an Columnr
Exlerror | Tnleror
Tribulary area per Floor
/ Frorrm exlerror éay 25x24) | sf 324 324
2 Frorm lersor éa_y (6.0x28)| sF — /44
3 70/a/ sr 1) +c2) 324 468
2 Unil roof load (OL+LL) p.sf 75 75
Uil Floor /ocds
5 | Exrerror éay - dead /0.57" 55 55
6 - Jrie 40 40
7 | Zn/error éay - e — 80
8 -/rve - 60
Locds below ool
9 | oL+LL from roof kips | (3)x(4) 24.3 T
10 | Es7. OL groler (@ 0.03kI) 0.4 0.6
1/ Esl. DL colerrar 2.0 2.0
/2 | oL pora /ae.f (@ 0.25 k/f) 0.25 % 24.0 6.0 —
13 | Werking load below roof Sum (9%/2) | 32.7 37.7
L occs per Floor
4 | oL From Floor —Exf éa kips | (1) x(5) /7.8 /7.8
Vil -7 f (2)x=(7) —_ 1.5
/6 | OL grrotr (@ 003 A/F 0.4 0.6
17 | oL ext wea/l/ @ 060 k) 0.60 x 24.0 (4.4 e
/8 DL colerrr 2.0 2.0
9| 7ol/e/ oL per Floor Swrm (147/8)| 34.6 3/.9
20| LL From Floor -Exl bay |kijps | (1)x(6) /3.0 /3.0
2/ . bayg l (2)x(8) —_ 8.6
z2z| 707/ LL jper Floor (20)+(21) /3.0 2/.6
Live lLoad Rediclior 2 D 57
=100 (D+L)/4.33L<60 el |o=c9) t=r22)| D¥6 !
ol M / P Limil 60.0 60. 2
24| oosclib orec)-Level/Z 0.08 = (3) 25.9 37.
25 -Level 3 2 x(24) 5.8 e Y-
L it Max.R 60.0
26 ~Leve/4fbelw I xc24) FAL
Lirmit Max. R | 60.0 60.0
27 |Rec LL From Floors -belbw Leve! kps (22)=[/ - o] 9.6 /3.5
28 ~below Level 3 2x(22)* - %o /2.5 /7.3
29 -below Leve/+ 1 3 x (22)x [/ - %hoo /5.6 259
30 \Red LL incremen?- Levels 510 24 (22)x f-0.6 5.2 8.6

Nole (1) Use 60.0, roo! cornlirbules dead lood




DESIGN EXAMPLE - PART / TABLE
SUPFPORTED BENT A 8.5
COLUMN GRAVITY LOADS
%}
(1) (¢9] (3) (4) ) (6) (7) (8) (2) (10) g
/ Exlerior Colurrns Irnlerror Colerrirs N {)
e | OL | Red| Working|wext7 |Wix13| OL | Red.|workirng|wixi7|wex</3] D §
¥ Ll | Lo LL | Loa e \
| |kios |kips | Ajps | kijps | Aps | kps kips | Apos A’,}bs hps 7
34.6 | 52 | 39.6 | 6727 | 5.7 | 3.9 | 6.6 | 405 | 66.9 | 52.7
g 23 | 10| 33 56 43 |22 | 12 | 38 |65 | 49
58 |zo| 78 |33 | 10/ | 56 | 28 | 2 |/43 |s09
g g2 | 23 |5 |96 | /150 | @8 | 3/ | 119 |zoz |s55
5|27 | 26 |53 |260 | 199 |rzo |40 | 60 |272 | 208
7 | |2 |328 — | | | 2or |32/ | ——
2 233 | 395 s | 2% |#2 | s
& | |27z | 463 | " R| | 222 |27 | ¥
2 | % Cl | 3r2 53/ N N E 322 |548| O
N V| | 352 |59 U N | | 363 |67 | §
e g 8| | 392 |es N 8 | 8| | 203 |s85| &
i O |#32 |732 | D O | N | 222 | 752 | §
=] ¥ 3| | 277 | goz N 8| | {| | #o2 |#23| §
Q S| | 57 g69 3N N o s25 |9z | O
o 55 937 | N Ay N| | 65 o8/ \%
ol \g 59/ 1005 N R 3| | 606 |ws0|
/6 | 3 3| | 637 |07z | S X| | Y| | 626 |wg9| >
71 R | 3 | 670 |0 X || ee7 |ee |
SR J 7o |rzo8 D T 3 727 11237 |
A1 8 Y | 2o |rz7e X N| | 768 |30
ok N | 790 |/343 g08 |/37#
e/ | Lt L| gz0 |mv | | | g#47 |~<##3| L
gj 750 | 120 | g70 | 1429 | 1130 | 694 | 195 | 689 |/5/2| 1/57
ou V785 | 125 | 910 | 1547 | 1183 | 726 | 204 | 930 |/56/| /209
g | 130 | 952 |re22| r2#0 | 769 | 2r2 | 37/ |/65/ | /262

No7e (1) DL rirrcremen/ befow Leve/ 23

Aol OL colfivrar O.2/ A AF x (/120-567)=05 ,470

Ne7e (2) DL rrerermerm) belonw [Leve/ 24
A OF cotirizry

Aty OF exiorvior wel/ /EE X

&b, 514//7))

0.5

Add F.0 Hips
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DES/IGN EXAMPLE - FPART / TABLE
SUPPORTED BENT A 8.6
COLUMN MOMENTS, Faclored Graovily Load (F=1.7)
Line Ilern Unils| Operalion Co/lurrir
Exlerior\Inlerror
Mormerls af ~oo’
i Grrcaer eff - /i"’c?a/ k-Ft | 726 82 (10) _ /3.4
2 Es7 o fLg 7ob 8.2 @5, — 0.038
3 | A7 € col Mya = (1+4d /L) k-TT — +/5/. %
4 | Girder right FRegd vy | k-F1| 726 a2 cr0) /314 234
5 Esl a./lg Tob 8Z@)5) 0.038 0.09/
6 | At € col ), =M (redd/Ly) | k-1t -/5/.4 | -3/.9
7 | Sporare/ (6.04x057/*.7) | k-f | 7Eb d4ﬁz)‘%"/-7 * S/ —
& Columrs rmomern! af roof | k-1 | -1[(3M6M7)] +/46.3 ~-1/8.5
Mormenls ol Levels 2 /o 24

9 | Guobr /cf’f Regd M), k-11 | 726 8.3 (16) — 130.5
/0 Es/. o /L ey 7eb 8.3 (9)f0) | — 0.038
/7 Afz‘ca//y/ r/+4a’/4 ) | 4-FF — |r50.3
12 | Grrober f‘y/)f Regd M, L-F1| Tob 830160 /130.5 39.2
/3 £s7. 7zb 83@)m) | 0038 | 009/
/14 | A*E cof M = Mo (1*4d/Ly) | k-FY -/50.3 | -53.5
/5 5/aana’f-e/r/44/rxa5#xz 7) | k-FF |76 5:4(/7)%»: L7 +r2.2 —
16 | MNel girdler momern/ o oiral | k-1 | =1 [(1)0805 +/36./ - 96.8
17 G‘oé/gf?/? rrrorrmeri’ /! k- FT 0..5['X (/6) d +69./ -84

Colurnn NMomenl Diogram Srar Convenlion

q) @ A +AM - e * M
Roo? G = A

146 T 7/20,4-# (——J ¢
A
\ 69 teve/Z 48| *Miv
69 K 746
x 69 Leve/F 46[
6‘5‘ 7 28 k-1t w
"M
x 69 Leve/4 43£




DES/IGN EXAMPLE - PART /
TABLE
SUFPPORTED BENT A 8.7
SELECT COLUMNS, Foclored Gravify Load (F=1.7) '
) (2) (3) (4) (5) (6) (7) (&)
Co/ ﬁ}:yé’ Pl2.1mp | Regd 7| Stee/| Trral \Prov £ F/77 Rermarks
ps | kps | Kjps Seclior| hjos 2
Below Regd M |EsT Moc = /- a0t g ) r
Level | k- | #1
b 85 | 5, | (1)+c2) DA-I | DA-I |(1)fte)
(4) or(9) @\ or Source or
(1)%/.12 for £y =36ksi Operalior
7ab 6 (121,18 for £ =Soksi 7
(17) 4
/€4 | 260 | 195 | 405 |A36 |2uwq0| 424 |06/
Levd 69 1.0
/1EF 53/ /145 | 676 |A36 |/2u-79| 836 |0.64
Lev 8 69 1.0 TEWEE| 6/4 087 | My =GO k-f1<69 NG
/&4 g0z /145 | 947 |A3F6 |r2wg2| 974 |0.82
Lev/Z 69 1.0 TEnwas| 899 089 | Mpe =50k-1<69 NE
1EF | 1072 | /145 |r2/7 |A36 |/2wi2d 127/ |0.64
Lewv /6 69 /.0 TEnEws| 1123 095 | Mpe =29k-11<69 NG
IEF | 1343 | 724 | 1504 |A36 |/4w2| /507 | 0839
LevZo| 69 117 TAHAIE| 1433 | .94 | Mpc =52K-T1<69 NG
1EF | 1622 | 124 | 18/7 | A36 |/¥w176| /662 | 0O.87
LevZ24| 69 117 19U 16| 1767 | O.92 |Mpc =86k-11>63 (1)
ZE3 272 10/ 373 | A36 |/2u-90| 424 | 0.64
lev 4 | 48 | ro0 Mpe = 734 -11>48 oK
Z2¢E3 | 5498 | ro/ 649 | A36 |rew79| @36 |o066
Levy & 48 | /0 7258 | 614 | 0.89 |Mpc =34k-F1<98 N6
Z2E3 gz23 | 10/ 924 | A36 |/1zw352| 974 |0.85
Levsz| 98 | 10 7Zw<EL| 899 |0.92 |Mpc =37k-Ff<28 N&
283 | 1099 | /07 | 1231 | A36 |/2wn20| 27/ | 0.66
Lev/6 | 48 VA7, 7Zws| /123 | 098 | VG
2¢3 | 1374 | 86 | /1539 | A3E |/#wrs0| 15687 | 0.87
LevZo| 48 LLT 14wW192| /1507 | 0.9/ |Mpe =11#k-11>48 (1)
23 | 1657 | 86 | 1849 | A36 |reuwr76| /1862 | 089
Leved| 48 | 1./7 19W7167| 1767 | 0.93 | Moc = 75k 17> 46 (1)
/EF /072 | /145 | 1265 |A572 |/2uw-392| /353 | 0.79
lev /6| 69 /.0
/€4 | 1T43F | 195 | /1585 |AS572 |/Zwi20| 1766 | 0.76
LevZo| 63 1.0 1ZWT106| 1560 | 086 | Mpc =//2K-17 769 (1)
IEF | 1622 | 124 | /914 |AS57Z2 |/EWT36| /1999 | 0.8/
Levzé| 69 | 1.77 142027 /1867 | 0.87 |Moc =144k-11>63 (1)
2€3 | /1099 | 10/ | /2397 |AS572 |/Zw352| /1353 | 0.8/
Lev /6 28 /.0
283 | 73742 |10/ | 162/ |A572 /12020 1766 | ©.78
Lev 20| 48 1.0 1EW-106| 1560 | O.68 |Mpe =I6k-F1>48 (1)
2E3 | 165/ | 86 | /1948 |AS572 |/4uF136| /1993 | 0.63 )
Lev24| 48 L IFWIZ]| 1867 | 0.88 |Mpe =/33k-F7>46 (1)
Nole (1) Check LTB

See 7zb/e 8.8
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DES/IGN EXAMPLE - PART /
TABLE
SUPPORTED BENT A 6.8
EXTERIOR COLUMNS, Foclored Gravily Load (F=1.7) '
() ) (3) (4) (5) &) (7) &) (9)
co/ ﬁ’eya’/z" A T/ i = F/a? A/G Allow Remarks
kros | FI |Seclon| kps | w M/ Mpe Nole (1)
Below |Regd M|Rallo Stee/ | M, /5 Moc/Mp | Hfly | Allow M
Level | k-4 g /r-/?'l‘ /i; w7 A-FF
| —— -
Jerb 6.5(4), OA-I | pA-I | OA-T |)frq) |22x2@) | pa-IT
(5) Sowurce or
726 5.6 (17) DAT | DAL | 118 < |r2xter|@xeria)| ] Goeralion
(/-~Py)| (5)
182 | 7133 |s.67|z2us0| 92¢ | 5./3 | 03/# | 23 /.00
LevZ| 69 |*t70| A3s /73 | 1.94 | 0809 | 60 /40 > 69 Ok
1€ 4 56 |967| A36 173 o./13za/5| 60 /.00 Say g=0
Mool | 146 I|tae7| A3e6 Ficik | 70 60 173 | = r96 ok
/€4 | 260 |967|/2uwq0| #2¢ | 5/3 | 0.6/F | 23 /.00
Levd| 69 |*r20| 436 /173 | r94| o457 | 60 79 > 69 Ok
/E¢ | 53/ |g67|zu~79| 836 | 5.34| 0635 | 22 /.00
tev8| 69 |*r0| 436 | 3568 | 305| 043/ | 38 /54 > 69 Ok
/1€a | 8oz |967|/zurgz | 974 | S540| 0823 | Z/ /.00
Levi?2| 69 |+/0 | A3s6 qz/ | 308| o209 | 38 a8 > 69 CA
/&g | ro72 |9.67|72zw=r120| 727/ S5/ | 0843 | 2/ /.00
Levi6| 69 |*0 | A36 s60 | 3./3| 085 | 37 104 > 69 Ok
/€4 | 1343 |9.67| /¢ /42| /1507 | 632 | 083/ | /& /.00
Lev2ol 69 |*.0 | A36 764 | 3.97| 0./29 | 29 99 =69 Ok
tE€4 | 622 |rzo|7#nw<462l 1767 | 6.92| 09/8| 22 o8 |(LT8)
Levid| 69 o A36 | 509 | 0/ | 0097 | 36 g | <69 NG
19uF176 | 1862 | 645 | 0871 | 22 | 0.56 | (L7T8)
A36 964 | 0z | 0./52 | 36 a2 > 69 OK
Allerndle desigr vsing AS572 siee/ Fy = 50 ks/ V50/36 =1./8
14 | 1072 |9.67| /207392 | /1353 | 540 | 0.793 |Z/x1/8| /.00
KLEYN/. 4
Levis| 69 |+r0| a572 | 584 | 3.08 | 0 ze¢|2as | 142 | =69 ok
/¢ 4| /343 | 967|72ZHYQE| /560 | 596 | 0.86/ {f;;/ﬁ 0.48 | (L7T8)
evi0| 69 *.0| A572 68/ 371 | 0/6F |37xr.8| 5% <69 NG
= 44
/12W</20\| 1766 | 5.5/ | O.760 |Z/x1.08| 1.0
=25
As572 | 777 | 3/3 |0.283 {7;/4/5 zzo =69 OK
IEF 1622 |12.0|77WRZ| /867 | 6.23 | C.E870 53;;/8 0./9 (LT7T8)
lev2s| 69 0 | As72 | 24/ |376 |0 /53 |38x08| 27 < 69 NG
= g5
/RN /36 1999 6.3/ 0.8/ |23xr/81 0.59 (LT75)
=27
A572 |/o0/7 377 |\g223 |38x<r/8| /33 =69 OKX
=45

Nole (1) LTE indicales Ihal allowable M, Moc 177 col (8) /s conlolled 5y

leleral lorsional buckling . O

thaicales desigrr ard.



OES/IGN EXAMPLE - FART / TABLE
SUFRFPORTED BENT A g.g
INTERIOR COLUMNS, Faclored Gravily Load (F=1.7) CONT.
(/) &) (3) (4) (5) (6) (7) (6) (2)
Col |RegdrP| h | Trra/ | & Iy 1 A | Allow | Remorks
kips | £ |Seclion| Aos | . M/ Mpc Nole (1)
Selow| Regd M|Ralio| Slee/ | M, lg | Mocip| Aty | Allow M
/=) 'y
Level| HFF | g iy | B | P\ T
o L 2 12#c2) =
Tab 8.5 (9) OA-I | DAL | DA-I| (fra) |SZEL | oa-T } ource o
Tab 86 (17) DA-I | DA-I| 118 % |r2xc2) |(8)xt6)x(9)| S Goeralion
(-75) | 9
2¢3 | /43 |9.67 |/12uF40 | 924 | 5/3 |0338 | 23 1.00
LevZ| 48 |+.0 | A36 /73 | 194|078/ | 60 135 > 45 Ok
23 | 65 |967 | AZ6 173 | L.94 | 0/53 60 /.00 Say g=0
Roof | 120 Fo54| A36 173 1.94 | /.00 60 /73 = /20 ok
2E3 | 272 |967 |/1Z2wWR0| 424 | 5/37 |0.692 | 23 /.00
Levd| 98 [ro0 | A36 173 | 1.94 | 0423 | 60 73 > 48 Ok
2¢3| 598 (9.67 |r2w79 | 836 | 534|0.655 | 22 /.00
Lev8| <98 .o | A36 | 358 | 305 0407 | 38 /96 > 48 OK
2¢3| 823 |9.67|rzwrs9z| 974 | s¢0|0.845 | 2/ 0.38 | (L78)
leviZ| 48 |*.O0| A36 |42/ | 308 |0/83 | 38 76 =48 oK
2¢E3 | /099 |9.67|rzn~rzo|r27/ | 55/ |0862 | 2/ 0.87 (L78)
Levic| 48 |0 | A36 | 559 | 3/3|0/63 | 37 79 = 28 OX
2¢3 | /1374 |9.67|19n~192| 1507 | 6.32 | 0.9/2 | /8 o8/ (L7E)
LevZ0| 48 |+/.0 | A3J6 764 | 3.97|0./04 | 29 64 > 28 OX
283 | 165/ |12.0 |IPnwEZ| 1767 | 642 | 0935 | 22 o (LT78)
LevPd| 48 o | A36 909 |40/ | 0077 | 36 o NG
1FWI76| /1862 | 6.95 | 0.687 | 22 | C.FF | (LTE)
A36 964 | «02| 0./33 | 36 56 > 48 OK
Allernale design wsing AS72 slee/ G =50ks/ V50/36 = /. /8
Z2E3| /099 | 867\ /W32 | /353 | 5.40| 0.8/2 2’;}’” /.00
Lev/6| €8 |*1.0| A572 | 584 | 308 |0 z22 M= 190 > 48 OK
ZEF | /1374 | 9.67|7EnElab| /1560 | 546 | 0.68/ Belrw) o./8 | fL7e)
Lev2o| 48 |*l.0 | AS572 | 68/ |3.// |O.rf0 |37x//8 17 | <48 NG
= ¢4
12w/2o| 1624 | 5.5/ |0.778 zg;;fa A&
As72 | 7/5 | 3./3 | 0.262 P7x00 | 204 | = 48 OK
283 | 165/ |12.0 \TFn<2Z| /1667 | 6.29 | .669 |22 0.04 | (L78)
Lev24| 46 O | AS72 | 9%/ | 3.76 | 0./137 [J5x010 & < 48 N6
19W136 | 1999 | 6.3/ |0.826 |23x1/8| 0.5/ (L7TE)
A572 |01/ | 3.77 |0.2o5 o518 /06 > 48 OK

Nole (1) LTE ioicales thal alltowabd /= M/
by l(oleraf lorsiormra/ ézxcé/xny OA rcteoles desigr ard.

w7 col (8) 15 corlirol/ed

i
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DES/GN EXAMPLE — FART 2
EBRACED BENT B

FLOOR G/IRDERS, Foclored Grovily Load (F=17)

TABLE
8.9

K- Bracing Geormelry ~ Benl 8

O tLeve/rl22 (2)

g.67

“[A l
[0 ™« /00

/3.50’ /3.50"

h=9.67" 0.5L=/3.50" Ly =16.60"

2.0’

Leve/ 23 @

S ¥ %
//3 \ /00

/00/

/3.50° ! /3.50°

h=r2.00" 05L=13.50" Ly=/8.06"

Lire Ilerm Unils\Qperaliorn |Levels | Level | Leve/
FR— 2lozz 23 24
! | Floor OL fsf x24F1 | kIFf /.32 /.32
2 | Portiorn OL 5 /a_-rf‘ x 0.48 0.60
3 | Graer oL 0.02 0.04
4 | Red. floor LL 90pst"x24x(/-0.259) Nole (3) 0.7/ 0.7/
5 | Working load 2.53 2.67
6 | Foclored lbod cF=1.7) (5)%1.7 4.30 430 | 4.54
K- EBroce Forces = 26‘ o ?Vofey/
7 | ver7 force i broce P, hyps |(67% L 28.0 /4.8 | -/96
g Horrz, " Py l (7}-" 0’ 1_ 339.2 /6.7 ~JEL7
g | Resulionl ércfce force F% (7)% Ly / A #8.2 223 -22.3
10 | Min. Ay for eloslic brace n? 1.34 — —
Groced Giroer
1/ | Momeny My =Fw 0.5Ly)]l| h-Ft| @) 13.0] 2| 454 | 954 | <80
/2 | Axra/ for'ce = = ks 39.2 o]
/3 | Est oottt o7 ‘' 0.83
1% | o026 k-Fl\og6xcr2)x3) 149
/5 | Reg & M, *O.96 £ k-FH cr0) +c14) 60.3
16 | Reg a’ £ cad stee/S /2| (15)%r2/36 | 20./
/17 Secf/an Nole' (z2) | o819 | ros/9 | 105/19
/8 | 05Ly /1% 38 <40
/9 | wed a»/w 41.0<43
Nole (1) AF/ V7 vertical reacliorn From gioer belweers
broces adbove ard below Level/ 24.

Nole (2) See 7ob 8./7 2"0?

Nole (3) Perceri7 (L Redwclrorn = O.

er s e

ds

8 X /3.5 F1 x 2Ef) = 25.9

e For cormbrred /ood.




DES/IGN EXAMPLE - FART 2 TABLE
ERACED ENT & 8./0
COLUMN LOALO LATA :
L e Iterr Unils| Operalion Colurrir
Loads per Floor ExTerior|Irnleror
I | oL from floor - Ex7 boy kips| 76 8%02) |  17.6 17.6
2 , & Tt 5a5; Tl 8.4 /5) — L5
7 DL Groer (@ 0.03 A/F7 0.4 0.6
& OL Colurrir 2.0 2.0
S oL ExT. we/! (@ O.60 4k/F) C60x24.0| (4.4 -
6 | OL K-broce porlilion (5ps) x9.67 ) 0.98 x/3.0 6.2 6.2
7 DL K-broce (£s]. O.02 4/ </66) 0.3 0.3
8 Tolea/ oL poer Floor Swmr (1707)| &1/ 38.4
9 oL o /aa'//’" of K -broces (1)+(3)+(6) +(7) 24.7 —
/0 L L Frorm Foor - E£x7 bo Terbs 8.4 (20) /3.0 /3.0
1 =dral. &gy b 8.4 (2/) = 6.6
2 | ek LL per Hoor (10) *(11) /3.0 216
[ ocols below roof
/3 oL+ LL below roof Tob EF (/3) 327 377
JF DL Fromrr A - b—oce 0.5 x(3) /2.4 /2.4
/15 | LL from A -broce 0.5 * (10) 6.5 6.5
/6 Workuwrg load befow rool (13) +(12)+15)| 5/.6 56.6
Nole (/)
17 | Red LL From Foors-below Level/2 Tob 8.4127) 9.6 /3.5
/8 -below [Level T 7ob 84r28) /2.5 /7.3
/9 -below Leve/F 7ob 84(29) /5.6 25.9
20 | Fech L L imeremen’-Levels 5623 | ¥ | mbatzo) sz g6

Nole (1) Use /1ve lood redbtciior as Ffor Serl A

75
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DES/IGN EXAMPLE - FART 2

ABLE
ERACED BENT & 7-5’ /f
COLUMN GRAV/IT Y LOAD
~
() (2) (3) (4) (5)  (6) (7))  (B) (9) (/10) N
L Ex]error Colurrirns Zrilerior Colurrrms §
Y | oL | med | working| wixi7|wixr 3| oL | med | working| wexr.7| wexi3 \%g
7 LL | Loo LL | Lo _ . 3 N
kips | kios | kips | Awos | Aps | kos | Aps | Awpos | Aos | Aos J‘k“’
2./ | 52| 463 | 787 | 602|384 | 56 | 470 | 799 | 61/
"las | e 52 88 66 | 37 | 20 | 57 97 74
§ 77 |26 | 103 |175 |s3¢ | 725 | 32 |09 |/85 | 142
2 |18 |29 | 127 250 |r9/ |12 | 37 |15/ 257 | /96
5 |9 |32 |19/ |325 | 298 | 152 | 96 | /96 337 | 257
~ |~ | 237 |40# | 308 |—_|—__|245 |47 |3m
6 264 |482 | 368 | 292 | 497 | 379
4 30 |6/ |429 |\ 339 | 577 | 490
s |% ‘E 376 | 640 | 489 |¢ *E 366 657 | so/
0|8 y 423 7/9 599 '§ g 433 737 | 563
it | & N 469 | 797 | 609 | ¢ R 260 | 8/6 | 624
2| 8 v 5/5 | 876 | 669 | © 527 | 896 | 685
/3|8 Q 56/ 955 | 730 % h 574 | 976 | 746
w8 |8 608 |/033 | 790 |'X| R 62/ |/056 | 607
o . ¥ % 65¢ |1z | 850 |y A 666 |1/36 | 868
el B D o0 |mss | 90 |} \g 75 |r2/6 | 929
2| = Q 747 |s7269 | 970 |8 3 762 |1z96 | 3990
o | % % 793 |/348 | 103/ |y N 809 |/376 | /057
2 A b 839 | 1227 | 09/ | 3 856 |r256 | 1//2
ol ¥ X ge6 |/1506 | 115/ || | 903 |1536 | 1172
2 932 | /56% | 21/ gs0 | 16/5 | /235
oo ||| 9w |63 |z |L_|L_| 997 |95 | /296
53| 699 | 126 | 1025 |1742 | 1332 | 843 | 20/ | 1094 | /7725 | /357
Sa|woes | 131 | w072 | 1822 | 1392 |\WgE3 | 2/0 | 1093 | /658 | 192/
2)975 | /134 | 1709 | /885 | 1492 |@3s/0 | z/6 | 1/26 |19/ | 1964

Nole (1) OL ircrermer] below [Leve/ 23

Age Of colurrir
Act! OL K -broce /aar"/‘/'a 0.05 AsF x

0.8/ A/F (72.0~-9.67) = 0.5 K1
2 xz2.37=08
Add 7.3 Ao

Nole (2) Load ircrerrner/ below Leve!/ 24

L ine Llers Urnl'| Extt col| Tk col
! |oL oo kps| 8.9 | 204+
2 |oL giroer 0.2 o4
3 | DL colewrm 25 25
2 |\ oL ex] wa// /7.9 <t— — |
5 oL ko -broce poriilion 3.9 g9
6 |7o/z/ oL irndrremens 334 272
7 |7ole/ LL ircremens ' 26 6.0

From 7ob 84 (/4 /5)
178 x05=89

From 7ob 8.4 (17)

T /9.4 x/2.0/967=/79 kps

Frorm 7@b. 8.4 (20,2/)
F.0x0.5 =65

~Z

8.6

0.40x/5./ k,;as




DES/IGN EXAMPLE - FART 2 TABLE
ERACED BENT & 8./2
HORIZONTAL FORCES, Combined lLood (F=1.3) ’
() (2) (3) (4) (5) (6) (7) &)
Werd | Wirsd |Fockred| Faoclored | 707/ ~A Tola/!
L | Lood | Shear| Wird |Grewily Loads|Gravily| Sheor | Shear
e fo Sheor |Bent”| Benl| Load |=0.0045P|Fy=2H+ '
g |Bent &8 |Bents| = H A =4 = 0.0043P N
[ | (F=to)| (F=10)|(F=1.3) |(F=r3) (F=1.3)|(F=1.3) | (F=13) | (F=13) E
Aps hwps | ks | Aps | kps /rré:.s A‘Ps koS % N
20post | Swrtr)| (2)x1.3 |7aob &5 | 7ab 8| 3x(4) | Q.00F<(6)| (F)+(7) | § %
* 96 F1 (s)+to)) |[Gitwal) |+ (5) Si&
xAvg h xz2 | xz N
/8.6 | za.z |zo66 |z426 |g69.0 | 3. 96 27.7 j\'
T 2% 50| w5 |ws | 200 | 836 | 3.3 | 2zs
3 336 437 | #20 | 552 | 18/2 Ze 50.9
i 522 679 | 670 | 77¢ | 260¢ | s04 78.3
& 70.8 g2/ 8/4¢ | /o0/0 3452 /3.8 /06
e 2 T T s
/27 /
E e |4 8 N ) 3
i 164 z/3 | ¢ R N N S
Y /62 237 | % y G ) g
i zos | zez | § 5 § ¢ N
e 220 ze6 | { i B\ R Q
r# 7z | 0 | 8|\ ) X R
P 257 | 33# | 3 N R A 3
A 275 | 356 |} 9 R S N
294 | 363 | Q N =
” NERS AN
/8 3/3 207 |\ 3 \3 t% b
o 33/ | 437 |3 . 3 b
20 50 | 455 | N % h\
2/ v JFe&g 279 J
25| zog | 406 526 |4574 | 5377 (/9094 | 76.4 604
22| 1,5 | 426 554 |475¢ | 5630 |/9962 | 79.9 634
438 569 | 5004 | 58/2 |20624 | £33 652

77
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OES/GN EXAMPLE - FART 2

1l
lLood /'ﬂc/-emcnf‘/

TAELE
ERACEDL EENT & 8./3
GIRDER AND COLUMN AXIAL FORCES, Cormbired Load(F=13) '
() ) (3 (4) ¢5) (6) (7 (&) (3)
;| % Fow | Fow |Girder| bose| A4, | Columnr |/ Column Load)
e Wi +|wird + (Graviiy Ax.Lood| Wind + | Ax. Lood |Exlervor|Z7erve
v | ~PA FPA 2 FPA Worre' + co/ Co/
? . ) ~A .
/rps /rl/os /r?'o.s A—f/'bs A';os A‘;b.s A—éb.s /r;as
Tob 8.12| 0.25x01)| 72b83(6)| (2) +(3) | h-brece| (2)%(5) | Sww (6) | (7) + (7) %
(&) x L3N7 gom‘ L: 7ol B ME) b & 11 (10}
277 | 69 6.9 50
R 357
» | 228 | 57 | 300 1" 5y | BT2 4./ 4./ 72 78
3| 09| 27 o a7 /3.2 147 /55
4 75.3 /9.6 55' i 1/ 273 2/8 223
/06 26.5 o /8./ 464 294 Fo3
';' —_— | = iy 2./ 705 379 389
F Py 29./ 99.6 268 479
7 s s 34/ /34 563 574
8 | N\ 4 39./ 173 662 674
g C S 7 7';’ 24./ 2/7 766 760
/0 % N g 239./ 266 75 850
718 3 22 54./ | 320 989 | 1005
& 5 Q ’ﬁ 59./ 379 1109 | 125
AR N e 64.1 | 443 | 1233 | 1250
5 o N 32 63./ 572 /362 /3850
A 3 5] 7./ 587 1297 | 15/6
N N ! 79./ 666 /636 | /656
i N s 7o 4./ 750 1757 | 180/
"3 R % : 5" 839./ 839 1930 | /957
20 8 T /,;; 4./ g33 2084+ 207
Py ! i | 9. / 1032 z2¢3 | 2267
Sl | =~ ity /O //36 2407 | 2232
25| 0% | 157 300 Se | @72 | 109 J2E5 2577 | zeo0z
on| 63% | 159 | 128 ¢ ce9 | r#2 /387 278/ | 2808
H g5z | 162 | 128 (/g 0.69 | 145 @) 2629 | 285/

Nole (1) Axia/ force py gimder of [eve! 24 Joker» as /he

rerease wr Porrzoriel ShHecr (652 -63F = /18 kios)
ol Level! 24. [ ocds obove leve/ BF ob ~o7
cowse axral load 1y 75 groler.

Nole (2)

Axro! foad v colurrns below Leve/ z4 owe 70
wrre + PN, 15 sorme s obove [Leve/ 24. Sose
oF coleirrir corres bracwrg force 2 =/95 Aps
7o Fowrictiior .
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BRACED BENT & 8.4
COLUMN AXIAL FORCES, WINO AND PA '
27 2. &% Horizorla! Lood EW - Bernl 5

/
(30

{ T (D) For foclred wrimd
Fw, = 20psf x 396 [ x 1.3 = 2.50 k/F

@ For FPA: A /opr"ox/)na'/c overfqz*nk;g
mernerl e 7o FPA by applyrg
borrzomla/ force of
0.004 £&F = 3.98 kjps [7ab &./2 (7)]
ol ecch leve/. For corrverrerce,
reploce 14/5 force f:y
W) =398/9.67=036K/

I EEETETEET]

For wirnd + ~FA
w, = 2.50 +0.36 = 2.66 A/

227. 7"
Wy (K/F)

Forces o Level/ 24

Horrzoria/ sheor— _
FPy=2.686 x 227.7 = 65/ kips Check oK
Vs, 652 /rps v 7ob 8./2 (8)

Overlurensg rmormers] .
M=4x 2.66% (227.7)% = 7%, 142 kjp-17

| EEREEZIER]

s L
q
et
X
a
N
Q
&
g,1

©@ ® ® O

Axra/ lood 2 colvrrims ((Trwss chords)
= __.._7:_:4 ";;?a = 1373 kps Check OK
Moty ) =27 =

. Vs, /387 Kiyps 7 Job 8./3 (7)

N
AR
NN
N
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DES/IGN EXAMFLE -~ FART 2
ERACED BENT &

K- BRACING FORCES, Combined Load (F=1.3)

TAGLE
8./5

(1) (2) (3) (4) (5) 6)
f; Yo ss A a3 % Z “%
= Wizt PO Grouvil 6‘/-‘11//)? Max Mo
e (O+*L (Q) Terzs/or Com/_a/"p's‘
[ A'//'as A‘/P.s kips A';'as A',?as
h~brace| (1) x Job 8.9(3) o
geor. |wb aiz2lxr.3/r.7 | Pz D +@ | @ -@
o
Tob. 8.9
o a.5 —  |wmrepey 9° o
(5)
ZR /.23 7.0 36.9 26.5 + 439 | + /95
/5.6 + 525 | + 109
i 24 | r6l.0 |+ 24
326 +695 | - 6.7
A 4/.1 t78.0 | - 126
2 296 t865 | - 23/
587/ 50 = B/.6
g 56.6 + 104 - 0./
,-Z 75 | #7172 - 466
. 83.6 +12/ - 577/
e 2./ +/29 - 656
p 10/ +/38 - 78,7
/109 /76 - &g2.&6
5 /18 * /55 - 877
= 126 +/63 -99.6
/7 143 #1680 -17
fod /152 t85 | -s25
o /60 +/97 -/34
2o /69 +206 | -142
e/ Y 177 Y r r2/% | —/5/
2z |, 23 186 36.9 265 | +zz3 -159
23 | J32 | z13 19 /26 | rz30 | -zo0
o /.34 z2/8 17/ ~i2.6 #2050 | ~g25"

Nole (1) Below Leve! 2% For iwerled A-broce
7 (Max Jerrsior) = () + (2)

Fz (WNiox Cam/are5)=(3) ~ {2

}
}

Sowurce or-
c;acraﬁan

Load

Incremenl




DOESIGN EXAMPLE — PART 2 TABLE
BRACED BENT & 8./6
COLUMNS AND CHORD ROTAT/ON '
A
P
(D) Eslimale colivrr oree of bose Aq, base = 1.2 x s roof xE_‘i

7’

Asscwrre choro /—a/‘a'/?b_n betow roof A:J roof = 0.0035 o dr s
Axjaf food ol base (wird + L) F bose = /387 Ko [7ab a3l 7]

7o/a! Hemght of frame f = 236.7

Orsiorrcd be/weerr» colivrn?s L =270/
Moct/ers £ =29000 As/
Cotirrtr oreo ol bose Ay buse = 12417 &

@) Selec’ cotwrrirs dbove

A, '(/"%)Ac/ sy B =/.'re/_'q/5f dbove base

0 (2 3 (@ (5) (6) (7 (8 (9
e | he |Ash| A, |Section| A, 2 |otgx10%| R.x10%| R, x 10°
¢ | 7 /n* in? | kijos =f£dg | Allow:
() 7.0-(2))| A 36 sieel 7ab 8./3 |Mole (1) | Sum (7) | 400 -(8)
2367 [x e 43 (7) from base ‘\
N
i N ogse| g |72WF20 1077 | 4.4 / 353 47 éi&'
j 2271 (0.953| 2 /3.2 3 352 48 EE
i2we79 |23.22 | 273 3 349 5/ y ©
4 2078|0878 | 176
; be we | 5 | 36 | 52 | Q&
12WF06 | 31./9 705 & I/ 59
/88, A A
‘; oas 0796 [29.4 996 | 8 335 65
/9nWF /22 | 4/.85 /134 8 327 73
g 1691 |0 7/4 | 4/1.2 /73 /0 /9 8/
/12U /184 | 54.07 217 /0 309 9/
0 |149.70 :
p Piiedt | 266 | 12 299 10/
/2BF2/ 64 3, /2 Vs
2 |1304 0557 |64.7 el | 20 il i
- 379 | /5 275 | 125
1ew-264|7763 | 443 | 14 260 | 140
g 1110 |o469| 76.5 o | ne e |
renc3/2\9230 | 587 | 76 230 | /70
j‘; L \020Y | 2838 666 | /8 214 | 186
14w342\/006 | 750 | 18 /96 | zo#
g 74 (e8| 959 839 | z/ 178 222
rew398\117.0 | 933 | 2o /57 | 243
530 0224|111
?/7 0 |ages 7 032 | 22 /37 | 263
19w426 | 1253 | 1136 | 22 /15 285
gg 33.7 |o/92 | 1236 proprigl [ . phasd
14u~426| 1253 | /138 & 332
i i 7 | 3¢ 8 3
/387 | 34 0 400
Nole :

3.67 Ff above Levels 21023

x .2, 26_72 Sza7x07% forh
TA. T EL T A h =12.0 fI dbove Levels 24425

3.06 x 1077 for

o
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DESIGN EXAMPLE - PART 2
BRACED BENT & TAGLE
G/ROERS, Combrined Load (F=13) o7
A 36 Slee/
(1 2) (3) (4) (5) (6) (7) (8)
L | 13w My |0965d|Regd mp| Seclion| 5L, Wweb Remorks
e | kit k-7t |h-iF | 4ZH T o |
Vv
e |05L,| £ £sl. J |Regd & = ~ Allow.
1| 77 hps | FF | 52 | Kos | 7 | afw
/.3 x r/a)xr/éﬁ 0. 96 % |(Ea)M (3a) (/b)x 12 |Nole(3)
7ob 813 2| aAx3e | (26) |7o-r00(68) Ofacr‘a’ﬁbn
(4) (4a) =36 (56) | M43
4| 329 | 748 216 56.4 |Ywosr9 |35<20| ok oK
/3.0 565 | 063 | /188
8| 329 | 348 |32/ | 669 |/08/9 |35<40| OK oK
/3.0 &4./ 0.83| 22.3
12| 329 | 348 | 4268 | 776 |low25|37<40| OK oK
/3.0 112 083 | 259
/6| 3.29 | 328 | 53/ | 7.9 |lonw 25| 37<40| OK oK
13.0 139 083 | 29.3
zo| 329 | 348 | 638 | 986 |louz9|36<40| oK OK
/3.0 | /67 083 | 32.9
22| 329 | 348 | 69./ | /039 |iow29|36<40| ok oK
/3.0 | /87 083 | 346
24| 347 | 36.7 | 6.9 936 |wonwz39|36<90| ox OK
/3.0 /8 083 | /145

Rool Girraers - Gerl 8 - Exlervor Soys

73 =
Tzb T2(5)
| 238 |woe| a2 9.8 “Panz0| 5¢5>90| 573 | Check b -co/
26.0 357 /47 3a.9 3/7 0.1/ 59 | for Lfr = 40
Nole (4)
Floor Guaers -~ Berl!' & - Inleror Sy
s
Tob 83014
2lo| 397 |F00 | 53 353 | Wps/5 | 33<40| 435 oK
2z | .o 2/ /3.9 | 083 /7.8 /58 acg | 6/

Nofe (1) Grrder regwir—ed Ffor yr-a'wf loa with F=17
Nole (2) Axiz/ lood lkerr as (72 of 7he wrcremer/, o/
Jfoorrzomla/ sheor orr el 8. From 7ab. 8./2(8)
Z =05 x27.7 = /3.9 kjps.
Nole (3) O wcicales web afw < 43 _
Nole () Check lalerally Jocodled beorrr - colwrrr s f{& 55
il Io)

P =357 kios My = /00.6 ko I = (1-0F A2 ) S/
Fox =269 kps M, =/%/3 ko 71 R (/~F)/F3x) Mo
2 =093 ks

0./32+1086 x0.7/2 =0.862< [.OOK



DES/IGN EXAMPLE - PART 2
ERACED GENT B
WEES ROTAT/ION, Cornbined Load (F=/.3)

83
TABGLE
8./8

464 % 10°F for H=367Fdbove Levels 21023

3.74 < /0% for b =120 F] dbove Leve/ 24

K -broce gcomc/‘r*y
= /6.60 1 cbove Levels 21023

= /B8.06 fI cbove Leve/s 24425

Source or
O/Oef‘df.‘faﬂ

@ For girders Ly =26.0 A E=29000 ks/
= A
o -2 954 _ -
g~ A4 Eh A
g g
®@ For x- ér*ac:v}'?q L=270""
A = fé_ 2442 {7zax/o'5 for Ly
4= EAL A‘g 6.94%107% for L,
Asscurre o eR, —-ﬁ_’g o rd M, Ay /—eyaf)*ea’ 76 Lt roklion.
(1) (2) (3 (4) (5) 6) (7)
L |Exteriar| Ay | 7 |0’ A, G |G | A
e | Giolr Wirrd + x /05 |\Wind'*| 7o liri?
; PA 2N roklior
/ % | kips kips | /7%
72b 817 7o 8.13 [(3)/c2)] |76 816 (9)| 7t 8.45)[(6)/(5]]
(5) 2) xcornsy. —(4) 2) x corrsl.
| raws30
/7 6 70 | 142
2 |ws/9 |56/ //5'67 /6 32 /56 | 355
2 e | z2 29 2¢/ | 6.05
pd See | 2 26 326 | 9./3
o | 22 26 21/ | 175
g ! | e | 2 26 996 | 13.9
: . /5.
8 |wsie |56/ | 547 _‘;'; pord gg 51 }
9 |rowzs|735 | 610 | 43 = | e
0 iﬁ:‘; 47 54 36 | 11.3
4 s | 2E 6/ 92/ | 770
/2 el | o5 €9 wr | 0.7
/3 g 2c | 6o 80 /09 | 9.9z
i‘; ! | 64 g0 /18 9.5¢
/ / 3.0
/6 | owrzs | 735 | 109 g'; o | 5= | 2 32
17 | rowrz9 \g53 | 176 s phoes v Uyt
/8 / :;3 7/ 15/ 152 733
/9 /30 75 /68 /60 | 6.93
z0 137 7E 185 /69 6.65
z/ 144 g2 203 177 | 6.35
zz /57 &6 22/ 1866 | 6./3
23 /56 & 324 | 213 | 456
2| romF29 | 553 (”/6 1o) 400 2/8 3.78

Nole (1) See role (1) 17 7ob. 8/3
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DES/GN EXAMPLE -~P,PART 2
TAEGLE
ERACED BENT S5 8./9
A -ERACING, Combined Lood (F=/13) ’
Use weldtble /0{,'06 Wil Y =36 hs/
(/) (2) 3) (4) (5) (6) (7) &) (g)
Line| Brocel Fpe|Area| I} |Ls |Buckting| Allow. Allow. | Aermorks
fow |Size | Ay 3 | S/ress |Compress| 7ersion
Leve/s . For  Vster A
/7 2 ASr kips oS
Mz | Nel M x. Max,
Ay | L COm/aress 7errs/or
< f? 505 A‘gs
AISC Marwal Ve8| (755 | (3)x(6) | (3)x36
Yo Vil e -4 (#g) | A/SC
7eb. /- 36
_ |\ 7=b Ve | | 7685 | Tabass
8.18(7)| 1) (6) (&)
/ Rle3 | 5¢ |61/ 164|100 | 22./ /35 *+ 220 oK
£S5 | 605|153 (+24) +6/.0
2 |47%7 |50 |34 |172|/07 | 20.5 =232 *+*408 |OK for Mox. T ¢C
LES |15 |53 ~3/6 +95.0 |Ay<Min. Ay Say OK
3 |8t | 5@ (1434|172 |07 | 205 -232 *F08 |OK for Max.TEC
pES | 115 153 -656 +/29 |Ap = Min Ay OK
g |/1270/5| 5@ |/13¢ 172 |07 | 205 -232 + 405 OK
oEs (07 |53 -996 +63
5 |\wehkrs | 6¢ | 890 |zz0|84 | 253 -2/3 * 302 oK
£5 | 799 153 -/34 +/97
6 |zowz2| 69 |80 |220|64 | 253 -2/3 +302 OX
£.5 |6.65 |53 -/59 FEE3
7 23 ¢‘ 24 @ | 840 |2z0|392 237 ~/g99 t+302 NG For Max. €
ESN| 456 |68 - 235 + 230
& do | 6@ |/564 |z06|98 | 225 - 352 + 563 oK
DES | 456 |68 -235 + 230

Nole (1) 76 Frrd éucA‘/ éy sl-ess for compress/op brace use

Nel Lo 7ol 1.3 o allow For olesrb of /0w

Ve e/— 0'/70/ /ZWECO./C‘//‘W/? Fror77 A-braoce eomff/’"y/
below Levels o 22, Nel Ly =16.6-/3 =15
beltow Levels 23 & 2% Nel' Ly =18./~1.3=/6.6F7




DES/IGN EXAMPLE - PART 2 TABLE
ERACED BENT & 8.20
STORY ROTAT/ON AND OR/FT ’
(1) () (3 4) (5) &) (7) (8) (9)
L | Cotewrrr | Grroter Eracrg 7oral | WL | Slory|70/a/
e |0 | Ay 74 Ay |/ <3| Roln. | Roln. |OrrFF |\OrdfY
v Wirad*PA| 7 2 Rx/OF | Ax/0%5| A=rFh Ay
? koS £t
F=1.3 | F=1.3 | A=13 F=13 | F=sr3| F=r0 | F=r0 |F=s0
Terb 6./6 | 706 8.18 | 7 8./5 |7t 819 (3)) (4) |(1)4(2)5) (6)/1.3 | (7)%f | Serm(E)
@) (4) @) (@) | *comsl From
Nole (1) bose
2)
; 353 | 1/ 70 |&.1 g | 372 | 266 | 0oz |9-6%°
S| =52 /6 /56 { 19 | 387 | 298 | cozg | 53‘/7
2| 399 | 2z 24/ | 6.1/ 29 | 900 | 308 | 0030|969
z | o6 28 326 |wze | 27 | 395 | 30¢ | co29|@ 54,7/
e | F#/ 3z | <./ 26 | 900 | 308 | 0030|9992
335 | 39 496 32 | 906 | 372 | co30|92/2
7\ 327 | 45 | 58/ 37 | 909 | 3/5 | coso| 0492
g /9 39 66.6 23 | 907 | 308 | oo3z0|9%92
309 43 75/ g8 | 900 | 308 | co30|9%22
';? 299 | 47 | @36 s5¢ | 900 | 308 | 0030|0392
287 52 g2./ 59 | 398 | 306 | coz0|@ 362
g z75 | s6 | r0/ 65 | 396 | 305 | coz9 g- g-gg
| 260 60 109 ! 70 | 390 | 300 | aoz9|%7%°
=| 296 64 /8 76 | 386 | 297 | aoz9|9-27
;5 z3o | 69 | 126 |w32e| 8/ | 380 | 292 | 0coz8 g' g f;"
| 22 63 35 |eg0 | 17 | 39¢ | 303 | 0o29|%2)7
| 496 67 /43 r2¢ | 367 | 298 | 0029|9178
o | 178 7/ /52 /32 | 38/ | 293 | cozs|9 g
20| 457 75 /60 /39 | 37/ | 285 | coz8|% /0/
2, | 727 78 /69 196 | 36/ | 278 | coz7 g- s 7;2
22| 175 a2 /177 Y /53 | 350 269 | oozé i
23| 22 86 66 |sgo | 16/ | 390 | 262 | coz5|%
68 8 z/3 |is64 | 395 | 17/ /32 | oose|9025
2 o0 | z7e lize2 | 97 | 97 75 | coos|0.009

Nole (1) See iler @) in 72b. 8./8 for “corsiol.”
; = A ) E5¢ .
Nole (2) Wor/‘*/ﬂg food! 1T sirraex FfL = 2356 g = 0.0028 /¢l Pheffecls.

Adjusl a1t riraex 7o elirvinadle FPA elfecls.
Frorm 7ab. 8./4 L

. . ™ pes8 —
Aajasfea’ st rrrcex = 238 77/JE Qo024 < O.00Z.
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DPES/GN EXAMFLE - SUMMARY FIGURE

EENTS A AN & 8.2
SIZES OF MEMEERS ’
g
27° £ /z@ 27’
il |

—

y 1©) , @
QO 0 @9 ., @,

k= T Ve/
”

] § I1EW30 N 88/3| r¢u~ 30 §%w?% 683 517;57
N 19 W=30 N /085 ¢85 30 - N wsfs %/05/5 \fé}fe_/
§ oo § do do . E\do /'\ do %&;y
(\\\1“ do N__ ao . ot S_ Vo ba’o “\iggﬁ/"
§ b § & | b g §\°’° /Q il e

6
(\\‘,“ a0 ) o6 { ob ! Sﬂ\aﬁ -ab"\a’o/"
N[H  n|H]| & 7 & [N~
§_ 2 %ﬂa@_- % : § 0513 ‘ihaéﬂ\aé/-
N ] P e pa—s " X% ]| & 2
) N N
' % % =% 2 % \a’/ p \ab/
bl B - N N I~
s Q7 C S T /3 %F - S 1
L)) S ot Q| &t o N ot ot ok
o § . § . o /% i’\o/% i N
N @ ¥ & | NG BN
W %ﬂ oo Q“ab“"‘ oo --QN‘ 4 3 ab -c/o-. S0ES, il
\ § § § . NS § g
VA 52 A e RN
i
Nl A N 2 il N2
\[T & §[E R P %"’&\d’ta’o\“’c/
N—» e - - /9 E S e — =
N6 § o [g Yo " p
N Nl N | NG N2
S YOl 2 B G ANEINE
E 2 : o6 ‘§ b =§ ‘§\ab NEING
2z
L TE ERTE ORI E o[ Nege]
N © ab ob | ob ~ o o | @@ 6//2065
N S L § ¥ \
S é awso \|oes|\ Tewrso |8 £ ‘i& w29 \|wss
W S N | 5 N i \“!t_J ‘ %/rngs ]
PR - = 5 s 4 - L. = . V= L
\  Syrr. aboul & L Syrrrrr. abou’ €
| i
BENT A BENT 8

A/l slee/ A36 excepl’ colvrirs w2 el A showrr? Fbus (/25 /20)
which ore offercie srzes v A572 ( /‘_}—-'50/4—5/) siee/



DES/IGN EXAMPFPLE - PART 3
TABLE
EFACEDL ENT & g.2/
COLUMN MOMENTS '
Girder £rd Mornerls, M,
- LW - ElasTic 7
M = z /2~ E/aslic momer?
e fPorl6 ""5 j e /6 ~ Plastic rmormerl
Line Itern Urils| Exlerior Say Irlerior Say
I | &y fr /3.0 /1.0
2 |w kIt |2.53 [726.89(5)] | 305 [72b.8.3(/14))
3 | M, - fockored gravily bod (F=17)| k-1 "'_—“:’_?ng = 60.5 ﬁ;’—égg = 39.212)
4 | M, - foclored combined load (F<13) |k-FT | Fut = 34.7% |Futl = 40.0
76 2
. ) . =13 = 7
[ I7e
i i prils G/’aef“affon ExT' Col | Inl Col | ExT Col\ln Cof.
Colurrirs Mormeri/s Levels 21022
5 | Gurdler end momen Me k-Fl'| Same as(3)or(4)| 347 | 400 | 60.5 | 39.2
6 | Mormerd from shear (Nofe3)|k-Ff Fsz!-saé sa=to| /0.7 | 10.9 | 140 | 143
7 | Momen/ af co/ € k-1 |(5) * (6) 454 | 509 | 745 | 535
8 | Giraer lfeflalcol €, Mg |K-1T — | 454 | — 745
9 | Girder right ol Cole, My, |k-FF 454 |-509 |~74.5 |-53.5
10 |Gparra-ef Momenls (/2.2 <F/L7) k-F1 b a6s)< /1.7 | 9.4 — (222 —
11 | Nel gircler mormens on joinl | k-1 |-/[(8)++10)] | 360 | Z4 | 623 |-2/0
12 | Coterrrars rrorre 7" A-ft|ciyxos /8.0 27 | 312 | -w0s5

Coliurmrs Momreri/ Dragrarms

Foclored Combied Lood (F=13) Foclored Gravily Load (F=/7)

O oot o @ O moor
16\ |~ | Jreok-F 6\ |~ | Jreo k-F7
€ Leve/2 |[3 3/ Level? 1 Sty vl
/8 2 37 i e
{ T JJB
18 Leve/3 \3 ! Leve/3 |
/8 3 s\ v v f_’fﬂ-
“Ms {___)1‘ Mia
/8 Leve/d |\3 3/ Leve/4 /
A
No/es —7 A‘Z’U
1) 5L, becowvse of K-broce - see 7ab 8.9
@) Loadirg corchlion Tha! corilolled /He grrobr s/ze
(3) Grrdler rmomers] ol colivrmrs & = [’We * F'wLyaé /4] -
() ool rmomerds some os &erl A- see 755. 86 0,

87
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DES/IGN EXAMFLE -rP,ART 3 TABLES
BRACED SENT & .22
COLUMN CHECH 8.23
) 2) (3) (4) (5) (6) (7) &
Exclersior Colwmrs Tlerror— Colurmrs
P =17 F=/9 F=77 F=/3
e /ow
Level/| <~ M ”~ M ~ M ~ M
kios | kio-fH| kips |kio-P2|| kios | kio-#7| kios | kio-/T
7&5,&7/(4) 726,02/ zaé.a’ism 7;2.42/ d.gmr* 26,82/ | 7. 8/5H kéd:/
Fool | &8 146 72 /46 97 i /20 78 /20
2 175 3/ 147 /8 /85 17 /55 3
g 640 3/ 662 /8 657 1/ 674 3
/6 /269 3/ 1636 /8 /296 V74 /656 3
2+ | 1885 3/ 2829 /8 19/4 1/ 285/ 3
* Trcheoles con/?“o///hg corrdiliors wsed v Tob 823
Toble 823 Check Colvrnis - LFerl S
() (2) (3) (4) (5) 6) (7) (8) (9)
Col. |\Regd/ P| A 7r-ra/ f’} e P%f hLirg | Allow e rmorks
ks | FIL |Seclion| Aios | w2, M/ Mpc
Below|Regd/ M|Ralio| Slee/ | M, lg |\ Mo/t | sl |Allow M
Leve/|A-FL | ¢ A'-p £ 'g-v e/ /% h-rr
¥ Vel 7b.8/604)| ODA-I | DAL (1) [(4) |2=@&)| OA-IIT
72b.8.22 (5) Sowrce or
¥\ orle 04-I |pAa-I| 1.08 x | s2xc2)|@xt6rxa)| | Qoeralion
7b.822 (-7 ) (5)
Exlerior Colinmns
1E4 | 175 |8.67 | r2u-g0| 424 | 5./3 | 0.4/3 | 23 /.0C
tevZ2| 3/ |+r0| A6 /73 | 194 | 0693 | 60 /20 >3/ OK
184 | 88 |967| A36 | 173 | 194 | 0208 | 60 1.00 |Say g=0
ool | 146 |*oz/| A36 /73 | 7.94| 0935 | 60 162 |=/46 oK
1E4 | 662 |9.67\reuwr#2| 1507 | 6.92 | 0439 | /8 /.00
Lev8| 18 |+.0| A3E 765 | 397 | 0662 | 239 506 |=s/8 0K
IEG | /1636 | 9.67|/2n3/4| 3323 | 690 | 0492 | /6 1.00
Levic| 78 |*/0 | A36 | /835 |420 |os599 | 26 | /099 |=/80~K
/Eq | 2829 |/2.0 |rewqzs| 4509 | 726 |o.627 | 20 /.00
tev2d| 78 | o A36 | 2608 | ¢3¢ |oss0 | 33 | 1198 |= /80K
/oo Colivrrs
283 | /85 |67 |/2urs0 | 424 | 5./5 | o436 | 23 100
LevZ2 /| +lLO A3JE 173 /.94 | ©0.666 | 60 /5 =1/ O
2e3| 97 |g67| A36 | 173 |r94 |0229 | 60 100 |Say g=0
Aool | 720 |*oo9| A36 173 |r94 |08/0 | 60 /57 > /20 O
2¢3 | 674 |67 |/fnr82| /507 | 632 | 0947 | /8 /.00
Lev8| 3 |*o | A36 765 | 397 |0.653 | 29 299 > 3 O
ZE3 | /1656 |67 |/F-F/E | 3323 | 690 | 0498 | /6 1.00
Levis| 3 |0 | A36 | 1535 | 220 (0592 | 25 /10686 |=3 oK
2£3 | 285/ |/2.0 |/14n926| 4505 | 726 | 0.632 | 20 l.00
(ev2d| 3 o A36 |2608 | £3¢ |0#3# | 33 /732 | =30k




DES/IGN EXAMFLE - FART 3
TABLE
GENTS A AND B 8.24
COLUMN CHECK, Checkerboord Lood .
() (2) (3) 4) (5) (6) (7] (& (9 W) )
Berl A Berl 8
. . - Levelstl | Leve/C |LevelsUyl| Leve/C §‘
Linel ITern hils| Operalion Z -
7e Inl |ExT \IAT |ExT “;)7.‘ ExT \IAl |Ext &
Full | Dead|Dead |Full I"Fu// Oead \Dead | Fil/ "\b\
/ Fw  |kIf |7ab 8305)or 89(6)F=1.7| 5./9 3.09 || 5./9 4.3;"’\%
2| Fuy |kif|F=17x72b83 or &9 2.3/ |3.30 309|330 N
3| Ly |ft |\@basw)orazic) |/1.0 260|100 |26.0||/10 |13.0 (1O |20 |8
4 d; fI |7zb.83(9)or82/6) | 1.0 | 1.0 | /O | O || 1O | 1.0 | fO | LO
5 | M, or My |k-Ft|b.0306) or Teb.8.2/(3)|-35.2 |+130.5|-33.2 | #1305 || ~F9.2 |* 60.5|-F9Z |*60.5
6 My |k-FtEg 62,52 (3)2 +/30.2|-33.3 +435|-33.3
7 |\ Aull \k-fl|Eq6.1; ) *£01)(3)(4) -534 +74.5
8 |M; Dead | k-7t .57 6.7, (6)+£(2)(3)(%) Com,aarc' 15) arrd (6) *53.6 | =424
9 et Girdom k-F1 9’6‘/ (7) % (8) W ~M, . plasiic +0.2 #32./
10 | Col Mom\k-fI| = 0.5 % (3) hm o5 Birvhy conorll =il -/6.1
77 g — o) Leve!/ (1) LevelC| tociored dead /bad ~0

Srgrz Corverilior: +
Bernl A - Pb.sf e P yes Torm vrcler

Foclored deod lood . .checkerboard ) ( }
/oa'a’/ﬂy /s 7 e scvme o5 1w/l
grovs 7}/ /oa' //7_7 Al colivrwrs OA - .
See
.y
Bernl? 8 - Exlersor Colsmrzs

Frorm 7eb.823(6), all /7 < 0.90). :
7b.8.23 7)) o] HYiL < 25 |22 cling Shemghs OK

All AR ard blly (7ab.823) fal] below The
curve &7 F/_g 6.2 S ALTE OK

ALl exTerior colvmms O for checkerboore /aaaf}'?_q

Trlerior Colrrris g =0

Frorm Jab. 8.23(6), o/ F’/P <090
72b. 823 (7), al/ /; 28

“Berdirg siremng. 75
Sorme as 1wl /aafa//fg
7ot 8.23 (8)

All P/ ard by (72b.823) %/l ) - ;75 op
ée/ow/i;?e caf—v/e v F7g. 6.2 i L

Al Allow M, b 823(6) = 16/ k-FI
Al 17erior colirmms O for checkerboord loadig

89
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DESIGN EXAMPLE - PART 3 TARLE

BENTS A AND B 825

GIRDER DEFLECTION, Working Live Load

3
Sa'/;.sf_’y Eg -X-4 / ‘f' &t
364 5[ 360
For £=25,000ksi, Vi, = 647x10"% ﬁ—-i— where I=int W =klf, Lg=F1
(1) (2) (7) (4) (5 (6) (7) &)
RED. W ‘z_, 1 & Ly \dsLg xwo
Member| Localior | AIF £r in* 13 - Remarks
Tzb 8303 7
= or | 76 Hondbook (4)? | 647> (3)(6))]
8.905) | 8.3010) &7
Berl A
Floor,
12630 sl 096 | z6.0 | 2696 Y7580 | 18/ <278 OK
w815 |oorg 4| 111 | 110 | 688 |33/ | 139 <278 OK
1awz0 | ooty | 072 | 260 | 2696 Y7580 | 282 | 2278 Say oK
86/3 |Fooryy +| 072 | 170 | 395 |/33/ /57 2278 OK
Bernl & @
10619 I”Wéx s | o7/ | 1320 | 962 |2197| ro5 L278 OK Nole(2)

Noles :

(1) Roof arrc wilervior éo ‘gff'-aé-r".s somme os e/ A
@) Lgﬁ/&sf Foor _gxx—aév- L olher members will be O
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DESIGN EXAMPLE - FPART 3
BENTS A AND B TABLE
GIRDER LATERAL BRACING G.26

Mormers] Drograrms ~clawrs or lensiorn side ol mechorism load
co/ co/. co/ co/

27’ /2 27

7erlolive floor jorsl spocing @ Exl' Soy -3 7 oc.
ST bt e = 247 ae

Jorsls are olffocked 7o 7He ié’vp Yearige of girders

) @) (3) (4) (5) (6) (7)
Seclror Lg 7] Lg xs2'| Max. Brocing @dcxb?gn
p ) A e Rermarks
i Y | Center | Emels |
Ber/ A
85/3 1o | o83 | 159 |e54 =5¢in|654 =540 |> Jors/ gee
108 /5 110 | 0.80 | /65 |65/ =521 |654 =52 |7 loo F1g.

EWS30 | £6.0 190 223 |38/, =53/.|65/; =3/ |~ (749

Benl' 5@
105/(9 /3.0 | 086 | 18/ |654 =56m|65/ =564 |> J&/lsf.;oac‘
rowzs | 130 | 1.3/ | 1/9 |657, =85m|657 =85, |7 . Joo Hg
owes | /130 | 134 | /1/6 |65 =87 |657; =87m. |7 OK

Berl A - No addilioral bracring regured

Eeril & - Cormpression > bol7orr )ﬂ/aﬂ_gc o/ m/b’s/oan o’
ex/erior . FProvicle bollorr chorco jors
ex/ernsions ol he lwo localiorns showrs.

ﬁ_ 27 c.e

i \ /f/f- broce

|

—

ExTerior Bay Gfrb{r_/_'___ L

Jorsls o/’ 3%0 ce.

Broce bollorm f%:?ﬂ_ge o/
these Two localiors

Zrlersor By - rr0 o liora/ é/‘dcw‘vy re7c//)'ea/

Nole -

(1) From Frg, 6.4,
(2) Ir/ervor éay sorme as Ber/ A



B DESIGN EXAMPLE - FART 3 TABLES
BENTS A AND & 8.27
GIRDER SHEAR, UPLIFT AT FOOTINGS 8.28

£g 612 £ £5 33
v,

max & allow

7wl
I7HL S 055 £ wd = L0wd for A6 stee/

() (z2) 3) (4) (5) (6) (7) @)

. g w Vs 17w & Vizza x
Seclion ot o kinw | At 7 Kips Foermarks |
B/ A
88/3 &.00 0.230 | F6.¢4 Jog |- /.0 /7.0 L FEF OAF
05715 000 | C230 | 455 S./9 /4.0 28.6 L 455 OK
EWw 30 | /386 |\0.270 | 74/ 37/ 26.0 dO05 L 74/ ON

Berl 87
108/9@ | 1025 |o.z50| 508 | 430 | 13.0 | 280 | 508 or

Noles : (1) Irlerror 6 Sorre os Ser/ A
2) L/_y/‘)/ésf sec/}on . olbers are OX olso

Toble 8.28 - U/l of Foolings - Bernl & - Working Load F=10

! Col. load, wind + PA (706,813 w/F=13) = /387 kips

g "%, From k-broce [7ob.8./3(6) w/F=/3] = _125

3 Yowara Force o’ F=/3 /532 _
gl F=/,0 (3):1.3 =/1/78 kips

U/o//l"f & ffawara/ force — Deod yf-aw'}_fy load

Exlerior columms = //178- 375 = 203 kps t/p//_}"/
Irlervor coluriris = /78 -9/0 = 268 A‘fa,s a/o//f/

Dead araviiy load
7275'73 7/ (}y 6)
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DES/IGN EXAMPLE - FART 4 EXAMPLE

TYP/ICAL CONNECT/ONS /
GIRDER 70O COLUMN - BENT A Al welded

/2 W= 58

77e Becrr - 73'//.'75 E corin.

Leve/ 6

ﬁk /4 W30

/1/

a. AlSc Tyoe / cormreclion
b Weld gider Flarn ?es ard weé for Full ok /A /o develop e Fld

(aSTic rmomers) ard e fac area’ S ea/‘ Research shows M,
developed despile loss of seclion ol cope foles.

c. Shear /ab/é Shoo welded /o colimmr carries ereciiorr bolls ard
serves as b Yo or wed weld
d Check colivrmr web cr-y'?/a//by o/ 1% w30 com/orcssbn f%vge
W (L +5k) e 2 Ar g
0.F6(038+5%/25)36 vs.6.73 % 038x36
a6 A’?s < 92 /('//a.s
Desgn force for delermiming sliffener area arnd welds /s -
FZ2-86 = 6 A‘;a.s‘
I 1his case wvse o romriral ckress o siiftese~ egua'/ 7o /% W 30 f/anye.
Say 4" ’ Web cn;ap/ 79 o’ compress o )"/aﬂyc of 108 /5 raol

criivea! by /ﬂ.s/accifon

e. Check columr r%rﬂye berichig o/ 1% w30 Jerrsior /'/aﬂye

’ .
>
0.64 V504 1/ 6.73 x0.38

O6F =064 OX
No slifferer reg'a.’

F E 70 eleclrodes. Ullinale sirengls of Filk) weld /.s
167 % (5.8 =x.707 = -— =L/6=L/6 A'/as/aer /ﬂcA/aer 6 weld size.

Weld size| Stress %,
3
& s 3
T 46
5
a 3.8
+ 7.0
o 9.3
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DESIGN EXAMPLE - PART &4
TYFP/CAL CONNECT/ONS 2
G/RDER 70 COLUMN —-BENT A Freld bol/led’

EXAMPLE

V4 #li‘-'.fd
> S, ce ]oaf' ]
= 5&75 . F Spoce for
77e Beam ng)ns
~—~— Ji—r_*_ IZSS
- ﬁ /0815
4nw=30 | \ Iae
L N +—t
S —— 4 |/
N
4

Y

AlLscC. Type / cornneclion.
Assurme M, aZ/raé/- c/ewe/zea’ e /a/a/és ma/ Faclored
5ear'c

sheor car-/-/e w /e, ows M, o/ beorrr cor?
eveloped o el seclorn MHhrou /94 st row o Bolas : ; 1rrclion - }‘5‘//0@
bolled! correciion effeclively rv/ﬂ/b/-aas el seclior.

£ 70 elec/rodes — See £, xarrple /

F'/-/cﬁon Ay e bolled cormeciion. Ulimale Sigl shear .sfrmy/%
R

'a/a' 25 boll 1s
/.67 x/5x06 = /.5'/4795

Delerrmimre Haorrge /a’/é ard bolls for /% W30
ar'ﬂ/séea/ = /4.3 k-1

M, 14/.3 = /2 .
c=7= ;f-= L2 1% 5 /22 Aips
% /3.86

Plole s/ze -~ aossvrre 7" wrdlb
L(7-Ex/)36 =/22 o
t=068" Use %

No. of bolls = %-6/

Use 8-7" A325

Delerimire web cormeclion

V= ﬂ’é—"é”—z‘—s: 90.2 hpps  See 7b. 8.3 Line /%

No. of bolls = fg—z =27 Use3-% Asz5
FPlale size - assurme 8% lorg

tx65% 7% = 902

1=.2%5 Usek”
5/‘)0/0 frllel weld o colurrr

402 _ :
“Zx85 2.4 A'//ﬂ.

Use 1" Fille] weld both siaes

Mi. Size for colirmrs Horge

g Sl errers o Frewbu.s exormple OK
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OES/IGN EXAMPLE - FPART 4 EXAMPLE

TYP/CAL CONNECT/ONS s
BRAC/MNG CONNECTIONS - BENT &

)\/
Level! 5
! e |
© r! 10819
:i’ s
N \\
5/
! 3
ZL‘D/ i y
N 5 OFs Ppe
4 LN\ 724 8.15(5) 7eb. 8.15(6)
+78% om -14.6%
78
2 . 2/
e 7 wice [ AELE 216
. z% - 300
; e, T34 bai3s)
* 7eb.81302)
l% 0.72
1.00 Wrax.

a Welded 7 F'/an_ge 6x6x %" (some os pre Worchirress )

Web A= ;— =28 . 2/6 - Use 6"x5p"=3.0 sg. 2. Tor slhiffress
y JFE

b E 70 eleclroots (See Exa@a/é/)

c. Freld weld 7 7o yas.sef p/d/c B
(5+6+5)x58=33 kjps > 76 kpps  Use T 7

Voo derlhps = r0kps tsehi” D

e Sh i ovssel plole o 10819 of m@aﬂ "7
o’zan';; x .5-/559@'95 > 796 Use ¥, 49—

79.6 Nzw
TN F-74 7

JI4 534



96 DESIGN EXAMPLE - PART 4
EXAMPLE
TYFP/ICAL CONNECT/ONS 4
COLUMN SPLICE — BENT 8
@ M- D:;:ry.
l (7zble 82/) F=1.7
Leve/ /S % 3/ /8.3
i{ \
M o
R A .
20 £ 3/ \3/ 2.84 "~ 16.59
K3 i .
. ' +4%
JUL [ /8
ol T/,
o © 3
E % | 3.03
Ny 4
/869
Cordilior /.
Axra/ c«:m/arc.sszbﬂ ~ L. E LG FTLT - /584 k  Tob. 81//(4)
Mormenl /i1 colurmn &l splice 18k-Ff M- Diag. above
Cordiliorn 2
Axra/ Com/ar*es.sr'o/? BOL, Ly LS - 7211k fa’é B.1/(5)
Wind +PN; F=1.3 - 1032 k 72b. 8.43(7)
- 2243k  72b.8./3(8)
Mormer]  columr al .s/o//ée _ 105k 7ab 82/ F=13
Shear ard mormenl ate /o wrd o Broced frome
Cordiliorn 3
Axs/ fersiorn - Wi, F=1.3 + /032 7eb. 8./13(7)
75% foclored D.L. .75'x1.3 x 8/6.8 - 796 7b. 8.1/ (1)
+ 236

Design for - 2243k, + 236 k, mormen] regl.

Use /aar/}'a/ /oencfr‘a/}bn bevel groove weld.

. _ . [284 _
Mirr. 7g = | & 3 0.665

7. Io carry +236 k below

236 _
5 =2x%x/6.59x%7,

7 =020 Use % weld T +1"



L

References

. Lehigh University

"Plastic Design of Multistory Frames.”
Lecture Notes Vols. 1, 2. Bethlehem,
Pa., Aug. 1965.

. American lron and Steel Institute

“Design of High Rise Steel Framed
Buildings.” Continuing Education
Program, New York, N.Y.

. American Institute of Steel Construction
Steel Construction Manual 6th Ed.
AISC New York, N.Y., 1963.

. U.S.A. Standard Institute

"Minimum Design Loads in Buildings
and Other Structures.”” American Stan-
dard Building Code AB8.1-1955.

. S.C. Goel and G.V. Berg

“Inelastic Earthquake Response of Tall
Steel Frames.” ASCE Conference,
Seattle Wash. 1967. Conference Pre-
print 503.

6. T.V. Galambos
"Lateral Support for Tier Building
Frames,” AISC Eng. Journal, Vol.1,
p. 16, Jan. 1964.

7. Le-Wu Lu and H. Kamalvand
“Ultimate Strength of Laterally Loaded
Columns.” Fritz Engineering Labora-
tory Report 273.52,Lehigh University,
November 1966.

8. N. M. Newmark
“Numerical Procedures for Computing
Deflections, Moments & Buckling
Loads.” Trans. ASCE Vol. 108,
p. 1161, 1943,

9. 0. W. Blodgett
“Design of Welded Structures.” The
James F. Lincoln Arc Welding Founda-
tion, Cleveland, Ohio, 1966.

10. J.G. Bouwkamp
“Concept of Tubular—Joint Design."
Proceedings ASCE, Vol. 90, ST2,
p. 3864, 1964.



08 Design Aid |
PROPERTIES OF BEAM-COLUMNS

A te | #y | Z A36 A572 F, =50 Ad4T
Section Py M, Py M, py Py M,

in? in in in? kips k-ft kips k-ft ksi | kips k-ft
14F426 12563 | 7.26 | 4.34 | 863.3 | 4509 | 2608 | 6265 | 3622 | 42 | 5263 | 3042
141F398 117.0 7.17 | 4.31 | 803.0 | 4211 | 2409 | 5850 | 3346 | 42 | 4914 | 2811
14WF370 108.8 | 7.08 | 427 | 737.3 | 3916 | 2212 | 5440 | 3072 | 42 | 4570 | 2680
14NF342 1006 | 6.99 | 424 | 637.0 | 3621 | 2012 | b030 | 2804 | 42 | 4225 | 236b
14MF320 9412 | 6.63 | 4.17 | B92.2 | 3388 | 1777 | 4706 | 2468 | 42 | 3963 | 2073
14NF314 02.30| 6.90 | 420 | 611.5 | 3323 | 1835 | 462b | 2647 | 42 | 3885 | 2139
14F287 84.37 | 6.81 | 417 | B51.6 | 3037 | 1655 | 4218 | 2298 | 42 | 3543 | 1930
14F264 7763 | 6.74 | 414 | b02.4 | 2795 | 1507 | 3882 | 2093 | 42 | 3261 1758
141F246 7233 | 6.68 | 412 | 4645 | 2604 | 1394 | 3616 | 1935 | 42 | 3037 | 1625
14WF237 69.69| 6.65 | 411 | 4454 | 2509 | 1336 | 3484 | 1856 | 42 | 2926 | 1569
14WF228 67.06| 6.62 | 410 | 427.2 | 2414 | 1282 | 33b3 | 1780 | 42 | 2816 | 1495
141MF219 64.36 | 6.59 | 4.08 | 408.0 | 2317 | 1224 | 3218 | 1700 | 42 | 2703 | 1428
14WF211 62.07| 656 | 4.07 | 391.7 | 2235 | 1175 | 3104 | 1632 | 46 | 2865 | 1502
141F202 69.39| 6.54 | 406 | 373.6 | 2138 | 1121 | 2970 | 1656 | 46 | 2732 | 1432
14WF193 56.73| 6.51 | 405 | 36b.1 | 2042 | 1065 | 2836 | 1480 | 46 | 2609 | 1362
14F184 5407 | 6.49 | 404 | 3375 | 1947 | 1013 | 2704 | 1406 | 46 | 2488 | 1294
140F176 51.73] 6.45 | 402 | 321.3 | 1862 064 | 2586 | 1339 | 46 | 2379 | 1232
14WF167 4909 | 6.42 | 4.01 | 3029 | 1767 009 | 2464 | 1262 | 46 | 2268 | 1161
14F158 46.47 | 6.40 | 400 | 286.3 | 1673 859 | 2324 | 1193 | 46 | 2138 | 1098
14WF150 4408 | 6.37 | 3.99 | 270.2 | 1687 811 | 2204 | 1125 | 46 | 2028 | 1035
14NF142 4185| 6.32 | 3.97 | 254.8 | 1507 765 46
141F136 3998 | 6.31 | 3.77 | 2427 | 1439 728 | 1299 [ 1011 50 | 1999 | 1011
14WF127 37.33| 6.29 | 3.76 | 2259 | 1344 678 | 1867 941 50 | 1867 941
141F119 3499 6.26 | 3.75 | 210.9 | 1260 633 50
T4WF111 3265 | 623 | 3.73 | 196.0 | 1175 588 50
14WF84 2471 | 6.13 | 3.02 | 1454 890 436 50
141F78 2294 6.09 | 3.00 | 134.0 826 402 50
140F74 2176 | 6.05 | 248 | 1256 783 377 | 1088 623 | b0 | 1088 523
141F68 2000 | 6.02 | 246 | 1148 720 344 | 1000 478 | B0 | 1000 478
14FG1 1794 598 | 245 | 1024 646 307 50
141WF53 156569 | 5.90 | 1.92 87.1 561 261 780% | 363 | 50O 780% | 363
14F48 14.11) 5.86 | 1.91 785 508 236 706*| 327 | bBO 708%| 327
14FA3 12.65| 5.82 | 1.89 69.7 455% | 209 50

Note: Values of Py and Mp are shown for compact sections only.

d

F), = 36 ksi; —b-=<_17.4, — <43
¢ w

F

y = 50 ksi;

b
t

: o D y d . .. ..
*Section satisfies Treqmrement, but may exceed—‘x)- limitations shown below.

d
Fy, = 36ksi; ~— <70-100P/P,

but need not be less than 43

Fy = B0 ksi;

<14.8, % < 36

d
£y < 60-85F/P)

but need not be less than 36




Design Aid |—(Cont.)

PROPERTIES OF BEAM-COLUMNS

99

A re - 7 A36 AB72 y = 50 Ad41
Section Py Mp Py Mp Fy Py Mp
in? in in in? kips k-ft kips k-ft ksi kips k-ft
12WF190 586 | B:82 | 325 | 3115 | 2011 935 | 2793 | 1298 | 46 | 2570 |1194
12WF161 47.38 | 570 | 3.20 | 259.7 [ 1706 778 12369 1082 | 46 |[2179 996
12/F133 39.11 | 569 | 3.16 | 209.7 | 1408 629 | 1956 874 | 46 | 1800 804
120F120 36.31 | 661 | 3.13 | 186.4 | 1271 bh9 | 1766 777 | 46 | 162b 715
12WF106 31.19 | 546 | 3.11 | 1634 | 1123 490 | 1560 681 | BO | 1560 681
121WF99 29.09 | 5.43 | 3.09 | 161.8 | 1047 455 | 1464 632 | b0 | 1454 632
12WF92 27.06 | 540 | 3.08 | 140.2 974 421 | 1363 584 | B0
12/F85 2498 | 5.38 | 3.07 | 1291 899 387 50
12UF79 2322 | 5.34 [ 3.05 | 119.3 836 358 50
12UF58 17.06 | 5.28 | 2.51 86.5 614 260 b0
12WF53 1559 | .23 | 248 78.2 561 235 50
12WF50 1471 | 5.18 | 1.96 72.6 530 218 736 302 | 5O 736 302
12WF45 13.24 | 5.15 | 1.94 64.9 477 195 662 270 | b0 662 270
12UWF40 11.77 | 513 | 1.94 57.6 424 173 50
10WF112 3292 | 467 | 267 | 1475 | 1184 443 | 1646 615 | b0 | 1646 615
10WF100 2043 | 461 | 265 | 130.1 | 1058 390 | 1472 b42 | b0 | 1472 542
10WF89 26.19 | 455 | 263 | 1144 943 343 | 1310 477 | b0 | 1310 477
10UF77 2267 | 449 | 260 97.7 816 293 | 1134 407 | B0 | 1134 407
10UF72 21.18 | 4.46 | 2.59 90.7 762 272 | 1059 378 | b0 [ 1059 378
101F66 19.41 | 4.44 | 2658 82.8 699 248 970 345 | B0 970 345
101WF60 17.66 | 4.41 | 257 75,1 636 225 883 313 | B0 883 313
10UF54 15.88 | 4.39 | 2.66 67.0 572 201 50
10UF45 13.24 | 4.33 | 2.00 55.0 477 165 662 229 | B0 662 229
10MF39 11.48 | 427 | 1.98 47.0 413 141 50
8UFB7 19.70 | 3.71 | 212 0] 709 210 9856 292 | 50 9856 292
8WF58 17.06 | 3.65 | 2.10 59.9 614 180 853 250 | B0 853 250
8UF48 14.11 | 3.61 | 2.08 49.0 508 147 706 204 | B0 706 204
8WF40 11.76 | 3.63 | 2.04 39.9 423 120 b88 166 | b0 b88 166
8WF35 10.30 | 3.60 | 2.03 34.7 371 104 50
8UF28 8.23 | 345 | 1.62 271 296 | 81.3 412 113 | BO 412 113
8UF24 7.06 | 3.42 | 1.61 23.1 254 | 69.3 50
81F20 588 | 3.43 | 1.20 19.1 212 57.3 294 79.6 | b0 294 79.6
8UF17 b00 | 3.36 | 1.16 15.8 180 | 47.4 50
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LATERAL TORSIONAL BUCKLING

W COLUMNS, A36 STEEL
MAJOR AXIS BENDING
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IN-PLANE BENDING
W COLUMNS, A36 STEEL

MAJOR AXIS
.0
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M e
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IN-PLANE BENDING

W COLUMNS, A36 STEEL

MAJOR AXIS
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LATERAL TORSIONAL BUCKLING
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W COLUMNS, A36 STEEL
MAJOR AXIS BENDING
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