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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

brased 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.

unbraced



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-bfoeed 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 Fj, = 36 ksi and Add3=or AB72 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.

an unbraced



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 bhuilding 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.

Often a braced frame will prove to be the most economical
solution to a multistory frame design, and bracing should

be used whenever feasible. The choice of an unbraced frame

is frequently diictated by a desire for large clear spaces

or openings. Some sacrifice in framiﬁg economy must be ex-
pected when an unbraced moment-resisting frame is selected.
Design of tall structures for resistance to earthquake re-
quires ductile moment reéisting frames to be provided. Plastic
design methods should prove to be useful in proportioning such
frames. Research is being conducted to further improve the
knowledge about behavior of frames fnelastically deformed by

earthquake forces.



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. ‘

Further details on the problems and interactions of all members
of the design team along with exhaustive lists of references
are presented in a series of state-of-art reports contained in

Reference



1.6 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. Compaosite 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 2 involves the determina-
tion of the internal shears, momeants and thrusts
caused by working loads using methods of
allowable stress analysis for statically indeter-
minate structures. Because of the high corder 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 paint stress of
the steel by a factor of safety, the members are
proportioned wusing 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 peint 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 vielding 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 underestirates
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 1o 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 factaor, 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=170
Gravity and wind loading F=130

Un'c\ertainty 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. ’

Gravity and earthquake

L— loading F = 1.30

Perhaps the future may see an evolution of the best features

of both allowable stress design and plastic design into a -

structural design satisfying performance requirements.



CHAPTER 2

‘DBimensions 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
properly 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 required 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 buiiding volume is in-
creased.

Regardless of the method of structural design,
the items mentioned above must be considered
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 & 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,

mcludmg ‘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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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
A )
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

may be rigid or simple.

areﬁigid. Y

Susually

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-

Some simple connections
may be used in each floor provided
the remaining rigid connections
have ample strength and stiffness,

. AN
_nections sre-gid.

may be rigid or simple.



2.3 GRAVITY LOADS

Building codes specify the working 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 4 permit a reduc-
tion in the live load for beams or girders
supporting large floor areas and for columns
supporting several tiers of flocrs. Such reduc-
tions recognize the improbability of having the
full live load acting over large areas and on all
floors simultaneously. : ‘ A

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 etfect.



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 tc assume that
the floors, acting as diaphragms, transfer the
wind forces along the building to the pericdi-
cally spaced braced frames. ;

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

methods of design against seismic lcads apply a static lateral force
calculated as a certain percentage of the weight of the building and
then use the procedure established for design against wind. Use of

this procedure will be illustrated in examples.



2.5 INSTABILITY OF BRACED FRAMES

Instability is a phenomenon which may occur either for an }ndividual
member in a frame, for an entire story within a frame, or for a whole
frame. Member instability due to local buckiing prior to the attainment
of the member plastic moment capacity is avoided by selecting only sections
which are specified as compact by the AiISC Specification as explained in
Art. 3.5a. Member instability due to lateral-torsional buckling of beam-
columns is avoided by designing members in accordance with the stability
interaction equation of Section 2 of the AISC Specification, as explained
in Art. 3.5b. Instability of an entire story within a frame may occur under
éifher graVity loads alone or under combined gravity plus lateral loads.

Frame instability under these loadings will be examined here.
2.5a GRAVITY LOAD INSTABILITY

Theoretically a symmetric frame under symmetric gravity loads will not
sway as the loads are increased. The gravity loads will continue to increase
until at some given load value calied the frame buckling load the frame will
pass from a symmetric stable configuration to an unsymmetric unstable
configuration characterized by aAlarge lateral deflection (Fig. 2.2a). This
type of failure is called frame buckling, and is purely theoretical in an

actual frame.

INSERT FIG. 2.2
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In an actual building frame, eccentricities exist which from the start
give a horizontal deflection upon application of any vertical load. Such is
also the case for an unsymmetric frame, or a symmetric frame under unsymmetric
gravity loads. As the loads increase the drift increases, giving rise to
secondary PA overturning moments, which cause the drift to increase even
more rapidly. At a certain value of joad called the stability limit load,
the frame will continue to sway without further increas§ in load (Fig. 2.2b).

This type of failure is called frame instability.

For most frames of usual dimensions, the upper 4 to 6 stories are
controlled by gravity loads alone, whereas the lower and middle stories
aré controlled by combined gravity plus lateral loads. For this reason, -
instability under gravity loads will only be a problem in the upper stories
of a frame, the lower and middie stories all being overdesigned for the

load case of gravity loads alone.

Recent research results (Ref. 1) indicate that for most frames, frame
instability due to gravity loads in the upper stories will very rarely
preclude the attainment of the ultimate factored gravity loads. This is
especially the case for columns which are designed by the provisions of
Chapter 3, in which column axiaiiioads are limited to .75 Py. Gravity
load instability is also prevented in the upper stories by the stiff base
support which these stories receive froﬁ the middle and lower stories \

(Ref. 2). For these reasons, gravity load instability can be neglected

for typical frames.

There are certain special cases in which the gravity load instability

problem may be further investigated according to the procedures given in



Ref. 3. Fig. 2.3 illustrates some of these special cases for which gravity

load instability may in fact govern the design of the frame.

INSERT FIG., 2.3

2.5b COMBINED LOAD INSTABILITY
.As stated in ASCE's Manual No. 41, "Plastic Design in Steel', pps. 240~
241 (Ref. 4):

‘"In the more general case an unbraced frame will resist combined
gravity and lateral loads, but at a lower load factor. For unbraced
frames subjected to combined loads, later deflections will occur
from the first application of load. Initially the loads and resulting
lateral deflections will be nearly proportional. As the applied loads
increase, however, PA effects and yielding will cause the latgral
deflections to increase at a greater rate than the rate of loading
until, at the stability limit load, the frame will continue to sway
without further increase in the load (Fig. 2.4). This type of frame

behavior is also called frame instability."

INSERT FIG. 2.4
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To include the effect of frame instability under combined loads, the
PA overturning moments must be included in the preliminary design. A very
large, conservative value of A is usually estimated for preliminary design
Eurposes. After preliminary member sizes have been selected, several
stories in the frame should be checked by a horizontal load versus drift
analysis (Chapter 7) to determine the working load deflections, and the

maximum strength of the story.



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, F,. The length of

' STRESS, F

Plastic | -
Region| Strain-hardening Region

Elastic
Region

€&  Eu 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, &g, is approximately

STRESS, F
’
F, vl
f r Unlimited Plastic Region
¥ .
€y - STRAIN, €

FIG 3.2 IDEALIZED STRESSSTRAIN DIAGRAM



12 times the strain at the initiation of yielding,
€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 €, 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 €.
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

€y

€y

: ' STRAIN
. : DISTRIBUTION
:/ STRESS
i

DISTRIBUTION
‘ L—-Fb '
Fy Fy

ALLOWABLE STRESS  PLASTIC
DESIGN DESIGN

FIG 3.3 LIMIT OF USEFULNESS, BENDING ONLY

plastic hinge. The plastic hinge is a condition of
limiting moment resistance at that cross-section
of the beam. Increases in load produce greater
strains but the moment remains constant at the
plastic moment, Mp = F,Z. Z is the plastic
section modulus, a geometric property of the
cross-section that may be found in handbooks.?



When the full cross-section of a wide flange or
I-beam becomes plastic, the resisting moment Mp
is about 12% greater than the moment that
causes first yielding, M,,. ‘ )

My, FyZ Z
— = - =—=shape factor= 1.12  (3.1)
My FyS S

For simple span beams this is the only gain in
load carrying capacity arising from the plastifica-
tion of the cross-section and, therefore, provides‘
little incentive to use plastic design procedures.
However, in continuous structures the formation
of a plastic hinge at one location changes the
restraint characteristics of the structure and a
redistribution of internal forces takes place. The
redistribution permits other cross-sections to
operate to their full strength so that the overall
load carrying capacity of the structure is utilized
when the limiting load, Py, is reached.

The limiting load for a beam is the lowest
value of load that will produce enough plastic
hinges for a plastic mechanism to form. A plastic
mechanism is similar to a mechanical linkage
except that the elastic portions of the structure
are connected by plastic hinges rather than
frictionless real hinges. Under this condition
appreciable deflections may occur but continued
deflection is restrained by the advent of strain
hardening. Furthermore, the limiting load is not
the true ultimate load for the structure because
the steel has an ultimate strength greater than
yield strength. However, this reserve is not futly
realized if prior local or general instability
conditions develop. .

There are a number of independent types of
plastic mechanisms but in multistory buildings
the important ones are the beam type occurring
under gravity loads alone, the panel type oc-
curring under wind loading alone, and a combi-
nation of the beam and panel mechanism under
the combined loading. The actual location of the
hinges depends on the loading and the relative
strength of the girders and columns. The mech-
anisms shown in Fig 3.4 assume relative sizes
that cause hinges to form in the girders.



£ Plastic
Hinge

BEAM .. PANEL COMBINED

FIG 3.4 SOME PLASTIC MECHANISMS

In the panel type mechanism and combined mechanism two character-
istics of the beam behavior are of special interest in dealing
with unbraced multistory frames. These are the moment diagram
and the beam stiffness. The manner in which moments and stiff-
ness change during progressive plastification of the beams must
be understood in order to design a frame for strength and resis-
tance to drift.

The simple beam moment diagram of Fig. 3.5a has a shape and mag-
nitude governed by the size and location of loads and by the span.
The same relative size and shape of moment diagram is maintained
even when the beam is built into a structure causing end moments
as shown in Fig. 3.5b. Provided that no plastic hinge has formed
under gravity load alone, the beam will be able to participate

in frame resistance to lateral load. Initially the beam will
exhibit normal elastic stiffness. With a lateral force from the
left on the frame, both ends of the beam will be forced to rotate
clockwise and moment changes resembling Fig. 3.5¢c will occur.
Both end moments will be functions of both end rotations. For
the special case where both rotations 8 are equal, the changes

in moment are

3M = 6 EI 90 (3.2)

—

L

The term 6 El/L is the stiffness of the beam against drift.
Typically, the wind moment superimposed upon the initial moment
at the lee end of the beam will cause a plastic hinge to form.
Then the beam will be unable to accept any increase in moment

at its lee end although the plastic hinge moment M, will be main-
tained. The stiffness at the lee end will reduce to zero but the
windward end will still be able to accept increases in moment
with a stiffness reduced by one half

9M = 3 EI 230 (3.3)

L

This behavior can continue until a second plastic hinge forms
somewhere between the center and the Windward end of the beam
giving a limiting moment diagram such as Fig. 3.5d. From this
stage on the beam has no end stiffness at either end and cannot
participate in resistance to frame drift.

INSERT FIG. 3.5
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The complete limiting moment diagram of Fig. 3.5d can be deter-
mined by equilibrium for a given span, M_ and loading. The
solution can be presented in equation form or chart form for use
in preliminary design or in analysis by the moment balancing

method. The limiting moments along with the stiffness character-
istics may be used in the sway subassemblage method to analyze
for drift. From such studies it is found that the greater the

excess of beam capacity over that needed for gravity load alone,
the greater its ability to assist the frame in resisting lateral
force, frame instability and drift.

For a plastic mechanism to develop, the first
hinge to form must be able to rotate at a nearly
constant moment, Mp, until the last hinge
develops. In other words, first formed hinges
must possess rotation capacity. A way of show-
ing the ability of a beam to carry moment
during rotation is by a moment-curvature graph

(Fig. %), | T 3.6
MéMENT, M
Mp1
My @
ML M
~-ax
®y CURVATURE. D

FIG %5 MOMENT-CURVATURE GRAPH

3.6

3.3 MODIFYING FACTORS FOR BEAMS

Anything that interferes with the rotation of
the hinge or reduces the moment capacity of the
hinge causes a deviation of the actual behavior
of the beam from that predicted by simplified
plastic design theory.

Factors which may cause deviations from
idealized plastic hinge behavior are:

1. local buckling

2. lateral-torsional buckling
3. shearing force

4. axial force



3.3a LOCAL BUCKLING IN BEAMS

" The development of the plastic moment and
of adequate rotation may be prevented by
localized buckling of the compression flanges.
To ensure adequate hinge rotation the width, b,
and thickness, t, of the beam flange must be
“such that the flange can compress plastically to

strain hardening, €g;, without buckling. The web .

of a beam, which is partially stressed in com-
pression due to flexure, is also prone to local
buckling if the ratio of web depth, d, to
thickness, w, is' too large. Limiting d/w to a
specified value will prevent local web buckling
of a beam subjected to bending only. However,
if axial force is combined with plastic bending
moment a reduction in the permissible d/w ratio
‘must be made. See Article 3.4b.

The limiting ratios of flange and web dimen-
sions to inhibit local buckling of beams are
tabulated in Table 3.1.

TABLE 3.1

Specified Minimum Flange Web
Yield Point, £, bly 1 dlw
~36ksi - 17.4 70

50 ksi 148 60

3.3b 'v LATERAL-TORSIONAL BUCKLING IN
BEAMS

" Another type of buckling must also be pre-
vented in order to ensure satisfactory perfor-
mance of a plastically designed beam.

When an I-shaped beam bends about its strong
axis it may buckle out of the plane of bending.
The deflection consists of a lateral movement of
the compression flange and a lesser movement of
the tension flange so that twisting of the section

occurs (Fig. 38). This lateral-torsional buckling, .

~3.7



=52 Before Bending
]
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A
FIG 36 LATERAL TORSIONAL BUCKLING
: OF A COMPACT BEAM

is more general in nature than local buckling,
affecting larger regions of the beam. It is
.important that members be adequately braced
because failure to provide adequate bracing,
particularly at plastic hinge locations, may pre-
clude full hinge rotation and the development of
a plastic mechanism. The same tendency toward
lateral buckling occurs in members designed by
allowable stress methods, but the problem is less
critical for it is not required to guarantee the
development and rotation of a plastic hinge.
Lateral-torsional  buckling develops more
readily in segments of the beam where the
bending moment is almost constant than in
segments having a steep moment gradient. Thus,

) APPROX. )

- MOMENT GRADIENT UNIFORM MOMENT
BEAM BENT IN BEAM BENT IN .
DOUBLE CURVATURE SINGLE CURVATURE

Limitsl - \_.‘_;:: 1.0 M,
07”,{),__.———"" // ==z 0.7 ﬂ[p
oo ) 4 My M .

MOMENT
- DIAGRAM
l/ //
. -M ~
7 . |spaciNnG
// ) FOR
_10A LATERAL
‘-OMPI"“_ (ler) > (ler)y (ler BRACING

FIG‘E'.;? BRACING LOCATIONS FOR BEAMS

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. 597).

3.7
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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 1, with the common

condition of elastically stressed adjacent seg-

ments.

Specified (1er), {(1cr)
Minimum Uniform Moment | Moment Gradient
Yield 0.5>2 M > -1.011.0>M > -0.5

Point, 'Fy Mp Mp

6 Ksi 8 r r
3 s 3 y £3 y
50 Ksi 28 r T
: y 53 Fy

If a braced segment, 1, of a beam is bent about
its strong axis by equal end moments causing
uniform moment the end moments will reach
' My, provided I <I.,. However, if I> 1, lateral-
torsional buckling will occur at My <Mp as

31.3 1 |36.9
1.0 Fy = 35
F)’ =50 \ _.84

[ l 3 l

0 60 1 120

—_ L7
Ty

A
FIG 3:8- LATERAL TORSIONAL BUCKLING
UNDER UNIFORM MOMENT -,

shown by Fig 88 This value of M, 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

AN .

V < ¥V, = 0.55F,wd - (82)

whmeF}ish\kﬁ. _ ,

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

3.4 AXIALLY LOADED COLUMNS

S Ta——

3.4

Columns in multistory building frames will usually be subjected
to axial force and bending moments. The column will be loaded
by axial force alone only if the shears and end moments from the

girders are symmetrical about
lar floor level.

the column centerline at a particu-

The maximum strength of an axially loaded compression member may

conservatively be estimated as

P = 1.7 A Fa (3.5)

cr

where A is the gross area of the member, and F; is the allowable
stress given by Formula (1.5-1) of the AISC specification.

a 2
ZCC Fy
(3.6)
F.S
2
for K?icc, where CC =—3/%9-9-

Building columns usually have slenderness ratios less than C_ and
failure will occur by inelastic buckling.



However, for design purposes in unbraced frames, the maximum
load should be limited to

max — Yy

P < 0.75 A F (3.7)

The factor of safety, F. S., is a variable quantity ranging from
1.67 to 1.92. The limitation of .75AF, is to safeguard against
the loss of stiffness due to residual Stress, and to prevent
extensive yielding of the column ends at the factored load.

For columns in plastically designed unbraced frames an effective
length factor of K = 1 can be used provided the secondary PA
moments are included in the design (Art. 4.1). The slenderness
ratio then becomes h/r, and the appropriate ratio to use is given
by Table 3.3

TABLE 3.3 - SLENDERNESS RATIOS

Bending About Strong Axis Bending About
Braced Columns Unbraced Columns Weak Axis

£ 2 2

Per o T T
X Y Y
L £

Pe o T T
X X y

£
M Mo Eq.3. 14,7 Moy

A column is considered to be fully braced if the slenderness
ratio K/ry is less than Zcr’ where ﬂc is given by the equations

r
L
] M
:r = i75 + 25 when +1.0 > | > -0.5 (3.8)
Y Y p X
£
cr _ 1375 when =0.5 > % > -1.0 (3.8a)
ry Fy .— pX
where M is the lesser of the end moments, and M/M is positive

. . X
for reverse curvature, negative for single curvatlte.



3.5 BEAMS - COLUMNS

A column in a multistory building frame will have to resist both
an axial load and end moments if the shears and end moments from
the girders are not symmetrical about the column centerline at a
particular floor level. Such a member is termed a beam-column.

In most unbraced frames, the vertical members are beam-columns.
The design of beam columns for strength and stability will be ccn-
sidered separately here.

3.5a STRENGTH OF BEAM COLUMNS

The ultimate strength of a beam-column -
depends on: ’

A . . ' 1. e me . -
9 —» ¥ the material properties, expressed ) the member cross

by Fy : sectional properties
3 -2 the slenderness ratio, h/r .
b= 3. the axial load ratio, P/Py
5 - 4. the magnitude of upper and lower
end moments, My and My, respec-
tively e
6 =>-5. the direction of the end moments
: expressed by g, the ratio of the
numérically smaller to the numeri-
cally larger end moment

For very short beam-columns failure in a buckling mode is pre-
cluded, and the plastic hinge develops at a reduced plastic moment
value designated as M c+ For a given value of axial load, Mpc
depends only on the c?oss-sectional properties of the member, and
the yield stress of the steel. The influence of the axial force
in reducing the value of M is seen in Fig.3.10 for both strong
and weak axis bending of W-shapes.

Strong Axis Bending:

Moc = Mox ' 0-< P < 0.15 Py (3.9)

M =1.18 (1 - &—) M 15P < P < P (3.9a)

pc Py pXx : y — -y .
Weak Axis Bending:

M =

pc = Moy 0 <P <o0.h Py (3.10)

p 2
Moo =119 | '(F;,‘ Moy 0.4 Py <P <P (3.10a)



INSERT FIG. 3.10

It is emphasized that M is a basic characteristic of a short
compression member and s not indicative of the carrying capa-
city of longer beam-columns where the slenderness ratio h/r

will have an appreciable influence on the behavior of the mem-
ber, as demonstrated below.

The ultimate strength of beam-columns, including the effect of
slenderness ratio, 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 o resist moment has
been illustrated in Fig 3. Another way of o 3.10
showing this is by M-P-® diagrams as plotted in
Fig -C’f.-%-for a particular size column. This plot > 3.11
shows the influence of the axial load in reducing
the moment ‘ca'rrymg capacnty Qf ePr BHF3
column, but it is reasonably indicative of the W8x31
behavior of ali other size columns.

K_”/’—:’F‘— WBx3l
FIG. 346 M-P-d DIAGRAM FOR 8 (STRONG AXIS BENDING)

WITH RESIDUAL STRESS

R
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Using the M-P-d curves it is pbssible, by
numerical integration, to represent the ultimate
strength of beam-columns by a series of “end
moment—end rotation”, M-9 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 33}t for beam-columns with A/r = 30 and

P[P, = 0.6. The charts of Design Aid |l show
M-@ curves for two end moment conditions and
values of P/P), from 0.3 to 0.9 for beam-columns
bent about the strong axis.

P P
!
-._/;\M/U .-—/J\A!I'U
) 0 ‘
[q = #1 0‘
M=y t
P ) 4
{a) o)
1.0
Mju
Mpc

) /N
FIG 8t MOMENT-ROTATION CURVES
(STRONG AXIS BENDING)



A .
In Fig 3-3%e a beam-column is bent in double

curvature by end moments of equal magnitude
acting in the same direction, ¢ =+1.0. This is a
favorable configuration in which the plastic
hinges form at the ends at a value of Mp¢, and
.are maintained through a considerable rotation.

In the beam-column of Fig 3-t3b 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 Mpe.
However, study of Design Aid I will show that
for greater slenderness ratios and higher ratios of
P[Py, there may be a reduction below Mpe.

The Design Aid charts for g = 0 may be used
for the case of ¢ =+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/Py > 0.9 and h/r > 40 that there

isan apprecj‘able reduction below Mpe

" In Fig 3-3e 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 g, and reading the maximum value of
M[Mpc. 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. ' o~

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

Ix Jequiv. ry Jactual 56 .

and modifying the rotation obtained by

Fy

© = Ochart (37

.12a

.12b

.12¢

1

36 N 3.12



Curves for other values of ¢ are available ! but
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 Il for
various values of P/Py and h/r. The right hand
charts of Design Aid !l were obtained in this —
way. Since the in-plane bending strength of W
sections is insensitive to the actual cross-section

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

~

An additional requirement for beam-columns is

P < .75 A F
Y

for the same reasons as given in Art. 3.4 for axially loaded
columns.

3.5b STABILITY OF BEAM COLUMNS

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. '

c
P + m M
P "“‘F—‘““ < 1.0 (3.13)
cr L
(-2 1y
e
where:
P = applied factored axial load
P = maximum strength'oflan axially loaded compression
cr
member, Eq. 3.5
M = numerically larger end moment
o . . _ 23 .
Pe = elastic buckling load = 7 A Fe



L2
12m E
where F' =

2
e 23 (K &)
r
Cm = 0.6 - 0.4 q, but Cm > 0.4
Mm = maximum column moment without axial lovad

For columns braced in the weak direction (Art. 3.4), M_ is
given below as m

ey = M | (3.15)

For columns unbraced in thesweak direction, Mm is given below

as
L/r /F
M = |1.07 < Y Y M_o< M (3.16)
3160 pP— P

In Eq. 3.10 for F', K = 1 can be used provided the secondary PA
moments are included (Art. 3.6). The appropriate £/r slenderness
ratios to be-used are given in Table 3.3, depending on whether
the column is braced or unbraced, and if bending is about the
weak or strong axis.

Design Aid 111 includes three pairs of charts
that give the moment capacity of A36 steel #—\WI de-flange
beam-columns bent about the major axis with a
constant end moment ratio q. Charts are pro-
vided for double curvature bending {q =+1.0),
one end pinned (g =0), and single curvature
bending (g = —1.0).
The first chart of each pair is based on the
lateral-torsional buckling (LTB for brevity)
moment capacity derived from Eq. 38 for 3.13
specified values of h/ry
TheLTBcmamsa$umethmthebemncmumn
IS braced about both axes only a_tﬁiends and
ﬂmtr‘h' =17, 7, which is a common ratio for W
“columns of width equal to depth; other light 3.13
sections have higher values of rx/ry These charts _—" "
give slightly conservative values of Eq. 38 for{rf_/w ide-flange
columns with rx/ry, > 1.7. The intercepts of the
h/ry curves on the load (P/Py) axis are the ratios
Poy/Py where Poy is the minor axis buckling
load from Eq. 3# Hence, the LTB charts _ 3.5
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/Mp.. The
reduced plastic moment Mp. from Eg-33-tsan
“upper bound on the moment capacitly of @:
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. _

Design Aids Hl and 111 may be used for steels
with other values of F, by entering the curves
with an equivalent slenderness ratio from Eq 36

and by modifying the end rotation @ usina Eq

The M-6 curves in Design Aid 1l are based on
in-plane. behavior only. If the beam-column
‘moment exceeds the lateral-torsional buckling
moment capacity from Design Aid 1, lateral
bracing must be provided to ensure in-plane
behavior. |f the beam-column is unbraced be-
tween its ends, the M- 8 curve is valid only for
moments less than the lateral-torsional buckling
moment. For an unbraced beam-column in
single curvature bending (g =—1.0), lateral-
torsional buckling always limits the maximum
moment capacity to a value below the peak of
the M- @ 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 withcut
lateral-torsional buckling, depending on the
minor axis slenderness h/ry and the axial load
ratio P/Py. . '

Egs.

3.
.12

11

3.9 and 3.10

~—— Wide-flange

is an



Momen'}'s a_vw\
ro'/&‘ﬁws s lf)own
are pos [ Tive .




" The behavior of beam-columns illustrated by
the M- 0 curves of Design Aid !l 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 d/’w
.Point, Fy ’ .
' -70—-100 P/Py
36 ksi’ 17.4 - but need not be
less than 43
: 60—85H P/'Py
-~ B0 ksi 14.8 but need not be
' less than 36

3

b



3.6 BEAM-COLUMNS WITH SWAY

In the clear length between joints, the moment-rotation behavior
of a column in an unbraced frame is indentical to that in a

braced frame. However, in the unbraced frame, some c¢f the column's

moment resisting capacity is used up in resisting the additional
end moments caused by the PA effect ('"P-delta' effect) described
in Art. 2.2. The statics of such a column may be developed using
the free body diagram in Fig. 3.13. The column of height h has
its top displaced laterally an amount A, giving a chord rotation
A/h. The rotation of the joint & is the same as the end rotation
of the beams at the joint. The end moments M on the column cause
end rotations y with respect to the column chord. The rotations
Y are identical to the rotations 6 of the column in Fig. 3.13a,
but a different symbol is introduced to differentiate from the
beam end rotations.

" "INSERT FIG. 3.13

;4

By taking moments about one end of the column and solving for Q,

=
-

¢= -2y -2 (3.17)

Examination of the rotation angles gives

A .
}{"9 Y (3.18)

It should be noted that the typical end moments for sway to the
right under the loads P and Q shown would be counterclockwise,
opposite from the direction shown in Fig. 3.13. Solving Eq. 3.17
for M gives a negative value agreeing with this intuitive result.

M= - Qh - PA (3.19)

N |—

1
2

In turn the column end rotation y will receive a negative sign
in Eg. 3.18 resulting in a numerical value of A/h greater than 8.

Equations 3.17, 3.18, and 3.19 will be used in Chapter 4.



CHAPTER 4
ADDITICNAL PLASTIC DESIGN TECHNIQUES FOR UNBRACED FRAMES

4.1 EQUILIBRIUM OF FRAME IN ITS DISPLACED POSITION

Certain equilibrium relationships are satisfied by any unbraced frame in
its displaced position. Equations expressing this equilibrium are useful in
both the preliminary design and the final analysis of thg frame.

Cne such equilibrium equation is based on the free body diagram of Fig. 4.1
showing the several columns in a story which is subjected to a horizontal shear
ZH and gravity load ¥P. The values of IH and IP are computed from the loads act-
ing on all the stories above the one shown in Fig. 4.1, a story which has a sway
A and a height h. The resultant horizontal shear and total gravity load acting
together in the deflected position cause an overturning moment which must be re-
sisted by the sum of the column end moments, ZMC. Without knowing the individual
end moments, their total sum -can be determined from

ZMC = ~[(ZH)h + (ZP) Al (4.1)

In any floor level the beams can receive column moments from the columns
above and below. The total of the column moments in the stories above and below
the floor level may be determined from two calculations of Eq. 4.1. To deter-
mine that portion of the column moments which act at the top and bottom of each
story requires either>an elastic analysis or an accurate estimate. For design
estimates it is suitable for most stories to assume that half the total moments
are at the top and bottom of each set of columns. This estimate is equivalent to
assuming an inflection point at midheight. Then the sum ZMg of the end moments
on all beams in a level is

D= L) (M) 4.2)
in which n-1 refers to column moments in the story above and n to those in the
story below the beams at floor level n, as shown in Fig. 4.2

The drift A which affects ZMC in both Eq. 4.1 and Eq. 4.2 is uunknown at the

time of preliminary analysis. It can be estimated so that trial member sizes can

be selected and then revised if later deflection checks show this to be necessary.
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Calculation of Eq. 4.1 once for each story and Eq. 4.2 once for each
floor level will give moments useful in the preliminary design of beams and

in the moment balancing procedure leading to column design moments.

4,2 MOMENTS IN BEAMS

Moments in beams are key quantities in two situations connected with
design of multistory frames: (1) design, and (2) review after design. 1In
either of these two situations, three cases must be treated. Beams must be
adequate either for gravity load alone or to resist gravity load in combination
with lateral load from either direction in the plane of the frame.

Structural design is bgsed upon the maximum moment caused by the loading
which occurs at any point within the clear span of the.beam. This moment
canﬁot (except with strain-hardening) exceed the plastic hinge moment Mp.

For review of éhe structure after either a trial design or a final design, the
values of beam end moments calculated at the theoretical intersection points
of beams and columns are needed.

For both these situations, formulas can be generated from the statics
of a beam transversely loaded with uniform load and subjected to end moments.
For any'beam, the complete moment diagram will be known if the transverse load
is known plus the moments at any two discrete points. Boundary conditions
help to define some of these moments. This treatment will cover the cases of
boundary conditions most occurring in multistory frames: beams rigidly con-
nected at both ends, and beams rigidly connected at one end and having a simple
connection at the other end.

Design Formulas

Formulas for design moments in beams may be presented and used in either
equation form or in the form of graphs. One form of such graph is given in

Fig. 4.3, The equations of the curves presented are given in Table 4.1.
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Design must begin with a calculation of the gravity capacity required and
the wind (or other lateral load) capacity required. Gravity capacity is re-

flected in a parameter Mpm which is used to non-dimensionalize many of the

moments.
Mo ZF, - d)? ' (4.3)
where F2 = load factor for combined loading (1.30)
w = uniform load
L = center-to-center beam span
dc = average column depth at ends of span

Wind capacity required is reflected in a parameter G which relates the wind

moments required to the gravity parameter Mpm'

M 1. - 4d M, + M 1. -d
G=M . L = " M-- - L )
. pm pm
where Mg = sum of wind moments beam must resist
Ml = lee end moment (formulated at center of joint)
M2 = windward end moment (formulated at center of joint)

A further optional parameter called a positive moment factor C may be
used to provide maximum sagging moments less than Mp in order to control de-
flections artificially. By using a C value less than one, the maximum posi-
tive (sagging) moments will be limited to CMP when the structure is in equili-
brium with the design load.

The final result of a design calculation is the determination of the re-
quired plastic moment value for the beam. This is contained in the non-
dimensional parameter R which is the ratio of Mp/Mpm.

Failure modes controlling design are found to fall in three domains based
on the relationship of wind moments to gravity moments as measured by the para-

meter G.



(1) Small wind moments -- grévity load controls design.

(2) Moderate wind moments -- combined failure. Beams must be increased
in size above those required to carry gravity load alone.

(3) Large wind moments —- a panel mechanism forms with plastic hinges
at the ends of beams. Plastic momenfs are dominated by wind moments
even though gravity moments are still present.

For a beam with two moment connections the equations for the three domains

are:
F
- 2 1
1 R = 350 F, 0 <G<1.15
(2 R = ~—2_ 1. 462
1. +¢) Ep 1.15 <6 < 8
_ ,2,(\5.
® R = G370 8¢
whefe Fl = Jload factor for gravity loading (1.70)

When these equations are evaluated for C = 1, the following observations
can be made. If the wind moments required (as indicated by the G factor) are
less than about 1.15 Mpm the plastic moment capacity required is limited to a
minimum of Fl/F2 or about 1.31 Mpm' If the wind moments are greater so that a
combined mechanism forms, the required Mp turns out to be something greater
than hélf the wind moment. If wind moments become larger than 8 Mpm, the plas-
tic hinge moment required becomes exactly half the wind moment carried by the
beam. |

For a beam with a simple connection at the lee end there are equations for

only two of the domains. These are:
@ ® = 2a.+D° 0<G<8

(3) R =

aOla olm



These equations are evalﬂated for C = 1. The required Mp is greater than
the wind moment when the wind moments are less than 8 Mpm. . If wind moments
are larger than 8 Mpm the plastic hinge moment required equals the wind moment
carried by the beam.

For a beam with a simple connection at the windward end there is no
combined mechanism and either gravity alone controls or wind controls. The

equations are:

F

_ 16 "1 1.80
W R =& F, * 0 <G <1.80
@ r = 2 1.80 < G

These equations imply Ehat there ic a minimum required plastic hinge mo-
ment controlled by gravity when wind moments are small and thereafter the plas-
tic hinge moment required is exactly equal to the wind moment carried by the
beam.

The following example will illustrate the use of the design formulas.
Example 4.1

Determine the required plastic moment of beams needed for a story of a
frame having the following conditions. The story heights are 10 feet. There
are two beam spans, L of 15 feet. The uniform locad w is 0.6. Column depths
are assumed to be % ft. and thé positive moment factor C is assumed to be 1.0.
Assume that the calculations using equation 4.1 have determined sums of column

moments as follows:

M
c

-60 k-ft, above level

™M

c ~72 k-ft, below level

Inserting these values into equation 4.2 gives the sum of the end moments

on the beams as follows:

M, = k(=60 - 72) = gekft



Since both beams are the same span assume 33 k-ft on each beam. Using equation

4.3

I _ 2_1___ 2
Mpm = 1§ F, w-de)” = 3 (1.3) (0.6) (14.5)" = 10.25 k-ft

The wind capacity parameter G is determined from equation 4.2.2.

_ M de, _ 33 _ 0.5
G = g (1.0 I )y = —Iajig-(l.o Ig—) 3.11.
pm
Since 1.15 < G 5_8 use
_ 2 G2 _ 2 3.11.2
R = 1 +¢C (1. f 8) = 3 (a. + ——g—) = 1.93

Therefore the Mp required is:
M = 1.93M = 1.93 (10.25) = 19.76 k-ft
P pm

A suitable member would be selected with an Mp value greater than 19.76. As-

sume that Mp = 20 would be tried.

Review Formulas

For review of a design the object is to determine the resisting moment
capacity measured by parameter G for a given plastic moment capacity measured
by R. These parameters have the same definition as previously and there is

one additional parameter used, a clear span parameter D.

d d

c c '
D = / (1. - iro 4.5)

Limiting moment cases in analysis fall in two domains based on the dimen-
sionless plastic moment parameter R. (1) Small plastic moment -- a plastic
hinge forms within the clear span. (2) Large plastic moment capacity —-

plastic hinges form only at ends of members.



Beam with Two Moment Connections

For a beam with two moment connections the equations for the two do-

mains are:

8V R - 1.0] 1.3l < R< 4

@D) G

(2) G = 2R 4 <R
Once the parameter G is known the limiting end moments can be formu-
lated at the column center lines.

Beam Moments Formulated at Column Centerlines

Leeward End

My
§ =R+ (4+%06)D

pm

Windward End -

My

M_
pm

=G-R-(4-%G)D

The sum of the end moments is given by:

LM

M
pm

=G+ GD

Beam with Simple Connection at the Lee End

For a beam with a simple connection at the lee end, the equations for

the wind moment capacity are as follows:

(1 ¢ 8['%—1.0] 2 <R<8

(2) G =R 8 <R



Beam Moments Formulated at Column Centerlines

Leeward End

Windward End

)

M_
pm

=G - (4 -%G)D

When values for G and D are substituted into these expressions Ml will
be found to be a very small quantity. It is the small moment caused by the

beam end shear at the simple connection being applied eccentrically to the

column center line.

Beam With Simple Connection at the Windward End

For a beam with a simple connection at the windward end, the expressions
for wind moment connections are as follows:

(1) 0 <G < 1.80 R, =1.80
- - min

(2) G =R 1.80 < R

Beam Moment Formulated at Column Centerlines

Leeward End

!

.M_..
pm

=R+ (4+%G)D

Windward End

2
— = - Z‘ -1 (; D
M ( o] )

pm

As in the previous case the moment M2 is only the small moment
caused by the eccentricity of the beam end shear applied at the column face.
The review equations for beam end moments are useful in making analysis

of a frame by the moment balancing procedure or analyzing the strength and



deflection of sub—assemblaées by the sway sub-assemblage method.

The use of the review equations for beam end moments will be illustrated
by the following example which prepares data for the moment balancing process.
Example 4.2

Find the end moments on the beams selected in example 4.1 when sub-
jected to the loads of example 4.1.

First determine the plastic moment ratio R, and the clear span parameter

D from the given quantities.

M

P . 20 _
R M 10.25 1.951
pm
0.5 _ 0.5, _ 1
D= 73 /. 15 7 7 29

Since 1.31 <R 5_4. use

G = 8(/R-1.0) = 8(/1.95L - 1.0) = 3.176
Once the parametér G is known the end moments Ml and M2 can be calculated,
M 'l.\‘\‘Av
ﬁi = R+ (4+%) D=1.951+ (4 + 1.588) % = 1447
pm
" 1
vl G-R- (46-%) D= 3,176 - 1.951 - (4 - 1.588) 29 1.142
pm

These dimensionless values of Ml and M2, may now be converted into their

values in k~ft by multiplying by the non-dimensional parameter Mpm

M1 = 10.25 (2.144) = 21.976
M2 = 10.25 (1.142) = 11.70
IM = 21.98 + 11.70 = 33.68

g

Note that this value is slightly larger than the 33 k-ft which was needed.
This is a result of selecting a member larger than the minimum size needed,
a typical situation. In the fully loaded structure the member would

continue to have plastic hinges at the lee end but the moment would be less



at the windward end. Assume rounded figures of 22 and 11 k-ft. These
values will be used for girder moments in an illustration of the moment

balancing process.

4.3 MOMENT BALANCING

For any design of highly indeterminate framed structures it is de-
sirable to have a preliminary analysis method for determining bending mo-
ments before any member sizes are selected. In allowable stress design,
engineers have used methods such as the portal and cantilever methods
for many years. For plastic design, a method similar to the portal
method and called "moment balancing' has been developed. It will be dis-

cussed here.

- Concepts of Moment Balancing
ﬁoth moment balancing and the portal method provide a set of moments
which is in equiiibrium with the horizontal loads but which ignores the com-
patibility of deflections. Both methods achieve an equilibrium solution by
making assumptions of bending moment and shear at sufficient points to reduce
the structure to determinacy. The remaining forces in the structure are
determined by statics considering equilibrium at the joints and within each
story.
Figure 4.4 gives a schematic comparison between the assumptions of
the portal ﬁethod and the moment balancing method.
(1) Both methods initially assume inflection points (that is: M = 0)
at midheight of the columnms.
(2) In the portal method, the analysis of the columns is com-
pleted by applying to each of the columns in a story an
empirical percentage of the total horizontal shear applied
to.the story. From the shears the end moments are cal-

culated.



In the moment balancing method, the sum of all column end
moments in a story 1s determined from the story shears
and then an empirical percentage of the sum is applied

to each end of each column.

The two concepts of handiing column equilibrium may actually be
considered to be identical--only the handling of the arithmetic differs.
-In some applications of the pcrtal method, the shear resisted by each
column is assumed to be proportional to the aisle width supported by
the column. In other applications of the portal method each exterior
column is assumed to carry one-half the shear carried by each interior
column. Undoubtedly both distributions are averages based on experience
Qith exact analyses of some frames.

Because of the adjustments later needed to satisfy equilibrium at the
joints, it is more cqnvenient to work with column end moments in the moment
balancing method. The typical procedure in examples presented in available
literature is to assign equal end moments to each end of each column in a
story initially. The distribution between columns is later adjusted to suit
the end moments on beams. Undoubtedly it would be equally appropriate to
assign initial column end moments in the same proportions as the shears
assumed by the portal method.

The third basis for compafison of the two methods is the treatment of
moments in the beams.

(3) In the portal method, inflection points are assumed at the

mid point of each beam.
In moment balancing, limiting moments depending on the form-
ation of plastic hinges in the beams are determined.

Since inflection points are assumed at the middle of each beam in the

portal method, this immediately assigns two equal end moments for each beam.
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The magnitude of the beam moments is determined by equilibrium calculations
at the joints where column end moments have previously been determined.
It should be noted that the structure is analyzed for the lateral loads
alone in the portal method {(Fig. 4.4a). This is feasible because the
structure is assumed to remain elastic for all loadings in allowable
stress design and the moments from wind loads may be superimposed upon
-those from floor loads.

In contrast, the plastic design of unbraced frames has two sources
of non-linearity which require that the combined moments be considered.
Both the P-delta effect and the irregular formation of plastic hinges
accompanying the redistribution of moment preclude the use of superposi-
tion methods. Instead, beams are selected so that the combined limiting
moment diagram (Fig. 3.5d) indicates adequate capacity to resist both |
the wind and vertical load moments. Then the column moments are brought

into balance with the beam moments to satisfy equilibrium at each joint.

Execution of the Moment Balancing Method

;t is actually easier to perform a moment balance than it is to describe
~it. Prior to the moment balance, preliminary design data are obtained by
tabulatiﬁg column loads at each floor due to gravity load. These loads are
assumed to be consistent with the tributary floor areas. Horizontal shears
for each story are similarly tabulated according to tributary areas acted
upon by wind.
The actual moment balance 1s performed in the following steps:
(1) Determine the sum of the required column end moments in a story.
(Art. 4.1)
(2) Determine the sum of the required beam end moments in a story.
(Art. 4.1)

(3) Select trial beam size and moment diagram. (Art. 4.2)



(4) Adjust column end moments to be in equilibrium with beam end

moments at each joint.

(5) Select column sections. (Art. 4.4)

The first three steps as described in Articles 4.1 and 4.2 would pro-
vide independent sets of beam moments and column end moments which would be
adequate to resist the applied loads on the structure. However, these
moments would be inconsistent with each other at the joints. Adjustments
must be made which produce equilibrium moments about each joint without
disturbing the equilibrium horizontal loads on the columns and vertical
loads on the beams. These adjustments may be made‘by changing only the
column end moments.

Fig. 4.5 shows a sample-of the preliminary moment diagrams in some
columns and beams of the structure examined in examples 4.1 and 4.2, prior
to moment balance. On joint A the column moments sum 22 in a clockwise
direction and the beam moment is 11 in a counter clockwise direction, an
unbalance of 1l. By subtracting about half of this unbalance from the
moment in the column above and below the joint, the joint could be brought
into balance. Using round figures this could be accomplished by reducing
" the column moment above the joint by 5 and the column moment below the joint
by 6. This would balance joint A, but would leave the total sum of column
moments in the story less than ﬁeeded to resist the horizontal loads. How=
ever in any story if one joint is out of balance from the preliminary calcu-
lations other joints must also be out of balance. For each reduction in
moments of columns necessary at one joint there will be corresponding in-
creases of moments necessary to create balance at other joints.

Examining joint B it will be seen that the girder moments sum to
.33 k—-ft counter clockwise, and the column end.moments sum to 22 k-ft clock-
wise, an unbalance of 11. If the moment in the column above joint B is in-

creased by 5 and the moment in the column below the joint B is increased



>




by 6 joint B will be in balance. Thé sum of changes made will also have
resulted in a net zero within each story.

The unbalance at joint C must next be examined. In this case Joint
C is seen to be in balance from the original preliminary assignment of
moments. This is not the typical case. Usually joint C would usually
have been out of balance and a change in column end moments would need to
be made. However if the initial column end moments and the initial beam
end moments were both calculated properly, the total sum of moments in beams
and columns should be exactly correct. Therefore the sum of any corrections
made within a story should total out to zero assuring that the equilibrium
of horizontal shears was not disturbed. Fig. 4.6 shows the preliminary

moment diagrams of the story after moment balancing.

4.4 ANALYSIS FOR DRIFT

One important consideration in the design of unbraced frames is the
control of drift. 1In the preliminary design qﬁ the members, it is neces-
sary to estimate the ultimate load drift index, (A/h)ult (see Art. 6.3).
This is needed to formulate equilibrium of the frame in its displaced posi-
tion. After preliminary member sizes have been selected, it is necessary
to analyze the frame for drift to check the following:

@b That sway at working léad.will cause no damage to non-structural
components such as windows, walls, or the exterior facade.

(2) That sway at working load will cause no occupant discomfort.

(3) That at factored load the assumed sway index is iess than the
actual sway index.

If either of the above three requirements is not met, the stiffness
of the frame must be increased. In an unbraced frame this is most effectively

accomplished by increasing the girder sizes.
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There are many methods available for calculating sway. A detailed
discussion of these methods will not be given here., However, to illustrate
some of thé basic principles involved when calculating sway, the sway sub-
assemblage method will be briefly discussed. A detailed.discussion of this
method can be found in Refs. 5 to 11.

The sway subassemblage method uses a model called an assemblage to
represent a story in a buildirg freme, . Fig., 4.7 illustrates a typical story
in a frame as represented by an assemblage. The assemblage will consist of
the girders and a portion of the columns below the floor level extending
down to a row of assumed inflection points. Furthermore, the assemblage
is separated into subassemblages, each subassemblage consisting of one of
the cqlumns plus the girders framing into the column top. Typical exterior
and interior subassemblages are illustrated in Fig. 4.8.

The shear versus drift relationship for the assemblage is determined
by a displacement method during an assumed set of joint rotaticns ©O.

Changeé in the girder end moments during the rotations @.can be used to
determine other functions such as the column end moments and the drift A,
'The relationship between these functions is calculated as girder moments
change ffom a state of at-rest equilibrium under factored gravity loads

(F = 1.3) to a final state of combined gravity and lateral load equilibrium.
Gravity loads remain at a constant factored level of F = 1.3 as the wind
loads are increased. The resulting drift A versus horizontal shear IH re-
lationship for the story can then be plotted, as shown in Fig. 4.9.

It is not necessary to analyze all the stories in a building for drift.
For medium sized frames (about 20 stories), it is usually sufficient to
analyze a story near the top, middle, and bottom. If each of these stories
sways within acceptable limits, it can be assumed that all the stories have

an acceptable sway.
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CHAPTER 5.

Design of Supported Bents for Gravity Loads

1

41 INTRODUCTION \5

~ This is the first of severed chapters which  “fiye
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 foreasy : 9
reference. : '

3
1
i

U |

5.2 DESCRIPTION 6F BUILDING
The plastic Qesign example concerns a 24-~story apartment building.
Preliminary structural plans are summarized in Fig. 9.1, The reader is
referred to the 1968 AISI Manual entitled "Plastic Design of Braced Multi-
story.Steel Frames" (Ref. ;;l) in which an identical 24-story apartment
building has been designed as a braced frame. The main structural elements
~ are 3-bay bents spaced 24 ft. apart. Tie beams are spandrels between the

bents are framed to the columns using simple connections. This structural

system is assumed to cause column moments from gravity loads to occur

only in the plane of the bents.

Section A-A in Fig. 9.1 indicates the floor framing plan in the
supported bents, which includes a 2% in. lightweight concrete slab on
a corrugated steel form supported by open web steel joists. A construction
height of 1 ft. - 8 in., with a depth limitation of 14 in. for the girders

in the supported bents, combined with an 8 ft. clear ceiling height gives



a story height of 9 ft, - 8 in. In the bottom two stories the height is
increased to 12 ft. The floor framing plan for the lateral force re-
sistant bents is the same, éxcept that the depth limitation for the girders
is 38 in. in the 9 ft., -~ & in. stories. This large depth limitation is
_ﬁecessary in the lateral force resistant bents, especially in the lower
stories, because of the large girder momenis caused by the wind forces.

In most stories these large girders can be concealed as dropped-beams,

but will impose some architectural constraints on the floor plan.

The numbering system used to identify members in the design calculations
ié shown in Fig. 9.1. 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 bents; Bents A being supported bents and Bents B being wind-

resistant bents.

The lower portion of Fig.{% summarizes the j~9.1
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
: practlcal building problem. The framing in Fig.
-8—1 is one of several practical structural solutions 9.1
¢ for this buﬂdmg and should not be regarded as
. an optimum structural system. .

5.2 TRANSFER OF WIND FORCES
The size and shape of the building in Fig. 9.1 suggest that resistance
to wind is an important structural consideration. To provide wind re-

sistance either a vertical bracing system, a moment resistant frame, or a



combination of both must be used. Vertical bracing is usually the most
economical solution when architectural requirements permit its use. When
architectural requirements are such that a bracing system would interfere
with the functional design of the floor plans, unbraced lateral force
resistant bents which have sufficient strength and stiffness to resist

" the wind forces and accompanying PA effect provide a satisfactory

structural framework.

The double solid lines in Fig. 9.1 indicate the location of the force
resistant bents. The five lateral force resistant bents are used to re-

sist wind acting on the long sides of the building.

_ . 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.- '
The plastic design example considers the design of the supported

Bents A and lateral force resistant Bents B shown on the floor plan in
Fig. 9.1. The supported Bents A are designed to carry only gravity loads.
Horizontal forces are transmitted from Bents A by diaphraghm action of
the floor slab to Bents B. The bending resistance of the members in each
Bent B are assumed to resist the horizontal shears from wind on a 48 ft.

length of the building and to provide the stiffness needed to resist the

P~-A effects.



5.4 SCOPE OF DESIGN EXAMPLE
The_design example is organized into four parts:
Part 1: Design of supported Bent A for Gravity Load.- Chapter 5
Part 2: Design of Lateral Force Resistant Benlt B for Gravity and

Combined Loads - Chapter 6

PartA é: Desi‘gn Checks for Bents A and

B—Chapter & 7
Part 4. Design of Typical Connections—
' Chapter + R

The calculations are arranged in a tabular
manual subroutine format, for ease of reference -
and to suggest the potential for computer Vs
subroutines A condensed form of the calcula- (Ref. 92)
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. &% 9.1
. 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
likely to control. Design checks of the irial
members for other pertinent design criteriz are
considered in Part 3.
« The manual subroutines used in the design of
. Bent A include Tables 872 to & and ere listed

/

9.2
" in Tab. &+ The major steps in the design are 9.8
: summarized below. ' 2.1
1. Design the roof and floor girders for 9.2
factored gravity load in Tabs. 82 and 9.3

2. Tabulate column load data and grevity
loads in the columns in Tabs. 8% anc 85, gg

3. Determine the column moments for fac-
-tored gravity load in Tab. &5 9.6
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 berding ' _—

in Tabs. &% and &58. ——
These steps are described in Arts. 45-to 4B

. The cclumn design criterion is stated in Art. A;_?

and rewewed in Art 499 : -

- RN A e




5.5 DESIGN OF GIRDERS IN BENT A (Tabs 9.2 and 9.3)

The roof girders for Bent A are selected in Tab. 9.2 and the floor
girders in Tab. 9.3. The roof and floor girders in the two outside
bays are fastened by a simple connection to the exterior columns and a
rigid connection to the interior columms. The use of a simple connection
will require a larger girder, but the fabrication and erection costs may
be lower than for a girder with two rigid connections. For a comparison
of the difference in girder sizes required, refer to Tabs. 8.2 and 8.3
of Ref. 1. The roof and floor girders in the interior bay are fastened

by a rigid connection at both ends to the interior columns.

For the exterior roof and floor girders, the formation of 2 plastic
hinges under uniformly distributed factored gravity loading (Tab..9.2)
results in the formation of a 3-hinged beam mechanism (Fig. 3.4). Using

the clear span Lg’ the required plastic moment is calculated as

M =_E”7_\‘8_ : (5.1)

o 11.66

where w is the uniformly distributed working load on the girders, modified
~ by live load reduction factors of the American Standard Building Code
(Ref 9,3 Section 3.5) for the floor girders, and F = 1.7 is the gravity load

factor.

For the interior roof and floor girders, the formation of 3 hinges
under uniformly distributed factored gravity loading (Tab. 9.3) results
in the formation of a 3-hinged beam mechanism. Again using the clear

span Lg’ the required plastic moment is calculated as

2

L
Pu
Mﬁ = —138_ : (5.2)



_ to total load on these spans is less than 0.75.

The required plastic modulus Z = Mp/Fy is used to select all girder

sections.

If the exterior roof girders were rigidly connected at both ends,
it would be assumed in Tab. 9.2 that the exterior columns below the
roof would provide a plastic.moment capacity (reduced for axial load)
at least equal to that of the exterior roof girders. Article 6.3 of
Ref. 9.4 describes a method for redesigning the éxterior roof girders
when the supporting columns have smaller plastic moment capacities

than the girders.

. The girders selected in Tabs. €5 and £58 21z ~~9.2

adequate for factored gravity load. Thess trizl 9.3
sections will be checked for live load defisction
and lateral bracing requirements in Chepter=s= - 7

Ao .

5.6 COLUMN GRAVITY LOADS AND MOMENTS-BENT A (Tab. 9.4)

The loading pattern that is likely to conircl
the size of the columns in Bent A is full fzciored

- gravity load on all girders (F = 1.7). This articiz

is concerned with the determination of ths exizt
loads and moments in the columns for this
loading condition. Other gravity loading caonci-
tions, consisting of various “‘checkerbozarc” tivz
load patterns on alternate floors and bays, wiil
produce different moment and end-resiraint
conditions in the columns. The effess <7
checkerboard loading on the columns is cor-
sidered in Chapter@. Here, it suffices to com 7
ment that checkerboard loading does not gover~
the column design in this example; it shculd b=
investigated when the adjacent girder spars a2
loads are nearly equal and the ratio of desd losz

~
)
le)
~




The column design begins with Tab. 9.4 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 fecord tributary floor areas
and unit loads. Line 1 of Tab. 9.4 assumes that the exterior and in-
terior columns support 41.4% and 58.6%, respectively, of the area in
the exterior bays., This distribution assumes the formation of a mecha-
nism in the exterior girders (Fig., Tab. 9.2), whicﬁ will occﬁr undef
full factored gravity loads with F = 1.7. If no hinges formed in the
exterior girders, which would be the case under working gravity loads,
the exterior and interior columns might support about 37.5% and 62.57%,
respectively, of the area in the exterior bays. Since éhe ratio .625/
.5864= 1.07 is less than the gravity load factor F = 1.7, the distribu-
tion of 41.47 aﬂd 58.6% is the most critical. For preliminary design
purposes a'distribution of 40% and 607 could have been used. Had the
exterior girders been rigidly connected at both ends, the usual distri-

bution of 507 to each column would be valid.

) Lines9 1w
- 13 include the calculations for the working toz2
in the columns below the roof. Lines 19 1 22
give the total dead load and live load contrib-
- uted by each floor. ' - C
The values are used to find the meximum
percen't\ live load reduction, Max. R in line 23
* (Ref. 4; Section 3.5). The limiting value of thz . 9%3 \4 -
; live load reduction is Max. R or 60 percent. Linz .




24 "giv'es the percent live load reductior: bzlow
level 2, based on the tributary floor arez. VWrzn
this rule is applied below level 4, it is found thzt
the permitted live load reduction is controlizd
by the 60 percent limit from levels 4 tc Z4. T
reduced live loads from the top three fioors z-
entered in lines 27 to 29 of Tab. &%, Lin= &
gives the constant reduced live 10ad incremsz-t
is

from levels 5 to 24. The calculations in 1

th

L) ﬂ)
/

9.4

ta‘f

[) (l)

are independent of the design method since
. same working loads are used in plastic design &
in allowa_b_!e_stress design.

(Y

U

COLUMN LOADS (Tab. 9.5

The column dead and reduced live luads gre
tabulated in Tab. 85 The first line of numbsars 9.5
in this table is the load increment from ¢ne fizor ’
which is constant between levels 5 and 22. For

example, -the dead load increment of aly kio 31.4
. in Col. (1) is obtained from line 19 of Tab. <5 ~ 9.4

The sum of the dead and reduced live loads givas
‘the working loads in Cols. {3) and (8) of 7

&s. Multiplication by F = 1.7 and 1.3 yields ine
factored loads needed in the plastic design of 1he
columng, A

=~
=0
foR

~—

9.5

in supported Bent A,

- COLUMN MOMENTS  (Tab. 9.6)

The columns must also resist bending mo-

ments which are determined in Tab. €%, T 9.6
sign convention and notation for moments cn
joint are indicated below the table. "os:
- moments act clockwise on the ends of merr

. {or counter-clockwise on joints) and Mj cznztas
a moment about the center of the jcint. Tr=
" additional subscripts 4 and B indicate momznis
at the left and right ends of girders, while U 253
L denote moments at the upper and lower &~ =32
of columns. Equilibrium of moments on 2 jsinT
is then expressed by the equation

w m m

ZM; =0 or

A—————

Mijy + Mjp, = —(Mjq + Mjp + M) (4= 5.3

where Mje is the moment about the cenzer ¢i
the joint caused by eccentrically framed merm
bers such as the spandrel beams. The right s.oz



of this equation represents the net girder moment on the joint.

Full factored gravity load may be assumed to cause plastic hinges

at the rigidly connected ends of all girders in Bent A.\r

l_—:Thus the girderé appl'y"k'ﬁowinl moments -

_1:0' 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, Mjy + M, -

~ above and below a joint is statically determined

from Eq.}Q. o L . T~5.3

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

the joint is
de
) MjB =M, +V, = (5.4)

where MB is the girder end moment at the right end at the face of the
column (MB = Req'd Mp for rigid connectionsy MB = 0 for simple connections),
VB is the girder end shear at the right end under full factored gravity
loading (VB up is positive), and d, is the column depth. Similarly,

the moment at the center of a joint from the girder to the right of the
joint is

M. =M -V -—2'3— (5.5)

where MA is the girder end moment at the left end at the face of the

column (MA = Req'd Mp for rigid connections; MA = 0 for simple connections),

VA is the girder end shear at the left end at full factored gravity load-

ing (VA up is positive), and dC is the column depth. VA and VB = 0.5

(1.7 ng) for a girder with both ends rigid, but they equal either



J4l4 (L7 wLé) or .586 (1.7 ng) (Table 9.2, figure at bottom) for a
girder with one end hinged. Equations 5.4 and 5.5 are valid for any
girder that forms a 3-hinged mechanism under uniformly distributed

factored gravity loads.

Equations 5.4 and 5.5 are applied in lines 1 to 7 and lines 10 to 16

of Tab. 9.6.

The moments are then
summed accordmg to Eq 42 in lines& and 16 5.2
1 At the roof, M;r =0 so line & gives thgc-olzr?%?9
" moment M;y. At joints below the roof, half of ;8
‘ the net girder moment is distributed to the
: columns above and below the joint in line ﬁ ~19
"~ This distribution of column moments is a
reasonable estimate but may be revised, if -
. convenient, when the columns are designed. See
. Art. 45- The results of the calculations in Tab, =5,
86 are summarized in the column moment - 9

"diagram below the table, with moments plotted
on the tension side.

.
[ox W}

A7 COLUMN DESIGN ASSUMPTIONS 5.7

The assumptions and design criterion for the
columns in Bent 4 are discussed in thus amcle It
is assumed that:

1. The#~ columns are to be erected in two f T wide~flange
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. :



J

¢

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

- 5. Moment resistance at the column bases is

conservatively neglected in the design-of

.  the bottom story columns.

6; Column sizes may vary from 8 to 14 inch wide-flange shapes. This will

| require more expensive column splices be;ween columns of two dif-
ferent nominal depths, but this extra expense may be offset by the
extra saving in steel that will result. In the exterior columns
especially the splices may not be much mere costly, as these columns

carry very little moment, and the splices can be designed on this basis.

The  columns ?esist concurrent axial load and bending moments and are
designed as beam-columns. Chapter 3 iists the parameters that may in-
fluence beam-column behavior, which include:

1) The end-moment ratio ¢, described in Fig. 3.12. This is an
important parameter in the design of beam-columns, because of its
influence on the end moment versus end rotation behavior (M-@). Table
9.6 indicates that under fﬁll factored gravity load all the columns in
Bent A are bent in double curvature (q = +1.0), except those in the
top and bottom stories where the end-moment ratio q = 0 is conservatively
assumed.

2) Major axis slenderness, h/rx. Large values of h/rX may result -
in in-plane bending of the beam-column.

3) Minor axis slenderness, h/ry. The h/ry ratio is used to check

for lateral torsional buckling of the beam-column.



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 irom
Egs. 42 and 44 This is the criterion tc be
- satisfied in the design for full factored g-ra'vity
load. The range of application of this column
. design criterion depends on the M-8 behavior of
- the beam-columns. This criterion will be &is~~  investigated
" eussed after the columns have been dedigned. | selected
It is not necessary to apply the column design

_criterion for full factored gravity load at every
“joint in Bent A because of the equai 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 toad. 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. ' ‘

P — _ 5.8

 4:8 DESIGN OF COLUMNS IN BENT A ~—————— (Tabs. 9.7 and 9.8)
Trial A36 column sections can be selected

- using the formula '

_‘Py =P+ 2.1 M/d but not less than JP (45) 5.6

iz where P = required-axial load capacity, kips

i M =required major axis end moment
capacity, kip-ft.

d = estimated column depth, ft.



Py = AF), Kips ,
J=1.12 for I}, = 36 ksi and lz/r}.<40
=1.18 for F, = 50 ksi and lz/rys 40
This f()}rn;ulla' %gsumes that the beam-column
moment capacity is governed by Mp, from Eg.

8';3 and is derived as follows: _ ' T~ 3.9a
“Using Mpe =M in Eq. 33 gives ; 3.9a
e
Py = P+M(085Py/Mp) = (4B} 5.7

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

"M, ZF, Z 2d {re\? e
p _ZEy _ (x i 5 g
Py AF, S d

Then Eq- 4% follows from the approximations 5.6
for most WF shapes, bent about the major axis

A2 A ~

ZIS = 1
4-8) .
reld ~ 043 48] 5+9
The term 2.1M/d in Eq. 455 represents an 5.6

“axial load equivalent’” for the major axis
moment. When this term is small compared with
P the resulting P/Py ratio approaches unity and
the beam-column moment capacity is conireiled
by flateral-torsional buckling, instead of Mpe. See
Design Aid 111

The basis for the qualification of Py’ = 1.33P is a result of the

requirement that P/Py < 0.75 for beam-columns (Art. 3.5a).



Trial columns sections for Bent A are selected and checked in Tab.
9.7 for the exterior columns and Tab., 9.8 for the interior columns. To
facilitate the complete design and checking procedure without requiring
the use of two tables for each colﬁmn, note that'two lines are uééd

for each column in Tabs. 9.7 and 9.8. The procedure is as follows:

1) Enter the required axiél load, P, and required axial moment, M,
in Col. (1).

2) Enter the estimated column depth, d, and calculate the equivalent
a%ial load, 2.1 M/d, in Col. (2).

3) In Col. (3) calculate the required Py value based on Eq. 5.5,
and select a trial section based on this value.

4) Enter the column height, h, and calculate the column end-moment
ratio, g, in Col. (4).

5) 1In Cols. (5) and (6) enter the Py’ Mp’ s and ry values for the
trial sectioﬁ, and in Col. (7) calculate the major and minor axis
slenderngss ratios, h/rx and h/ry, respectively.

6) Calculate the P/P? value for the trial section in Col. (8), and
from Eq. 5.6 calculate the maximum allowable MpC/Mp ratio.

7) In Col. (9) use Design Aid I1I to find the beam-column moment
capacity in the form M/Mpc, as limited by lateral-torsional buckling
énd in-plane bending. |

. _For values of ¢
between +1.0 and O, or between O and
.—1.0, conservative estimates of M/Mp can

_be obtained from the charts for ¢ = O or
—1.0 respectively.



The maximum allowable moment capacity M = (M/Mpc) x (MPC/MP) X Mp is
finally calculated.and recorded in Col. (9). The trial section is ade-
quate for.full factored gravity load if the allowable moment capacity
is at least equal to the required moment. The decision as to adequacy

is noted in Col. (10).

It should be noted that the large minor axis slenderness ratios
h/ry in the exterior columns below levels R and Z result in lateral-
torsional buckling failure of the trial columns selected. The sections
selected will, however, reach the required moment capacity before
lateral-torsional buckling occurs. Notice that only in Tab. 9.8,
below level R, is it feasible to try a lighter column section to re-
place the initial coiumn section, For sections governed by the condition

Py = 1.33 x P, a lighter section can obviously not be used.

In the lower protion of Tabs. 9.7 and 9.8, alternate designs are
included using A572 steel in the lower columns. The slenderness ratios
for the A572 steel columns are modified by the coefficient Fy/36 as
per Eq. 3.11. The use of A572 steel in the interior columns may be
especially economical, because all the interior columns will be of the

same nominal depth (12 in.).

An assumption used in the column desigh for Bent A is that 50 percent
6f 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 condi-
tions, the peak moment of the column above, MjL’ is less than the peak
moment of the column below, Mju, because the lower column resists a

larger axial load (CASE 1 - Fig 5.1).



" In the linear elastic portion of the M-8 curves,
the M-8 slope determines the column moment
distribution. The elastic M-8 slope depends on"
‘the column stiffness I/h and the end moment-
ratio q. The effect of a plastic plateau in the
column M-8 curves is to redistribute the column -
moments in proportion to Mp. as shown 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 50 percent of the net girder moment. tf
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. i
The procedure for determining the maximum
column moment sum when LTB limits the joint
rotation_and moment capacity of one column -
(Case & Fig. 4-2), can also be applied whenthe 2.
LTB ‘moment for one column is less than 50 . —— 5.1
. percent of the net girder moment on the joint.
. Redistribution of column moments is a design’
* refinement in the direction of economy butitis
not a mandatory design requirement.
The results of the tentative design of sup-
ported Bents A are summarized in Fig. €2 9.2
' vThese are checked in Chapter%— 7
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CHAPTER 6

DESIGN OF BENTS FOR GRAVITY AND LATERAL FORCE

6.1 Introduction

This chapter illustrates the design of unbraced Bent B in the
multistory building described in Chapter 5 and Fig. 9.1. This is part

2 of the design example.

Bent B must provide adequate strength to resist both factored
’ gravity loading and factored gravity plus lateral loading. It must also

be stiff enough to keep the horizontal drift within acceptable limits.

Selection of members may be governed'by either strength or
stiffness. The designer must specify criteria for both and base the
design on these requirements as well as check the design for remaining

requirements.

The design of Bent A, described in Chapter 5, illustrates
many features of the plastic design method applicable when strength is
the controlling criterion. Unlike a braced frame, an unbraced frame
develops its strength and stiffness from the beams and columns alone.
The design of unbraced Bent B in this chapter indicates how the stiff-
‘ness criteria cause an increase in the needed member sizes. Chapter 7
describes methods for checking design requirements not used in selecting

member sizes.

The slenderness of the framing system for Bent B is an im-
portant parameter which indicates whether strength or stiffness require-

ments will govern the design. The term slenderness refers to the ratio



of the total height of the bent hf to the distance L between exterior
columns. For Bent B, ht = 236.7' and L = 66", so ht/L = 3.6. This
ratio suggests that the frame is relatively slender and that stiffness

may be an important factor, especially in the middle and lower regionms.

The manual calculation procedures used in thé design of Bent
B include Tabs. 9.9 to 9.27 and are listed in Tab. 9.1. The major steps
of the design are listed below.

1. Tabulate column gravity load data in Tabs. 9.9 to 9.11.

2. Design the floor girders for factored gravity plus lateral
load., This step is referred to as the combined load statics calculation
and is performed in Tabs. 9.12 and 9.13.

3. Bring moments at joints into equilibrium by moment bal-
ancing in Tabs. 9.14 to 9.18.

4. Determine column thrusts for combined loading, Tabs. 9.19
to 9.20.

5. Determine column gravity load moments, Tab. 9.21.

6. Select columns in Tabs. 9.22 to 9.27 in accordance with
the requirements of Chapter 3.

7. Check story rotation, drift, and secondary design criteria

in Chapter 7.

6.2 Column Gravity Loads (Tabs. 9.9, to 9.11)

This article is concerned with the determination of the axial
loads in the columns under full factored gravity loading in all columns,
with F equal to both 1.3 and 1.7. As discussed in Art. 5.6, other

'gravity loading conditions will produce different column loads. The



effects of these load patterns are considered in Chapter 7, and will be

considered here.

Unlike the exterior girders in Bent A, all girders in Bent B
are fastened by a rigid connection at both ends to their respective
columns. This condition is not necessary. It has been found, however,
that the use of even only one or two simple connections per story makes
it impossible to control deflections in a lateral load carrying bent

‘unless exceptionally large girders are used.

The calculation of the column axial loads begins in Tab. 9.9,
in which the working loads for the roof and floor girders are listed.
Tab. 9.9 also lists joint wind load data for future reference. In
Tab. 9.10 the column loads originating from the roof and from each floor
are determined. The calculations in Tab. 9.10 correspond to those made
in Tab. 9.4 for Bent A. However, in Lines 1 and 2 a distribution of
50% is used for both the exterior and interior girders as they are

rigidly fastened at both ends. The common increments in lines 19 and

30 are entered in boxes at the top of Tab. 9.11.

The column dead and reduced live loads are tabulated in Tab.

9.11. Multiplication by F = 1.7 and 1.3 yields the factored loads

needed'in the plastic design of the columns.

6.3 Combined Load Statics Calculation (Tab. 9.12)

In Tab., 9.12 equilibrium of the frame in its displaced posi-
tion is formulated as was discussed in Chapter 4.

Col. (1) tabulates the wind load acting on Bent B, The wind

forces are calculated assuming that a lateral pressure of 20 psf., acting



on a 48 ft. width of the building, is concentrated at each floor level.
In Col. (2) the cumulative wind load is multiplied by the combined
load factor (F = 1.3) to find the factored wind shears immediately be-

low each level.

The PA/h shears are proportional to the total factored gravity
load IP, for both Bent B and the supported Bent A. It is assumed that
the PA/h shears created in the supported Bent A are transferred by
diaphragm action of the floor slabs to Bent B. It is obvious that if
Bent A has any stiffness against lateral load, which it undoubtedly
has, then it will help to resist a portion of its own PA/h shear. This
assumption of complete PA/h shear transfer to Bent B is conservative.
in calculating the PA/h shears, an ultimate load drift index, (A/h)uit.,
must be assumed. As noted in Tab., 9.12, (A/h)ult. is assumed as 0.010
for stories 2 to 24. To give a somewhat conservative design, these

values are obviously larger than the expected ultimate drift.

The total factored shears immediately below each level are
given in Col. (7). This horizontal shear below each floor level is
needed to calculate the sum of story column end moments and the sum of
girder end moments required to resist the combined gravity plus lateral
1oéd applied to the frame. Later, these end moment sums are distributed
to find the end moments on each member, The sum of column joint mo-
ments for one story of Fig. 4.1 is calculated in Col. (8) of Tab. 9.12;
it equals the total factored shear of a floor level multiplied by the

story height as expressed in Eq. (6.1)



A
ZMC IH + ZP (‘E) x h

ult (6.1)

Therefore, it is obtained by multiplying each shear value in Col. (7) by
the appropriate story height. This sum of story column joint moments is

listed for the set of columns below each indicated floor level.

As an estimate for preliminary selection of members, it is
assumed that half of the total column moments are at the top and bottom
of each set of columns in a story. Then, the sum of clockwise end mo-
ments on all beams of a level is approximately

IM =% (M) + (IM) _
g ¢ lev. n-1 ¢ lev.n (6.2)

in which lev. n-1 refers to the column end moments in the story above
the floor level and n refers to the column end moments below. The sum
of girder end moments is calculated in Col. (9) in wﬁich each entry is
the average of the values in Col. (8) for the given level and for the

level above it.

Using the above mentioned estimate is the same as assuming an
inflection point at the midheight of each column. From this assumption,
the sum of story column end:moments is distributed one-half to the top
of the set of columns and the other half is distributed to the bottom of

the set of columns.

This calculation is given in Cols. (8), (10), and (11). Each
line of Col. (8) lists the sum of column moments in the story which
supports .the level. The assumed distribution factor (in this case %)

divides this sum into two portions related to the tops and bottoms of the



columns. The portion related to the tops of colummns is listed in Col.

(11) on the same line as the given level and is identified as the mo-

ments below the level. The portion related to the bottoms of columns
is listed in Col. (10) in the next lower line, where it is identified
as moments above the lower level. This sequence is followed down

through the table.

" The bottom story could require special consideration, depending
on the column base detaii. In this example the foundation is designed
to provide fixed bases. Therefore, the assumed distribution factor
(again %) divides the sum of column end moments equally to the top and

bottom of the bottom columns as indicated in Col. (11).

6.4 Design of Girders (Tab. 9.13)

The design of floor girderé for Bent B is given in Tab. 9.13.
The requirement for the design of girders is a knowledge of the end mo-
ments on the girders. The sum of girder joint moments for a floor level
was caiculated in Tab. 9.12., The sum of girder joint moments for each
bay is calculated in Tab. 9.13 by distributing to each girder a percen-
tage of the total sum of gifder end moments for a floor level. Although
this distribution is arbitrary, for preliminéry design it is believed
that an equal division of the sum of end moments will require more nearly
equal sizes for all girders on a level. Therefore, the distribution
factor used here is 1/3 for the three bays of Bent B, which results in an

equal sum of girder end moments Mg for each girder of one level.

The steps to obtain a preliminary girder section are summarized

below and are found from the statical relationships given in Chap. 4.



1. Calculate Mpm required for each girder. Because of the
difference between roof and floor loads Mpm for lev. 1 for each bay

differs slightly from the equal values of Mpm for levs., 2 - 24,

For each girder calculate the required clear span sway moment

coefficient G.

(1~de)
- L (6.3)
G Mg X ——if————
pm

2. Calculate the plastic hinge moment ratio R using either

R= (2 x (1+§-)2 for G < 8 (6.4)
ct+l 8 - )
or R= (=) ©) for G > 8
o’ X% or & = (6.5)

vghere C is the positive plastic moment coefficient used to restrict hinge
formation and also to limit drift under combined loading. C will be
specified to be 0.4 for the combined ioading case, thereby limiting the
maximum positive moment in the girders to 0.4 Mp' C has been specified
to such a small value for the combined loading case in an effort to

control sway deflections in the relatively slender Bent B.

3. Calculate RLB which is the value of R used for gravity

loadingf F

.2 1
Rp~ (_C+_1 x ('F;) (6.6)

For the gravity load case, C is premitted to reach its maximum
value of 1.0, since sway deflections need not be controlled under gravity

loading.

4, Find the required plastic moment Mp for each girder.
= > .
M R x Mpm when R RLB 6.7)

) Rip * Mpm when R < BB (6.8)

=
]



It is interesting to note that for the particular case of
C = 1.0 for gravity loading, RLB will be less than R for all values of
G. This indicates that for Bent B all girders will be controlled by the
combined loading case. Under circumstances where drift is not a problem
and C = 1.0 is used for both loading cases, then the girders in tﬁe upper

levels will be controlled by gravity loading.

5. A required plastic modulus Z for each girder is calculated

from the equation

(6.9)
with appropriate units for Mb and Fy' Cols. (5) and (9) of Tab. 9.13
list the required Z values for all the girders. Preliminary girder sizes
éan then be selected from DA-I using these Z values. Preliminary girder

sizes are indicated in Fig. 9.3.

6.5 Girder Clear Span End Moments And Jeint Moments (Tab. 9.14)

From the required moment capacity of the girders, the values of
girder clear span end moments and girder joint moments are calculated for
the combined loading case in Tab. 9.14. The clear span end moments are
used in the design of the girders. These end moments tranformed to the
column éenter‘iines, called joint moments, are used in the design of the

columns.

INSERT FIG. 6.1



The criterion used for designing the girders under combined
loading is shown in Fig. 6.1. For C = 1.0, the girders form a 2-hinged
mechanism., For C < 1.0, a hinge forms only at the leeward end, called
end B, the maximum positive moment being equal to C X Mp. From Fig. 6.1
it is seen that the leeward clear span moment on the girder, MB’ is always
equal to the plastic moment Mp for the section. The windward clear span
moment on the girder MA equals the total sway moment on the girder minus

the leeward moment value.

MA =G x Mpm - MB (6.10)
The moments at the center of the joints are calculated in

Tab. 9.14 using the sign convention of Fig. 4.2, The joint moments are

found using the equations

dc
L
= L
MjB My + (4 + %6) x Mbm X (1fQS) (6.1})
L
M,, =M -M_ (6.12)

6.6 Moment Balancing (Tabs. 9.15 to 9.18)

After defining girder joing moments which help resist the
horizontal forces applied to the frame, the determination of column
joint moments which are in équilibrium with the girder joint moments is
executed in Tabs. 9.15 to 9.18. .One table is presented for each of the
four columns. Due to the symmetry of Bent B, the moment balance proce-
dure is executed for only one direction of lateral force. This still re-
quires knowledge of all the column end moments, therefore, the method
is worked for all columns of each floor level. If the geometry or the
loading were unsymmetrical, the moment balance procedure would have to

be carried out for both directions of lateral force.



The initial joint moments for the columms are calculated in

Cols. (1) and (2). They are initialized by distributing the sum of colummn
joint moments of Tab. 9.12, Cols. (10) and (11), among the columns. For
Bent B the distribution factor is assumed to equal 0.25 for each of the
four columns. Therefore, the sum of the coclumm end moments is diﬁided

and assigned equally to each column. As indicated in Cols. (1) and (2)

of Tabs. 9.15 to 9.18, for each particular joint there are column joint
moments marked "above'" and "below". The column moment marked "above' is

" the joint moment of the column above the floor level at the lower end of
the column. The column joint moment marked "below" is the joint moment

of the column below the floor level at the upper end of the column.

The unbalance in joint moments at each joint for a floor level
is obtained by summing the right end moment from the girder left of the
joint, the left end moment from the girder right of the joint, and the
column joint moments above and below the joint. The reverse sign of
this unbalanced moment is the amount which must be added to balance the
joint. It is abserved that the sum of the unbalances of all joints in
a level is zero. This means that the proper amount of column moment is

present, but some of it is temporarily assigned to the wrong colummns.

The joints are baianced by distributing the unbalance to the
column ends above and below the joint. For Bent B a distribution factor
of 0.5 is used for distributing the unbalance above and below the joint.
For most frames this distribution of 0.5 will be sufficiently accurate,
even thOuéh the column below the joint may take a slightly larger portion
of the unbalance, since the lower column may have a higher stiffness than
the upper column. The changes in column joint moments are then added to

the initial column joint moments to give the final column joint moments.



As a result of this moment balancing procedure a set of
column joint moments are‘now deferﬁined; they are.in eéuilibrium with
the girder joint moments and with the lateral shears due to wind and
P-delta effects. They may be used as a basis for preliminary selection

of column members.

6.7 Procedure to Find Foundation Moments (Tabs. 9.15 to 9.18)

The moment balance for the bottom story may follow the same
précedure as that used in the stories above. Knowledge of the moment'
resistance of the column base detail is necessary to do the moment bal-
ance. The foundations in this example are designed to provide full base
fixity. Therefore, the increment of moment at the top of the bottom
Story column, due to moment balancing, results in an additional increment
of moment at the column base. For this example where full base fixity is
assumed, one-half of each additional bottom story column top moment is

carried over to each columm base.

The moment balance procedure for bottom story column moments
is done in the lower part of Tabs. 9.15 to 9.18. The sum of initial
column base moments is given in Tab. 9.12. Then, the sum of column base
moments.is divided and assiéned equally to each bottom story column,

again using a distribution factor of 0.25 for each of the 4 columms.

The unbalanced moment applied to the top of the bottom story
column is then carried-over to the column base, resulting in the additional
foundation moment. The foundation moment is then the sum of the initial

and carry-over moments,



6.8 Column Thrusts For Combined Loading (Tabs. 9.19 and 9.20)

The column thrusts for combined gravity plus lateral load are
calculated for each line of columns in Tabs. 9.19 and 9.20, one table for
exterior and one for interior columns. Due to the geometric symmetry of
of Bent B, the éolumn thrusts are found for only one direction of lateral
force. This still requires knowledge of all column thrusts. If the
geometry or the loading were unsymmetrical, the column thrusts woula

have to be found for both directions of lateral force.

The determination of the thrusts is based om calculating the
vertiéal shear in the girders adjacent to a column and algebraically
adding this shear to the thrust based on gravity 1oading of thé tfibutary
érea. Due to symmetry of Bent B, the exterior column axial forces are
equal for gravity loading, and the interior column axial forces are equal
for gravity loading. The vertical shear for a girder to the left of a
column is added to the gravity axial load because the net girder wind
shear results in a downward force. The vertical shear for a girder to
the right of a column is subtracted from fhe gravity axial load because

the net girder wind shear results in an uplift.

Vertical shear is_determihed by dividing the sum of end moments
for each girder by the girder span length., 1In Art. 6.4, the total sum
of girder end moments for each floor level was evenly distributed to each
girder. Therefore, every girder per floor level has an equal sum of end
moments. In additiom, the vertical shears of girders for bays 1 and 3
are equal due to symmetry. These were previously listed in Col. (1) of
Tab. 9.13, and for convenience they are relisted in Col. (1) of Tabs. 9.19

and 9.20.



The Z(2) in Col. (3) of Tabs. 9.19 and 9.20 indicates the sum
of the girder shears from Col. (2). 1In Tab. 9.19, the cummulative girder
she;rs of bays 1,3 are subtracted and added to the factored (F = 1.3)
column gravity thrusts for the left exterior and right exterior columms
respectively. In Tab. 9.20, the cumulative girder shears at bays 1,3 are
added and subtracted to the left interior and right interior columns,
respectively, while the cumulative girder shears of bay 2 are subtracted

and added to the left interior and right interior columns, respectively.

The column thrusts have been computed for the combined loading

case (F = 1.3). They are used in determining the required column sections.

6.9 Column Gravity Load Moments (Tab. 9.21)

Columm end moments due to factored gravity loading (F = 1.7)
are calculated in Tab. 9.21. These moments are needed to make a com-
Parison with the moments for combined loading to determine which loading

condition controls the column design.

As indicated in Art. 6.4, the girder member sizes for Bent B
are all controlled by the combiﬁed loading condition. Because these
girder sizes are larger than those which would have been required to
carry only gravity loads, it would be unrealistic to assume gravity load
end moments of the girders equal to the plastic moment of the section.
(As previously mentioned, girders in the upper 2 to 3 stories may be
controlled by gravity loading, for which the plastic moment of the section
would occur at the ends.). Therefore, the gravity load moments are
assumed to equal the elastic fixed end moments on the girder clear span

and are given as

MB = -M === F_ wulL (6.13)




The end moments are given in Cols. (1) and (5) for bays 1,3 and bay 2,

respectively.

The joint moments due to these end moments are then calculated as

2
F1 ng dc/L

16 X (1=dc/L)

Moo= M, =M +4x (6.14)

jB JA

The sum of the girder ernd moments, considering the girders to
the left and right of the joint, are calculated in Cols. (2) and (6) for
joints 1 and 2, respectively. Due to symmetry of Bent B the end moments
" for joints 3 and 4 are not shown. The sign convention for girder joint

moments is indicated in Fig. 4.2.

From equilibrium, the sum of girder joint moments equals the
sum of column joint moments at each joint; To find each colummn joint mo-
ment for the gravity loading case, the girder joint moment sum is
assumed to be distributed equally to the columm above and below the joint.
Column joint moments above and below the joint are given in Cols. (3),
(4), (7) and (8). These column joint moments will be used in a later

table to calculate the column\end moments under gravity loading.

6.10 Design of Columms in Bent B (Tabs. 9.22 to 9.27)

The design of columns in Bent B follows the same procedure as
the design of columns in Bent A, Art. 5.8. However, the columns of Bent B
must be designed for both the combined and gravity loading conditions,

whichever is the most critical.

Tabs. 9.22 to 9.24 are used to select a preliminary column size.
The first step is to determine the colurmn end moments from the previously

determined column joint moments. For any given column joint moment Mj’



the column end moment Mb may be calculated as

d
= -y -2
Mc Mj v 2 (6.15)

where dg is the depth of the girder, and V is the column horizontal shear.

For a given column, V is calculated as

M.u + M.L
where Mgu and B%L are the upper and iower column end moments, respectively,

and h is the center-to-center height of the column. Using Eqs. 6.15 and
- 6.16, the column end moments for a column below a level are given in

Cols. (6) and (7) of Tabs. 2.22 to 9.24.

Trial columm sections for major axis bending can then be selected
using Eq. 5.5

Py =P+ 2.1 M/d (5.5)
where P is the required axial load capacity, and is listed in Col. (8)
for the appropriate loading condition of each of Tabs. 9.22, 9.23, or 9.24.
As before, P/Py must be less than 0.75. The column depth d has been assumed
equal to 14 inches for Bent B. The major axis bending moment is the
largest moment in the columm, Since the columns in Bent B are bent in
double curvature, the largest moment in a colummn is either at the top or

bottom end of the column.

As discussed in Art. 5.7 in relation to Beni A, it is not nec-
essary to apply the column design criteria at every 1evei in Bent B.
The same column levels designed for Bent A are designed for Bent B, as
indicated in Tabs. 9.22 to 9.24. 1In these tables notice, however, that
to obtain the bottom column end moment for the column below n, it is

Necessary to know the column end moment above level n + 1.



Using DA-I, trial sections are selected to satisfy the trial
Py values selected in Col. (9). Trial sections are selected only for the
critical loading condition. It is of interest to note that gravity load-

ing controls the design of the columns only in the upper stories,

As for Bent A, the lower story columns of Bent B are also

designed using A572 steel.

Preliminary column sizes are then checked in Tabs. 9.25 to 9.27
for their in-plane bending strength and lateral-torsional buckling strength
using DA-III., If the allowable moment is greater than the required moment,
and the ratio P/Py is less than 0.75, then the column section is sufficient.
Lighter trial sections can be tried, to guarantee that the chosen column
;ection is the most economical. Refer to Art. 5.8 for a more aetailed

explanation of these tables.

The columns in Bent B are limited to 12" and 14" sections.

Smaller depths in the upper story columns may result in lighter sections,
but this would entail additional splices between columns of different
depths. An additional consideration which must be taken into account is
that below level 2, a lighter column could be used than that required
below level 1. This is because of the large column moment below the roof
level. However, it is better practice to forego a nominal weight saving
by running the same size column straight.through, rather than making a '

splice from a heavier column above to a lighter column below.-

Preliminary column sizes for both A36 and A572 steel are

indicated in Fig. 9.3.



CHAPTER &

—

Design Checks and Secondary Considsraﬂons

64 INTRODUCTION

The primary stage of a structural design is
usually concerned with the proportioning of
members for strength and/or stiffness. The
.désign conditions considered are full factored
gravity loading, factored combined loading, and __p*an assumed value for the sidesway of the frame

7.1

v

wind drift. In Chapter {g'éﬁ-?-t- was chosen-as-the ,6 : .
governing--design—condition—{or-the—columns-in [ to give a somewhat conservative
Bent-B—In this—chapter—the-strength- of these design. First of all a check must be

‘ ey 1 ; ] — made to assure that the chosen sway is
ecked-for-gravity-ioad {F-—= definitely adequate to check for the

+-7}-and-combined-oad-tF="13F o stability of the frame, and to assure
In addition there are secondary conditions that the sway at working load remains

(secondary meaning that they are not usually ;| lwithin an acceptable limit.

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
2. deflections at working load .
-S-sidesway-underfactored-eravity-toad— Coa3
4. spacing of lateral bracing /4 _

. Beeffect of shear on bending capacity. ' /5 -
- 6. uplift at footings

S

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. |f 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
vsarrant undue design time.

7.2 SWAY ANALYSIS

No detailed calculations will be made here regarding the calculation of
sway deflections. A more detailed discussion of sway analysis is given in
Art. 4.4,



€3 CHECKERBOARD L OADING

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- m N
i |' Fw | IFWd
(M i l
Columns te C;.l : ' g
" bechecked . \lr Fwg ALV
L—
Fw Fw
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\\
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:\\
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(b} Moment Diagrams

__FIG.-6+ CHECKERBOARD LOADING .
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and the strength of a column is highest when

bent in this configuration. If tha ratio of the end
moments ¢ is reduced (.q <+ 1.0), the column *
strength can be adversely affected. See Design

Aid 11,

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-Ha). 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 (¢ = —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-%(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 q
must be determmed In the full loading case, Eq.
4-3 was used to_calculate the net girder moment

where MB was taken as the required M,
£g—4-+ The net girder moment at the colu'nn
centerline for checkerboard loading can be

the full gravity loading governs

assuming rigid connections in case
the design.

determined from Eq. 6—1~.\\
, 7.1

Net girder moment =

' [ﬂvL d '  ' iﬁvdL ac
My, + T Fl Mg + =

FULL DEAD
LOAD . LOAD

(s 7.1

where M, is the moment at the ends of the
girder under factored dead Ioad alone and is
assumed as

F\vdng

Md = 12

46— (7.2a)

- for girders, the ends of which are

” - : rigid-connected and
but may not exceed Mp_ The sign convention is

shown in Tab.82% f My = My, plastic hinges

form at the ends of the glrderd under factored
dead load alone, so there is no Ssignificant
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, q 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.

61(b).

My = d= (7.2b)

_for girders with far end simply
Lsupported. '

— 9.27




However, g must be greater than zerq because

of the restraining effect of the members at the
levels above and below. Therefore, it is conser-
vative to use ¢ = 0 for the exterior columns. A
comparison of Design Aids |l1—-1b and 11i—-2b
shows that for hi/r, < 25 there is no difference
between the major axis bending strengths for
q = +1.0 (double curvature) and g = 0 (one
end pinned) unless_P/Py > 0.6. In fact, the
difference does not become significant (~ 5%)
until P/P), > 0.9. , -
A reduction in g from +1.0 to O can als

affect the lateral-torsional buckling strength
"(LTB). A comparison of Design Aids I11—1a and
l1i—2a shows when this change in ¢ has an
effect, and the results are given in Fig. 2=

> in many cases

Combinations of P/P), 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

" . velues fall above the line, further analysis is

indicated; Design Aid 11l—2a must be used to
check for the actual LTB strength.

1.0

0.8
LTB may contro!

0.6}
_1_"_ .NO LT3
Py

0.4

0.2fF

+1.0<qg <0
] 1 1 i 1
0 20 40 60 80 100
Ty

FIG. 62 EFFECT OF LATERAL-TORSIONAL BUCKLING
ON BEAM-COLUMN STRENGTH

check Design Aids TIL - 13, 2a

>7.2

7.2



In the interior columns, checkerboard loading

affects both ¢ and the maximum bending
moment, and g can vary over the full range of
+1.0 to —1.0. The curves in Design Aid Ii
_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 Casedl ard= of Fig. 4% 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 &

arre-d—tAArtr 40—

L Sl .

A 2

In most instances, it will not be necessary to
consider the interior column rotations because g
will be between +1.0 and O, or in many cases
where ¢q is between 0 and —1.0, the column end
moments are so small they can be neglected.

‘This is especially true where gifdér 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 Eqs.-G.r—? and 6{—2‘ distribute

> 5.1

.1

LY

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.

2.1n some cases it will be sufficient. 10
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 q between +1.0 and O (all exterior
columns and most interior columns):

a lf 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. -6l2— lateral torsional

7

buckling does not govern. Compare the
maximum column moment with the
allowable moment determined for full
loading.

> 7.

2

» of Fig. 5.1

7.2(a,b)



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 lil and com-
pared with the applied loads as outlined
in Art. 45

4. For g between O and—1:

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

"b. If the column moments are in excess of
0.05M,., use Design Aids 1l and Il as

per
described in Art. 4-9-to determine the

—5.8

column strength.

The calculations for column end moment and
q for Bents A and B are given in Tab-824. Since

plastic hinges form under factored dead lcad in
Bent A, the net girder moment and g for-
checkerboard loading will be the same as those
for the gravity loading. Full gravity loading was
checked in Tab.8; all columns of Bent 4 are

9.27 and Tab 9.28, respectively

&

, 9.7 and Tab. 9.8

satisfactory. Since g =0 for Bent B, Step 3(a) is
used to check ‘the columns in Tab.-824; all the

3 9.28 ; all the interior columns

columns are satisfactory.

64-DEFLECTIONS AT WORKING LOAD

satisfactory. However, the exterior
columns above and below level 4
must be changed. They are replaced
by a larger size to satisfy the
requirement for LTB.

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:

3 5W1Lg3

L&\

— 7.4

L, 3B4EI

\-O s

3(7.3)



‘Reduced live loads w; are used in the calcu-
‘lations, and deflections are calculated only at
working load. In Tab.-825; 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

-—39.29

» they are

lightest girder—is considered since = the most

critical. -

66-SPACING OF LATERAL BRACING

2 are

—%-[girders among those below level

+A—a—braced—muttistory—frame—the—mement
ciagram—at-the-girderdesigacondittendtsskown
-Fig—6-44a}. Lateral bracing of the compression
flange is required in the vicinity of the plastic
hinges to ensure that M can be reached and a
mechanism can form. The lateral bracing re-
quirements are given in Tab.-3=k 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. eftig.

— 3.1

"Fhe’ required bracing spacing at the plastic

hinge locations (center and both ends) is given in

Fig. €4t for A36 steel.

These rules were

derived by determining the range over which a

bracing rule is applicable. For example, from

—3

Fig. 6tet at

A\

the _center iRz n‘._

7

>

For instance, the moment diagram of
an interior girder in supported Bent
A is shown as Fig. 7.3(a), then the

s 7.3(b)

7.3(a)

> 0.5
M/Mp 0
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I <6—+l€;4+- 50 ley = 3Bry;: Eliminating I, gives

g/ry >88v‘6—1-94—-—+96- At the center if
L /r > 1986, then braces must be spaced at 38 ,- »_38/0.25 = 152
For Lg/ry < ¥96. a spacing of €57y, is permus—'———) 153

sible. Thus it lsTonly necessary to calculate L, /r,. R \\‘;SSry
to determine the bracing spacing at the center. > 153 | 63ry
Bracing from the ends can be placed at 8&ry————— 631
For the 38k rule to govern, it would be )‘33ry
necessary to have a girder with a Lg/ry > y
For rolled sections, such a girder cannot exist: 38/0.0785 = 485
because deflection limitations would restrict the’
girder length to a much smaller value. ,
The maximum bracing spacing for the com-
pressnon flange for the g|rders of Bents 4 and 8
are given in Tab. 8—26- As a practncal consider- ’
ation, bracing can be provided only at the joist . 9.30 and Tab. 9.31, respectively. In
Jocations. A tentative floor system design has ~Bent B plastic hinges are formed at

the leeward ends only for combined
gravity and wind loadings, F = 1.3,
as_shown in the figure.

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. 82% showg that in all 5 9.30 and Tab. 9.31
cases, the allowable. bracing spacing .is greater

than the joist spacing so the top flange is

adequately braced. Bracing may also be reguired

in the compression regions of the bottom flange.

In Bent A, ashort 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 &B#y, no bracing is necessary. +Hr—Bept3, s 63r

67 EFFECT OF SHEAR ON_BENDING
CAPACITY

5 7.6

EqQ. 33 gives the maximum allowable shear 3 3.5
force which a member can resist. |f the actual’ '



shear is greater, then the web of the se rion
must be strengthened or ihe member size -
Uil Sty et ettt oot
Teb=8-27 The maximum zpplicd sheer is miver

by

Fwl
Vimax = 2 £

Eom equilibrium or symmetry. The largest shear

occurs when F = 1. 77AHgirdeesfa s—4-end

) ————— (7.4)

A for Bent A

vvvvv

&6~ UPLIFT AT FOOTINGS—BENT B

The engineer must provide for possible uplift
forces at the-footings of Bent B unider combired

load. Arestimote-ofthossmmaliis

ISl dalol BN TN o XiV]=)
HoF —Gven

H—Fob—3-28—Atworkingload—ind can-couse
2O3teips—opifiattho-oxisrior fogting and 268

LN

7
and the shear is checked in Tab. 9.32.
On the other hand the maximum shear in
the girders of Bent .B must be determined
by comparing .V in Eq. (7.4) for
F = 1.7 with the value obtained by
Eq. (7.5) for F = 1.3 as shown in
Tab. 9.33 .

Fwl M +Mb
- 8 a
v = ==t T (7.5)
g
All girders for Bent A and B are
L satisfactory
‘ 27.7
7’

In general, uplift forces do not

occur in unbraced frames. But in a
multistory frame with narrow bays

these forces are possible. Tab. 9.19 (5)
and Tab. 9.20 (5) show no uplift

forces in Bent B.
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CHAPTERZ g
Connections

7 INTRODUCTION - ' 8.1

The successful performance of every structure
depends upon the connections as well as upon
the main members. Connections that are not ]

satis~

capable ofaetueumg—-the—assumed—éegwe—e'f—eﬁd- fying the assumptions made in the desigri
fixity cause-the-girders-to-earry-highermid-spef- cause the behavior of the structure as
fmoments-than-alewed—for-in-design—hus;—the a whole to be changed and the ultimate
behavior-of-the-structure-as-a-whole-ts-chenged strength of each member
and-Hs-ultimate-strength-may be quite different
from that computed by the designer.

Design of a connection must consider not
only angle;, plates, welds and bolts but also the
webs and flanges of glrders and cotumns near the

juncture,
| S Y T '
The requirements-for-connrections-are— The requirements for connections are:
S . 1. strength
-1—8&Feng‘(-h— 2, stiffness
-Q'*HQ*G“-W- - _ 3. rotational capacity (ductility)
-3—lack-ef-interference-with- 4., 1lack of interference with archi-
architectural-features- : . tectural features
4._economical-fabrication- 5. economical fabrication
5- ¢ . . | ) L6. each of erection

These are requirements for allowable stress
design as well as for plastic design. The perfor-
mznce 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
eithar 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
thz 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 g .
3. excessive column flange distortion leading
to weld and fastener failures
poor welding and poor welding details
5. improper bolt tension

»

Fa Yl
+2-TYPES OF CONNECTIONS

In multistory building frames the impo'rtant
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:

:F 1-,,9.'.IE . . | ~ I _"

cfici igidity—to
Jhold-virtually_unchanged.the original
angles between_intersecting_members
M deval . o "
ately-adjacent-to-the-connection-
Pypo—2-——Simple —assumes-ends—of-beams
and—girders--are-connected-—for—shaear
only_and arefree-to-rotate—from-the
beaingi f loadi

As noted in Art. 4.2 the application of plastic
design principles to multistory braced bents
requires 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,

J

8.2

Type I: commoﬁly designated as "rigid-

frame" (continuous frame), assumes
that beam-to-column connections have
sufficient rigidity to hold virtually
?nchanged the original angles between
intersecting members.

Type 2, commonly designated as "simple"

framing (unrestrained, free ended),
assumes that, insofar as gravity
loading is concerned, ends of beams
and girders are connected for shear
only, and free to rotate under
gravity load.

Type 3, commonly designated as "semi-

rigid framing" (partially restrained),
assumes that the connections of beams

and girders possess a dependable

and known moment capacity intermediate
in degree between the rigidity of

Type 1 and the flexibility of Type 2.
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Tho-compression-flange—foree-C—fans-outesit

is-tronsmitted-through—the-eelump-Hangete-the
toe-ofthe-filetwhero-it-may-eripple-the-column-

web we._Résearch-has-shown-that-erippling-will
-Rot-oeeur-if-the-following-inequatity-is-satistiod-

y

Stiffening the column should be
required to prevent premature failure of
a joint component due to column web
crippling or column flange deformation.
Otherwise, the full capacity of a connec-
tion can not be developed.

On the compression side of the beam, .
crippling of the column web should be
avoided. If the compression flange
force C is assumed to be distributed
over a region Q on the column face and
to fan out on a 2.5:1 slope from the
point of contact to the k-line of the
column web, the force in the beam flange
may be resisted by a length at the k-
line of column web equal to (Q + 5k),
where Q is given as
Q= tg for the welded connection of

Fig. 8.2(a)
Q=t + 2tf for the T-stub connection
of Fig. 8.2(b)

Q=t + 2t for the end plate connec-
t%on of Elg 8.2(c)

ey

Crippling will not occur if the force
as given in the resisting force is
greater than or equal to the flange
following inequality

kK)F > AF (8.1)
W (@) ye fys
where W = thickness of column web
A; = ares of one girder flange
F ~ = yield stress of the column
Fi; = yield stress of the girder

For a column with a slender web, for
which

8.2
dc/wc > 180¢ch (8.2)

where d = the depth of the column,
stabiligy of the compression region may
govern rather than strength alone. By
considering the post-buckling strength
of the column web, it is suggested

that the following relationship be
satisfied (Ref. 16 )

F d /F__

_yg, ¢ _yc
W < e A 2100 (8.3)
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The tensile flange force T has a different

‘effect on the column. It bends the column

flange as shown in Fig. #=and in the process

8.3

the ductility of the weld joining the girder flange -

to the column may be exceeded, causing weld
fracture. Research has shown that this is nct

_likely to occur if the column flange thickness
~ satisfies the following inequality:

tc =04
ch

A

N

\——in a welded connection

F
a0 @y 8.4

If a T-stub or an end plate is bolted
to the column flange, the connected
tension force is distributed into the
column flange through the fasteners.
Therefore, the need for column stiffen-
ing should be estimated differently.

A column flange of an effective length,
b, can be considered to resist the
bending moment caused by the tension

"~ force, T/2, at a distance of g/2 from

the center line of the web as shown
in Fig. 8.4, 1If the following in-
equality satisfied the plastic bending
strength along the fillet of column
section will exceed the bending moment
along the fillet

T, g bti

(= < —

@PE <75 F, (8.5)
where T is the applied force and g
the fastener gage. The effective
length, b, is defined as

b=+ 3B (8.6)

where r is the fastener pitch or spacing
along the column flange (Ref. 17 ).



If the requirements of Eqgs. %J—a@d—'l:%‘are ‘8.1 to 8.5

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. 3 Vertical 8.5
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: ) (8.6)

Vertica!l stiffeners: e - o ,

A W_(Q+5k)F

AfFyg— sckg =SB — ¢ Ty

) e Bl Fe =0 4 (8.7)
v ,

L 1x2 (Q+5k) tsFys

| where t, = thickness of the stiffe:;er
T Fy = yield stress of stiffener
s ts 7 § = effective thickness as
L defined in Fig. 8.2
A
v,
{a) HORIZONTAL STIFFENERS
t
| e |
Ly
! i i
s
| :
' .
‘t//Eff,bs =4z 26k Q + 3K
7 <
A

{b) VERTICAL STIFFENERS’

FIG. ¥8 TYPES OF COLUMN STIFFENERS 8.5



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.?—‘lée;where M;q is greater 8.6a
than Mjp and V), is the shear in the column just

above the top stiffener. Fig. —7—3&3— shows a ,8.6b
freebody .diagram of the top stiffener. Column
web shearing stresses are required for equilib-
rium. Assuming that the shearing yield stress
F
. y . . _
Is —= the following inequality must be satisfied:
. Fye - (8.8)
vwcdc"—>'TA—TB—VL 445} st ) _ . At a
4 3 giwder-to-column connection in a lower

story of an unbraced frame, the bending
moments of girders may be antisymmetrical
8.8 |as shown in Fig. 8.7. Then, the follow-

If the thickness of the column web is less than
that required by Eq. -5, diagonal stiffeners or .

doubler plates must carry the excess shear. - - |ing inequality must be satisfied in-
- stead of Eq. (8.8).
T Ayv T, : Foe o (8 9.)’
B L - : - : )
- A wcdc%?-TA-'-TB v

MiB L\

? ﬂrliA

7
Mip L Miy
T = — [= — | A = —
dgp TR dga
(v . - .
(o \
N\
_ FIG.5-4- SHEAR STRESS IN COLUMN WEB 8.6 18 Vi T
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Fig. 8.7 Shear Stress in Column Web
Due to Antisymmetrical Bending



The design of diagonal stiffeners is based on
the stiffener carrying the excess shear. Thus,

from Fig. 5= the required area of two stiffeners
symmetricatly arranged is given by:

Fye

AsFyscos § 2Ty~ T ~ Vi — wede —
4 V3

VL
TB = 3 TA
5 wede,
DIAGONAL STIFFENERS
AgFys cos 8
]
Ty = AsFy,

F1G. -6 FORCES ON DIAGONAL STIFFENERS
jvi

8.8

L(s.lo)

8.8

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

. e | bi bi :
| .. bl . i I :

The effect of high axial stress on
the yielding of column webs due to shear
has been studied in the experimental
research, However, post-yield strain-

only-academic-interest-beam-coturrrs-with-high
ol toad-ol | l ve_of 1!

st;epgxb_tg.cam/_mamems.tbat_pmduc_e-mlumn

sweb-sheak e

hardening counteracts the deteriora-
tion of shear strength sufficiently to
make it primarily a matter of academic

Linterest.



+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
uah;e.iwdes&ga-may-be—ebtaaed—by—mﬁﬂﬁwﬁg
the_aUQwable_mmkmg..suess.vah;e.by.J_al,lhus
for-E60-electrodes;

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 cornections
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 toO 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-

‘8.4

A value for design may be
obtained by multiplying the allowable
working stress value by 1.70. Thus for

| E70 electrodes,

Fy = 1,70 x 21,0 = 35.7 ksi

nections .cmgh.t- be bearing-type. However—the T
A+SG—Spee#+ea¥+eﬂ-States-+n—SeGI40n.2J.,_whea-
esed—te—&cansmmhear_pmduced-by-lbe_ulnmam
W@—&MOM%MW
WLMGW
;eeegm;gn.of—enly-incuoaulype.connecuonun

plastically-designed-structures. | -

can

\( deletion)



The-allowable—shearstresses-preseribed—for ]
hig b bolis_infricti .

. : £ o . lio_of at 1.4
[ i v loads Wi he_
stress—is-trereased-ene-third-for-wind the-faetor
of saf. I e T I |
ebtain—ar—ultimate—shear-stress;sHp-wil-occur
waderallfactored.loading-conditions-Licaurse,

H—is—pot—expected—thaet—fectored—toading—wit J
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
sced about two feet above the ﬂoor level. The
sgiice must be desngned 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 I|ve load.
(F.=1.3)

According to the AISC Spemf:catlon 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
ar2 milled. Partial penetration groove welds
hzving no root opening may be used to join
cciumn flanges when the stress to be transfﬂrred
viill permit them.

(deletion)



When columns of the same nominal depih 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
tha upper one, it is necessary to weld stiffeners
on the inside of the lower column flange to
provide an adequate bearing surface. Alternative
sclutions 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
uppar column. - : '

Horizontal shear forces are resisted by plates
or: both sides of the column webs extending
across the joint of the upper and lower column
szctions. If a butt plate is used, shear is resisted
by bolts cohnecting web angles to the butt plate.
Wzb plates or angles also aid erection by holding
tr= column sections in line during field welding.

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. -

18



irto—the—girdar—flange-and-the-vertical-compo-
into—the-logical-resisting-mermber-without-Hitro-
dusing—a~shear-irte~the-other~However—~other
considerations-often—cause-deviations—from—this
‘deal-arrangement—\Welded-girder-to-columm-con-
. ﬁ i sirnolici ¢ datail

E -l. N l . E I -

type-ef-member-used-for-the-bracingyien—tods,

pairs-of angles,-H-section,~ortubes-like the pipe !

| i the desi le G l i
. e ol I ! ;
walded—te—me—bcaee—may—be—used—lhe—m%-
strepgih—bolt—is—idealy—suited—fer—maldng—the
field-connection-because-of-its-ability-to-pullup
| b slott] I _snd-il
weldi l I he ol " .
butt weldsjoiningtubes-to-end-plates-provide-an
I simol .
I I:I . - I. I - - l
at-ridspan-of-the girder.-Besearch 19 has shawn
: onis_devel i
lines_of 11 oL . b
+eaching—the—girder—ecenierling—i.en-have.a
Regative—eccentricity,—This_geometric—arranges
fent—eauses—a-partial-intersection—of-the-pipes
eomponents-of-the-brasing-forees.-
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DeESLgN SXAMPLE - PART 3
SUPPORTED BENT - A
COLUMN (HECK -~ checkerboard Load

“TADLE
1. 2%

S Vﬁf"\' Lonv%‘f‘im +

b
. -

ad @)y 3 “)y ) %) 1) (2) %)
L . Cxt, Col, Tt Cal.
"1 Ttem - Units| Operation Lovel DiL | Leve] C Leve| T, L Level C
2 57\1 \ I%+‘ Ilrff\ ex-t\ IY\TQ Exf'

Deodd ol | Full Dead | Dead | Full
| Fw Kl$]| Tol. 3.3 Cia) 3¢9 | 519 3.09
2 Fwa KU4 ] Tal, 2.3 (01, 12) 2.3| 23\ | 3.20
F=i7
3 La T q.205) 26.0 | lio o | 26w | 1o | 26.0
4 ‘Ac -g"t To,(r_q.').(4') he ho l.o .o Lo j.o
5 MP or Mg |K-§t| Moment Diogram o -3q.2 | M.} [~-33.3 tna.|
6 Ma K-§t 63.7.'2 [v) 114.1 | -33.3
7T|M; Full |K-it 63‘7‘1;(9)\»140)(;)(4) a5% | —sa5 202.7] -
8| M; Dead [K-5t E%‘q\ | ;(6)+-',;<1—)(3)L4) -0 b 1A |-%24
oR 9 6 ’

9 |Net Gird  Mom| K-§t 63.7.1 y (T)+F) -0 | 45 1+ 144 +1b0.3
19| Col. Mom. [K-§t| —0.5 x (8) +0.3 | -3 —"2. ~8o. 2
r %’ — [io)level U ('°)Ltgdlc - 03 ‘ + 0. 7 = +lo

Thterior columans

¥ From Q.6C18)

—
—

l.o

2

Checherboad Lood;w& Lo the Same oo ;LVUZ 7/ww-i+7 /oa\AiMH, )

All columng 0K,

See Teadr. 9.8 Ci10)




DES\ GN EXAMPLE - PART 3 Toble
SUPPORTED BENT-A

9.2
COLUMN CHECK - Checkerboard load wa-fld
Exterior tolumns =1 _
Frow Tadr. 97(2) , All Pley £ 0.%0 M/ HMpe =0, 47
Talr, 97 (8) , wmax. h/r, = 35 by D.AIL~12

Moxinuwm moment, 2.3 k=4t (Tol. 9, o)) , w fese thea
He allowodte mowmerX ( MP X 0. w7 ).

Level U, L
4
2,31 Kl % | 5.14klf
(TITT T
Mp=1114
Mp=134.2
23,2 36.9 | 285 |
Level C |
3..061 ki 3,30 klfT/

33.3

-

Mowent Diograw Lor Checkerboard Load




DESIGN EXAMPLE - PART3 TABLE
WIND RESLSTANT BENT-B 9, zc'

CoOLUMN CHECK , chechevboard Load

. T+ Ut O +¢ Level T, L lLevel C
Line o e peretton Int. Ext, Tt Ext.
' Eull Dead Dead | Fuol
: Fw Kt Talr99(5), F=1.7 | 532 3.2.0
2 Fwa Kl Tokr 43 C2,3), F=I 2,41 3y
3 MJ LRl k-3t Tadr, 424 (2,6) -126 + 145
4 MJ Adead K-§t| 3) __L((Z‘) + 141 —81.3 o
$ |Net Gird. Mowm. | -4t} Eq.17. ,(3)+@® + 21 + 14
6 | Col, Mo, k-$t| — 0.5 % (B) — 10,5 - 5"7
( 7 a(;' — 1 (10) Lavel T + Godlevel C  + 0T > o
o R R
_ Interior columnsg =0 IR *

From Tal. 9.26(7) a2l P[Py <o 90 ) BMW} s-(-rw&ﬂu Al O
Talr. 9.2606) ol h/y, < 25 Fotl Lordinny ) Todr. §.26(2)

Frow Tal. ¢.2¢, Y P/Py o h/"y Jall below the cuwrve i F.‘}. 7.
' ’ Y LTB ok

AL ollowralde MowmenXt , Talr. 3.26(3) 2> 57 k=%t ,Tatr 9. (&)

All Witermor columms Ok  4or checkerboard Load .



DESIGN EXAMPLE - PART 3 Tolble

WIND RESISTANT BENT-B q.29

COLUMN (HECK , Checkerboard Load Cont’d
(

Exterior columans =0 assumed

From Tadr. 9.25¢7)  All P/py £ .70 Bending Strewsth ok
Tadr, 9-25(¢) A h/r{ < 28 ) A 2,

From Tadr. 7.25 , All P/Py amk Ry, dall below e curve i
’ Fig. 7. , €xcept oo columain be low-Javel
4°

Colump bevel 4 3 P/Py = .87, h/r, =to , there H/Hpc=.3l5'
by paA. IL-2a. / .

From 9.24(5), Repld M= 82,4 k-3¢
Frow ?‘ 25(7) ’ Mf:, = 195X 0.4% = ,?3.6""}1. ) d\'%

824 > 734x 0.725 = 17./ K NG for LTB

Tncrease SizeWi2x 45 — Wi2x 58 (Mp=260kst | 24 = 86,5 M%)

Mfc = 260 X0, Y8 = 1246 K=&t (Tatr, 9.25¢7) )

£200 < 126 x 0.825 = Jjoq k$t ok 4. LTB .
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DESIGN EXAMPLE - PART?3 TABLE
SUPPORTED AND WIND RESISTANT BENT - A, B 4 20
GIRDER DEFLECTION , Working Live Load
Satis €q. S __ 5 wei /
' ;f?, g /L'jr 384 ET < 360
; .
For € =29,000 KS$; ) S/L& = 6\({_7XI0-5—MI—L-3- 5 where I=im4'} We=<$t, Lg:j't
) (2) (3) (4) ) §) () &)
RQA- WL L%. e L%S S/L} x)os
SeECTiON Locotion kl& it wmé L¢3 Remar ks
Tol9. 1 |[Taln 8,205 | Hamd book 3 B)¢)
Tolr.q.2(2) “4) 64T x =y
Tl 9.3 04)
Su,ppor"'ed Bent A
Wi4 x 38 | Reos / Ext. .72 26.0 384 Insgo| 212 |< 278
W & x I3 Rook /Tnt. | .72 1.0 39,6 133 159 (<=21¢
. K
wlo x15 | Fleor / Tut, .11 .o b5, 9 133 139 | <218
Wind Resistart Bent B
Wib % 3| Rood [ Ext. NEY 26.0 374 11 580 213 | <278
Wie X IS | Reod [ Twt. .12 .o 68.9 133 90 <28
WAP x 3§ Floor/ ext. .46 | 2600 | . 513 1ns590| 1e1 | <278
wiz x t4 Flaar/Iw't\ 1.1} 1.0 {30 /33 n3 (1'73')
Notes qp L\’%H’es‘t floor 3irder other mewmbers will be OK




DESIGN EXAMPLE - PART 3

SUPPORTED BENT A

G1RDER LATERAL BRACING

TABLE
9.3\

Moment D.‘a.ﬁram.s - dvrawn on 1ensjon side - at mecharism |oad

Tenhutive 4loor Jci.st Sfaain?

Cof. Lo,
A &MP

] ) &l
I N
Ai4ly | kM? [ th'I MP .|.+I4L; l
L La=27’ o427 i La=277 o
| Ll !
Ext. Bay - 3+t occ.

Int. Baa - 2'$"t. 0.¢,

Joists arve ottached tTo Hu top Ha.nge of girders
I W) €2) (3> (4) (5) ) ()
= :
‘Z SecTioN Lg V‘) LQXI’Z/ Max. Bracing, SFACL“Q' Remay feg
L it we r} Center Endg
"R | wgx13 We |, %42 157 138N =32 |63 =53 ok
.2 | wloxig .o . o4 163 »'3sr‘}=3o 63 Vy=75|\ oK
"R | w4 x 38 26.0 L.S4 202 3gy =58 | 63 r‘3=‘iq oK
No additional broeci n? Veg—wi red
Fw ‘l/
ax 63 1,
L} M
araL i P (enter
A3t Stea
\\_ - ASHP !
I _.! |0 L ,
i .0785 L r
.243Lq | .293L4 | 78 ¢ / ¢
te |




Ded1ign) TXAMPLE — PARTS3
WIND RESISTANT BENT B
G1RDER LETERAL BRACING

TABLE
q.32

ouﬁ"osc.ke‘i to the top Slanae o & glrders

Joists ave
Q) @) 4)) 125 (5) 6 “)
L . .
5 SECT‘LOM L‘} y:& _‘;}'_x l')-/ Mom. BY‘A«CVM?_ S‘ao.pm} RLMMH
3 44 e i Cemter Euls
R | wiox15. | e g0t |1 631y = S| oK
2 Wiz % 14 .o . 1o o] b3y =52 ok
3 wl¢ x 22 o INCL [ > b3y 2 61 oK
2 w8 » 38 2b.0 (.23 253 63 = ok
3 | wigx 3s 2b.0 a3 253 b3r, = | ok
No oadd i'hdua.‘ brakc,a'nﬁ VQ?ULIV‘QC{
OJO.L9 l’ o.ws\.}
LA
\ /4~0.§HP M
R *\ . D.%MP
\
o.115L
. o222
2 >~ < Nl ,.‘_'.g:zklp
\__/
Mp ;In i_ 3’
7‘4-0\5&4 ~ Mr
3 \ \——// ] f - °-5HP
| Ly =2¢ 4t | =%
[ | v
ROO F‘oo
b 63 Y & 1 631y r
Iy L) . 2
35 r?__ 3g ra__
A26 Steed A 36 Steel
| - |
283 L9/v, 318 Ly/ n




DESTHGN EXAMPLE — PART 3 TABLES
SUPPORTED BENT A 7. 33
( 1L RDER SHEAR
ad (2 (3) (4 (5) ) (1 )

L ) )]
5 SECT I.DN’ d ‘ w \{u_ l\?] WL Lg_ WAy Rq_wwk,_s
C e v | Keps | K14 4t Keps

Wigx 3p ‘e t/g S/t %1.5 3.13 26.0 4o0.17 or
R wg %13 g Yy 34,6 3.09 .o In.oe oKk
2 WY X38 14 /g /16 2.5 3.09 26.0 do,2 | ok
2 Wilo X 1§ lo Ve 44,9 51 q 1o 29.5 oK

|

‘) V\A. = 0.5S F7W4

.z) Vwmx = __F_ﬂ':'__\:_%—
‘ 2




DESIGN EXAMDPLE - PART 3 TABLE
WIND RES\STANT BENT B
GIRDER SHEAR 124
" Erterior Girders (Lg= 24.05%)
L V.Y 2) ) )
5 SECTION d W * (p\._{_\‘n) (F\i\.a) V"‘"‘" Remarks
E L m Kips Kips kips kips
R | wiex3t |15 7% Yol 18.7 | 4o 1.3 | 4o oK
wigx wo | 17 Mg | Shy | iy 414 | 380 | 4.4 | ok
12 | w2gxet | 23 Y| The 205 ¢1.4 | 53.6 | S36 ok
20 | w27 x 94| 264 | 7/ 231 ¢l.a | 62.\ 69. | ok -
D \/u = 0.55 F]’ wd _
2) Wuo= 1.8¢x 1.7 =302 k/¢ (Root)
: } From Tol. 4.90)(S)
We= 1.82 x .7 = 3.9 " (Flooy)
3 [Tab 404 0) + Tk, 41400 3 /L 4310 (Reed)

[Teb 904 Q) + Tab, 416 ) 3 /La + 316 (Flooy)
)
4) vy::g.x = max ( vz), v“ )

In‘(’wﬁr Givrdevrs (L3= .o $t)

) ) )
le- ' | w Vu. VE) Vb Vmax
E SCCTloN . . (F:Ln) (F=13) Remorks
L wn A Kips kips | Ikvps | kups
R W 10X 1\§ 10 Vg 44.5 Mo 14, S 1o oK
¢ | wiexae [ 3% | Yy 63.7 | 292 | 369 169 | ok
iz | warxgs | 20 Yy | g 1S 292 | 1.3 7.3 ok
2o Wy x 84 24 '/3 '/z 239 24.» 105.% 10S5.% oK

5 WL = W82 % 1T = 3.09 k/4 (Reoy) 1
Erom Tolr. 4.9 (1) (S)
We = 313 x 11 = 5:32 K[{ (Flooy)
6) [ Tol. 2:14¢S) + Tk, q‘w(ﬁ)]/l_}+ 13.0 (Roed)
[Tt Q04 (5) + Tk 904 (6 D /iy 223 (Floor)

)
) Vw:x = Max (\/g), V“)



DESIGN EXAMPLE SABLE
TYPICAL CONNECTIONS
GIRDER TO COLUMN - W|ND RESISTANT BENT B q.35

INTERIOR CONNECTION OF LEVEL |2

o, Moment resistourk towmeution

b, Rssume  Mp of aivder doveloped by flamge plates amd
Loctoned. shear Ccasvied by wel plate .

c. Flavar plates Sor gieking ove shop-welded ani
one sheor ki G shop-bolted 4o columme. Othar shosr

o»»—%_l- v boltad. witle 3/4—’? oo bolts +-g-r SLVLY’FL“'&'

4. Bolty LQML»?-";7'FJ— tonnectinme e ward |
Ultimate sigle shean stremgtl of 7/8" A325-X bolts 1S
Wl x 22 %X 0.6013 = 22.5 Kip/ polt |

-Hole —-\Q/H:4>
‘e. Yild s+vwwa,1-L of ateteld — ARG

F'} = b Kl — TLlwsiunw Ourdh wwpru:m

Fp = 17 %125 x36 = 22.7 KPs — Beawiug

17 = Fy/f_s- = 20.8 kst — Sheor A . .
.S‘ Detervn e -S—la,wy;, chg ondl bolts ‘rvrf ?C/\.duz/v‘.

W24 x6) Mp = 422 K-4t
R, 422 %12 ' .
C_ - = MP = — <
T d& 22 s 213 Keps

Ploate size — assuswe T wndth
t (7— 2x'5/1(,))<36 = 23
+ = 115" Use /éﬂ

NO\ o bﬁ""s = 213 — - - 7 v ..
5 WS 9.5 Use 1o-Tp" A325-¥

Bﬁaw‘bma oW }(ow.a;, plaxo. .
/10x /. 13§ x 0.875 x §2.7 = 8§17 > 213 kips 2K

W24 x5S My =384 k-5t

C=T=-Me _38¢x12 _ T
d} 3.5 146 kips
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DESIGN EXAMPLE TABLE
TYPICAL CONNECTIONS q.25
GIRDER TO COLUMN - WIND RESISTANT BENT B cont'A

-

Plate Size , Use 7" x I-é-”

/
No. o bolts —_14% _ 2.7 - Use 10-7/8, As-X
. 22.5
g - Deternane welr townnectiomna
| Wodxbl Vo= 53.6 Klps
No. «f bolts = _3226  _ | q Use 2-T" Asrex
2 X 225

BENV;M-a. on %Ln—d}m- wedr.
2% 0.437 X 0.875x £2.7 = 63,

Beanivy ow aMy&,o . Assumae 2L5-4x3Vax Vg x 0’7’
b % 0.25 x 0,875 x?z\7 = 2.2 > $3. 4 ok

 Sheor ow ow?Lu-

> 53.6 ok

2% 025X 7.0 x 20f = T30 > §3.46 ol
W24% 55 V =113 Kips

2x22.5
Beouvb-»»a, own %CV‘LW
63.1 < 71.3 NG Use

Becm,i,w3 on Ma&u , Assumt 2L°- 4x 3V x /4 x 0" 10”7
bx 025 x 0.87C x§2.7 = jog > T3 ol

SL-LW o wn am?/(u’ ‘
oK

2% 0.25 % (0.0 X209 = leyg > T/3

3- 7/5” A 325-X

ot w2dxe/ «Ha,vy, pleLa

e Checle colummn welr orvrplwa
E$.(8.1), 075 x (o6l + &% [, 937 ) x36 vs. Txo57/ x36
279 D> 142 ol

Eg. (&.4) , L 28 D O-trJ T7.0x 916 = 0.792 ok



DEsigN EXAMPLE
TYPICAL CONNECTIONS

&G\RDER TO CoLLMN - WIND RESISTANT BEVT B

“TABLE
q.25
Cont/ A

No  stiffener mb/oL
Checks  columen wel  for  shear ctress
€s. (3.9), Ta
VL =

v .

2x 238 x 12
(28" —24")

13.3715 % 0.75 X 200 ys 2i3+ £6— 68

L.
=

+of

- No stif{ener rea,’o(,
® @ &

422 K-S

150 K- $¢ /) l/S;‘ k-f%
r
Al

53.6K

212

354 K-4t

Leve 12

r71.3K

e St

Level 12

-1 xT%18 A
3 .. ‘3"‘3'/'

213 Kips / T3=I95/23,5 = £6.0
= ¢5.0 kips (Twb 923¢4))

A3o

'''''
11111

WI12x(33
A3e

4%

215-4x 3k x '/4. %010’

~
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