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ABSTRACT OF THESIS

LATERAL BRACING SYSTEMS IN HIGH RISE STEEL FRAMES

This thesis describes a study of lateral bracing systems in
moderately sized steel frames. The objective of the study is to investi-
gate the performance and economy of nine different braciﬁg systems in a
specified plane frame. An automated design program, which is described
in two appendices, is used to size the members in the frames. The
results show the relative economy and performance of the various
bracing systems. Results concerning stiffening of frames to reduce wind
drift, portal and cantilever approximate analysis methods and bracing

performance during gravity loading are also presented and discussed.
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Chapter 1

INTRODUCTION

Choosing an efficient and acceptable lateral bracing system is
necessary in the design of nearly all frames. Lateral loads arising
from wind or seismic action must be transmitted to the building's
foundation by the structural system. A large number of possible systems
exist, but questions about their relative economies have proved diffi-
cult to answer. The "best" system will be determined by a number of
factors, including labor and material costs, architectural considerations
and the structure's location.

The objective of this investigation is to study the performance and
relative efficiencies of several types of lateral bracing systems with
the aid of a computer program for automated design. Each of nine dif-
ferent lateral bracing systems were placed in a frame and a standard
steel section listed in the AISC Steel Construction Manual (2) was se-
lected by the design program for each member in the frame. Studies of
each syéfem and comparisons of the systems are discussed in detail. The
final design weight of each frame provides some measure of its relative
economy. The techniques used to stiffen a frame to reduce wind drift are

also explained and observed results are organized into general trends.

1.1 Literature Review

Studies of the performance and relative economies of lateral
bracing systems conducted with the aid of an automated design program
have received little attention in the technical literature. Although
alternate structural systems are often compared by designers in the

preliminary phases of buildihg design, and computer-aided analysis and



design tools are becoming increasingly available, this researcher could
find no reports in the technical literature which dealt directly with
the subject of this thesis. There is, however, some literature avail-
able on either the performance of lateral bracing systems or on auto-
mated design programs.

Condit (7) has provided an excellent article covering the histori-
cal aspect of wind bracing. He begins with a description of a medieval
carpenter's knee braced timber frame. Then he traces the development
of lateral bracing in cast iron and steel structures by the mid-
nineteenth century French engineers, including Gustave Eiffel, designer
of the Eiffel Tower. Finally, Condit looks at the lateral bracing
system used in the Chase Manhattan Building, which was completed in
1961.

The optimization of overall structural steel building systems is
discussed by Iyengar (14). A presentation of the basic types of build-
ing systems and their economical height ranges is shown. A brief,
general technique for selecting an optimum structural system from
several alternative systems is also explained. Brief discussions re-
lating computer programs, shear lag, floor framing, and foundations to
overall structural efficiency can also be found in this article.

Articles relating to the performance of specific types of lateral
bracing proved to be scarce. Gaylord and Gaylord (10) and Merritt
(17) have discussions about bracing types and general bracing theory.

A general description of various framing systems and their performance
is discussed by Scalzi (20). Taranath (22) has investigated a technique

for finding the optimum placement for single or double outrigger trusses



in a braced frame. Khan (16) discusses the present and future of tall
buildings, relating structural systems to overall urban environment.

Several very good automated design computer codes are available.
Generally, these codes perform tasks similar to program DESIGN1l, the
automated design program used in this thesis. However, the different
codes tend to vary in their solution methods.

AUTOTIER, a program described by Agaskar (1), utilizes methods
which are very similar to DESIGN1. AUTOTIER requires an initial input
of design geometry, loadings, and other parameters. The program runs
without interfacing with the design engineer, automatically making
design decisions and arriving at a final set of fully stressed steel
members. AUTOTIER differs from DESIGN1 in three significant ways:
it considers finite joint sizes, it can work in all three dimensions,
and it can consider five loading cases internally during the design.
DESIGN1 must work in two dimensions and must interface with the
programmer for each loading case.

STRUDL-II (STRUctural Design Language) (11), a component of the
ICES (Integrated Civil Engineering System) project, has a steel design
option. Using a computer language developed for structural problems,
the user specifies the type of structural system, and its geometry,
loading and initial member trial sizes. STRUDL then analyzes and checks
the appropriate AISC code equations for the initial trial member sizes.
The designer must then interface with the computer, indicating which
members are to be redesigned by the program. After the redesign, the
user orders a reanalysis and then another design check. This continues

until a final set of adequate members is found. Many other options



exist with STRUDL (12), including reinforced concrete design, nonlinear
analysis, linear buckling analysis and dynamic analysis.

Another program with steel design capabilities is STAND (STructural
ANalysis and Design) which was developed by S. L. Chu (6) at Sargent
and Lundy Engineers. STAND is very similar to STRUDL in its use of a
design language and its interfacing with the design engineer. STAND
has considerably less capacity for analysis than STRUDL, but it has more
design capabilities in rolled beam and column selection, composite beam
design, plate girder design, and column base plate design.

Other automatic design programs similar to AUTOTIER, STRUDL-II and
STAND exist. Smith and Wilson (21) present a computer technique for the
automatic design of shell structures. Efforts are being made to combine
optimization routines into automatic design programs. Kavlie and Moe
(15) have developed an automated design optimization routine for grill-
ages and frames. Their discussion briefly covers most of the major
nonlinear programming techniques currently used, and places particular
emphasis on the sequential unconstrained minimization technique (SUMT)._
Gallagher and Zienkiewicz (9) present the major techniques of structural

optimization in greater detail.



Chapter 2

THE FRAME AND THE LATERAL BRACING SYSTEMS

Many types of lateral bracing systems can be used to resist the
lateral loads imposed on a structure. The more conventional systems
for moderately high structures (10 to 40 stories) can be placed into
three broad classes: 1rigid frames, vertical trusses and combinations
of the frames and trusses. In addition, framed tubular systems are
becoming more common. Rigid frames rely on the member flexural
stiffnesses and the rigidity of the connections in the structure to
carry lateral loads. Vertical trusses use the stiffness of a canti-
levered truss to resist the lateral loads. Combination systems place
vertical trusses within a rigid frame.

To étudy the relative efficiencies of several lateral bracing
systems, a plane frame of given size and loading was designed using
nine different systems. These bracing systems include one rigid frame,

two vertical trusses and six combination systems.

2.1 Rigid Frames

In the rigid frame, all joints are assumed to be fully moment
resistant (AISC Type I) (2). This causes the beams and columns to act
together to resist lateral loads through their flexural stiffnesses.
Fig. 2.1 shows a rigid frame subjected to lateral loads. The frame
deforms in a sidesway mode, with the flexural deformations in the beams
and columns causing the typical deflected shape shown. The horizontal
forces are resisted by the column shears and the corresponding over-
turning moment is resisted by the column axial load couple and the

column bending moments.



Several advantages can result from the use of a rigid frame. The
spans are simple and unobstructed, allowing maximum architectural flexi-
bility. The member end fixity resulting from the rigid connections can
also result in reduced beam sizes if the lateral loads do not cause
significant moments. However, the sidesway motion of the frame can
result in the buckling behavior of the columns being considerably more
critical (i.e. K > 1.0) than that corresponding to the basic pinned
end condition. This increase in effective length is demonstrated in
Fig. 2.1. The result of the larger effective length factors is usually
heavier column sections in comparison to a braced frame design, for
which K < 1.0. In addition, lateral loads cause significant moments in
the lower beams and columns of a multistory rigid frame which necessi-
tates the use of larger, heavier sections in this area. This can occur
in rigid frames as small as five stories high.

Lateral deflections arising from the S shapes taken by the columns
are also seen in Fig. 2.4a. The drift is influenced by both the beam
and column stiffnesses. Relative story to story drift deflections tend
to be somewhat greater in the lower part of a rigid frame where the story
shear is a maximum and tend to decrease in the upper stories where the
story shear decreases. The larger member stiffnesses at the lower floors

act to minimize these differences in deflection.

2.2 Vertical Trusses

All connections in the vertical truss are assumed to carry no
moment (AISC Type II). Diagonal bracing members are required at each
floor to insure the stability of the structure (Fig. 2.2). Lateral
loads are carried by the vertical truss to the foundations. The

vertical truss is formed by the beams, columns and bracing which are in



Fig. 2.1 Small rigid frame rcsisting lateral loads.
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Fig. 2.2 An unstable (a) and a stable (b) vertical truss.



the braced bays of the structure. Lateral loads on unbraced bays must
be carried to braced bays by rigid floor diaphragms.

Pinned connections create an effective length of one in every
member of the vertical truss. This smaller effective length factor
helps reduce the amount of column steel from that needed in the rigid
frame. However, the beams do not enjoy the benefit of end restraint
which exists with rigid end connections and must support the entire
simple beam moment. Pinned connections have some economic advantages
because of their simplicity and the resulting ease of joining members
in the field.

The bracing members necessary in the vertical truss can cause
significant architectural problems. The presence of bracing diagonals
limits the size and shape of openings in the bay and may be considered
aesthetically objectionable. This effect can be minimized by placing
the bracing in utility shafts or in service areas, or by choosing a
less restrictive bracing configuration. Two types of internal bracing
systems were investigated, X and K. Each type has one or more
variations.

X bracing (Fig. 2.3a) carries the lateral load through both diag-
onals, one acting in tension and the other in compression. Often there
is no effective connection where the two members of the X bracing cross,
which can-result in very high bracing member slenderness ratios and
thus severely limit the allowable stress in the compression diagonals.
Since equal sizes in both diagonals are usually required for symmetry,
the tension member is often grossly under-stressed. A variation of X
bracing, called counters (Fig. 2.3b), allows the tension member to

control the bracing size. It is assumed that the compression diagonal

¢



buckles and that the entire lateral load is carried through the beam to
the tension diagonal. Becausec tension governs the design, it is not
necessary to use structural shapes for the diagonals. Rods, angles and
tees are often used in a counter system.

The behavior of K bracing (Fig. 2.3c) is similar to X bracing, but
the reduced lengths of the bracing members cause an increase in their
stiffnesses and allowable stresses. Note that the K bracing permits
a larger opening through the bay than is possible with X bracing. If
still larger openings are required, the K bracing may be split (Fig.
2.3d). With this arrangement, additional moments are introduced into
the horizontal members of the truss. Knee bracing (Fig. 2.3e¢) provides
the largest opening, but at the cost of causing sizable moments in the
columns because of the horizontal force component where the bracing
connects to the column.

Drift deflections in the vertical trusses are primarily due to the
axial deformations of the columns caused by the wind component of the
combined wind and gravity loads. The behavior of the vertical truss
is similar to a large cantilever beam, with the windward columns
forming the tension flange and the leceward columns acting as the

compression flange (Fig. 2.4b).

2.3 Combination Rigid Frame and Vertical Truss

In the combination frames, pinned bracing is placed within a
rigid frame. Lateral loads are carried by the combined action of the
rigid frame and the vertical truss. Reduced beam sizes are possible,
both because the bracing carries most of the lateral load and thus
reduces the wind-caused moments in the frame, and because the rigid

connections and resulting end moments allow the beams to be proportioned
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Fig. 2.3 Some various forms of lateral bracing.

(a) (b) (c)
Fig. 2.4 Deflected shapes for a rigid frame (a), a vertical truss (b)
and a combination (c).
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for less than the simple beam moments. However, the use of rigid
connections will increase the connection costs. If the bracing con-
tributes a sizable proportion of the lateral stiffness, the columns can
be designed assuming sidesway is prevented in the plane of the frame.
If the allowable axial load is controlled by the slenderness ratio in
the plane of the frame, increased allowable axial stresses can result.
The in-plane effective length factors were assumed to be less than one
for all columns in the combination frames.

Drift deflections are also reduced in the combination frames. The
deflected shapes of the rigid frame and the vertical truss combine |
to form the S shape shown in Fig. 2.4c. The vertical truss supports
the rigid frame near the base of the building, while the rigid frame

tends to pull back the deflected tip of the vertical truss.

2.4 Other Systems

Several other major systems are available for carrying lateral
loads. They include semi-rigid frames (AISC Type III connections),
tubular configurations, and the inclusion of reinforced concrete shear
walls. These systems were not studied for various reasons, most of
which were associated with the limitations of the design program used
and the scope of the investigation.

The Type III connections of a scmi-rigid frame have enough
rigidity to develop some member end moment, but not as much as a rigid
connection can develop (4). These semi-rigid connections can be
combined with bracing to produce an economical and reasonable design
for some frames. However, limitations of the analysis portion of the
design program prevented the consideration of these connections. The

analysis routine utilizes a stiffness approach, and connections which

11



are not either pinned or fixed cannot be handled by the program without
extensive modification. It was also felt that this type of framing is
not suitable for the particular frame and lateral loading considered in
the design.

Tubular structures have closely spaced columns in the external
walls of the structure connected by deep and very stiff spandrel beams.
This causes the entire building to behave as a cantilevered tube, thus
utilizing the steel framing very efficiently and providing high struc-
tural stiffness (14). Connecting beams between the columns are propor-
tioned with sufficient stiffness to transfer enough flexural shear
between the columns of the tube (which is pierced by window openings)
to keep shear lag effects to an acceptable level.

Shear lag effects result when a shear deformation takes
place between the fibers of a beam (i.e. the columns of a tubular
structure). This causes the normal assumptions of flexural and axial
behavior, namely that a concentric axial load causes equal strains
in all member fibers and that strains caused by moments vary linearly
with the distance from the neutral axis, to become inexact. The
behavior of the tube resembles that of a beam possessing two properties,
a low shear stiffness in the web and an effective width in the flanges
which is less than the actual width. Shear lag effécts in the tube
increase as the connecting spandrel beams are 1e§s able to prevent
displacement and rotation of the member ends. Because the spandrel beam
is usually short and deep to minimize its deformations (sometimes with
span to depth ratios of less than one), shear deformations as well as

flexural deformations must be considered in analysis.
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Variations of the basic tubular system include bundled tube and
tube in a tube structures. The bundled tube configuration, for which
the 1454 foot Sears Tower is the most notable example, uses the internal
framing system like beam webs to help to reduce shear lag effects. The
tube in a tube system, used mainly in tall reinforced concrete struc-
tures, includes the design of both the utility core and the outer
columns for tubular action. A tubular system would probably provide
a workable structure for the structure considered in this study.

The consideration of all three dimensions is important in a tubular
structure, and extensive modification of the design program would be
required to accommodate the third dimension. A three-dimensional system
can be modeled in a two-dimensional analysis program (13), but shear
lag effects can be accurately included only if shear deformations of
the individual members are considered, a capability not currently
included in program DESIGNl. A tubular structure would also raise
additional problems with the design program because of the increased
number of joints and members and the orientation of corner columns.

The use of shear walls is another possible method of bracing
moderately sized buildings. Basically, a concrete shear wall is assumed
to resist all or a portion of the lateral loads, while the steel frame
carries any gravity loads the shear wall does not. Shear walls are
usually placed around the service areas of thg structure. Methods
exist for the computer modeling of shear wall and steel frame inter-
action (18). However, the design of shear walls is well beyond the
scope of the design program and thus these types of structures ére

not considered in this paper.
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2.5 The Basic Frame

To compare the relative efficiencies of the rigid frame, vertical
truss and combination bracing systems, a basic frame was first chosen.‘
The selected geometry is shown in Fig. 2.5. This frame represents an
interior bent of a building with a plan length large relative to the
width. Wind forces are assumed to be resisted by several bents
extending across the narrow dimension of the building rather than by
lateral load resisting elements placed at the ends of the structure and
connected to the interior bents by adequate floor diaphragms. The
dimensions sclected reflect compromises between various limitations.
A height tall enough to produce a significant wind load was desired, but
design time and computer costs favored as small a structure as possible.
The height of twenty stores at twelve feet each (except for the fourteen
foot first floor) provided a reasonable compromise between these limita-
tions. The effect of the lateral loading was increased as a result of
two other assumptions: a relatively small bay width (25 feet) and a
location in a high wind area; e.g., Miami, Florida. The threec evenly
spaced bays provided two desirable properties: symmetry about the cen-
terline of the frame (bracing was always placed in the center bay) and
a configuration which was easily adaptable to all the proposed bracing
systems. The interior and exterior spans were selected to be of equal
length, although for many buildings architectural requirements would
result in shorter interior spans. The frame was assumed to have an
effective width of twenty feet. Alternatively, the frame may be thought
to represent the conditions in a building placed in a lower wind area
and with the frame resisting the lateral forces from more than one

bay width.
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2.6 The Design Frames

The various frame configurations used are illustrated in Fig. 2.6.
The rigid frame is shown in Fig. 2.6a. X bracing of the center bay was
used in three frames, as a vertical truss in a pinned frame (Fig. 2.6b),
in a rigid frame (Fig. 2.6c), and for a counter system in a rigid frame
(Fig. 2.6d). K bracing was used in a vertical truss (Fig. 2.6¢) and
in a combination rigid frame-vertical truss system (Fig. 2.6f). These
systems have been discussed in sections 2.1, 2.2, and 2.3.

After these six frames had been designed, three variations of the
combined systems were tried, two designs with outrigger trusses and a
design using multistory X bracing (also called inclined columns). All
three systems were used in combination with a rigid frame.

The outrigger trusses consisted of extcndiﬁg the bracing into the
external bays on the 20th floor (Fig. 2.6g) and on the 10th and 20th
floors (Fig. 2.6h). The purpose of these trusses is to further engage
the outer columns as a part of the vertical truss and thus to increase
the stiffness of the frame. K bracing was chosen for the internal bay
because it proved stiffer than the X bracing in the original six frames.
The trusses in the outer bays were chosen to be of an X configuration to
avoid introducing additional joints at the beam midspan in some outer
bay locations.

The multistory X system (Fig. 2.6i) was chosen as another method
of engaging the entire structure to resist the lateral loads. The first
floor is braced by a simple X system in the center bay. The next
eighteen floors are braced by three large X braces, each extending six
stories high and covering the width of the building. The top floor

is an unbraced rigid frame. Each bracing member in the multistory X

16
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Fig. 2.6 The design frames.
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system is assumed to be pin ended and to have no joint where it crosses
a beam. However, they are assumed to be laterally braced at the level

of each floor.
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Chapter 3

DESIGN OF THE FRAMES

The design of the frames shown in Fig. 2.6 was accomplished by
extensive use of program DESIGN1, which is described in Appendix A.
Throughout the designs many assumptions had to be made. These assump-

tions were applied consistently to all nine frames.

3.1 Assumptions

Two types of assumptions were necessary. The first type occurred
within the design program. These include such items as the idealized
moment-rotation relationship for AISC Type I and Type II connections
and assumptions about some of the design variables. These assumptions
are listed and discussed in Appendix A.

The second type of assumptions concern loadings, deflections and
other external limitations. Live load reductions, allowable in most
building codes, were not made. Although it would have been possible to
use the reductions, provisions for live load reductions vary between
the major building codes and the same provisions are often interpreted
in different ways. For simplicity and to be consistent for all frame
configurations, live load reductions were not made for any of the frames.
Limitations were placed upon both the vertical deflections of the beams
and on the wind drift of the structure. Beam deflections were not permit-
ted to exceed more than the span divided by 360. The frame was stiffened
if the wind drift exceeded the height divided by 500 under the design
wind loads. Individual story to story drift limitations were not con-
sidered directly. These deflection limitation Qalues were chosen because

they are typical for the type of frame considered in this study. A
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nominal depth limitation was placed on the beams and columns. Beam
depth could not exceed 30 inches, except on the first floor. Columns
were held to a nominal depth of 14 inches or less. The yield point of

the structural steel was always assumed to be 36 kips per square inch.

3.2 Loading

Typical design loadings were selected. A dead plus live gravity
load of 80 pounds per square foot of floor area was assumed, producing
a 0.13333 kips per inch uniform loading on all beams. Member weights
were included automatically by the design program. Wind loads were taken
from the specifications for Miami, Florida (3). The wind loading is
shown in Fig. 3.1. All loadings werc reduced by one-fourth for design

using combined wind and gravity loads.

3.3 Description of Design

The design of a frame by program DESIGN1 is done in three steps;
wind, gravity and drift. A flow chart of these steps is given in
Fig. 3.2. This flow chart is general, and was not always followed
exactly. The wind loading controlled most of the member sizes in every
design. Because of the unsymmetrical nature of the wind loading, many
equivalences (see Appendix A.2.2, set 5b) had to be declared. The
availability of the equivalence statement allows the program user to
recognize symmetry between two members by forcing the size of the less
critically loaded member to be equal to the more critically loaded
member. Gravity controlled a few member sizes in the upper stories of
most frames, and about one-third of the member sizes in the vertical
trusses. Generally, just a check (not a completg design) of the gravity
design was more efficient for most of the frames. If a member was

overstressed, it was adjusted and checked again. The need to increase
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the stiffness of members to reduce drift controlled a number of the
member sizes in some frames. The techniques used to stiffen the frames
are described later.

The computer used to run the design program was the CDC 6400
available at Colorado State University. The program required a field

length of 1100008 to compile and load and a field length of 71500, during

8
execution. Execution run times for the initial frece iteration on the
wind loading case varied between 65 and 110 seconds, depending upon the
number of members and the number of equivalences declaréd. Commercial
rate costs at CSU are about $15.00 per 100 seconds for the field length
specified above. Runs to check the adequacy of members for the gravity
loading and to check drift deflections averaged about 15 seconds (exe-
cution) at the same field length. Compilation time for program DESIGN1

was about 28 seconds using FTN(OPT=2), the optimizing mode of the

compiler.

3.4 Comparison of Designs

To compare the results for the nine frames, a measure of their
relative efficiencies must be adopted. Cost is certainly the measure
with the widest practical importance. Unfortunately, cost is dependent
upon many factors which are variable in nature and can be very difficult
to quantify, such as connection type and complexity and costs of labor,
materials. and construction time. Structural steel weight is used as
the measure of merit because it is easily quantified. Weight accurately
measures only the relative efficiency of the structural steel in the

frame. Costs will have to be discussed intuitively.
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The degree to which each design frame approaches its optimum
design can affect the evaluation of the relative efficiencies of the
various frames. Each frame has an optimum set of members, all of which
are adequate under all loading conditions, which form the lightest
structure. The design program does not have the sophisticated optimiza-
tion routines which would be required to find the optimum design.
Instead, it simply designs a structure in which each member is fully
stressed under one of the loading conditions. These fully stressed
designs do not guarantee the optimum design has been reached. However,
the difference between the best fully stressed design and the optimum
design is often quite small for most well behaved problems (9). It is
possible for one frame to be closer to its optimum than is another.
This certainly introduces some inaccuracies, but if the frame weights
differ significantly, this inaccuracy will not affect the conclusions

appreciably.
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Chapter 4

RESULTS AND DISCUSSION

Nine frames were designed using the design program described in
Appendix A, with the loading, gecometry and limitations specified in
Chapters 2 and 3. This section presents the results of these frame
designs and discusses the behavior of each system, some comparisons
between systems, the performance of the bracing during gravity loadings,
and methods of stiffening the frames to reduce wind drift.

Table 4.1 shows the results of the frame designs. Two scts of
results are shown for each frame, the initial wind plus gravity design
(with a 1/4 loading reduction) and the final design. The wind drift
deflection and the frame weight is first given for the initial wind
design, in which gravity load (no wind) stresses and deflection limita-
tions were ignored. The final designs satisfy all the requirements for
stresses and deflections for both loading conditions.

A gravity-only design of the basic frame was done to provide some
idea of the wind premium (i.e. the additional material required to
satisfy lateral loading stresses) required by the various design frames.
For the gravity frame the following assumptions were made: no wind
loading, a no sidesway mode of failure (K < 1.0), rigid connections
and zero weight bracing members. The weight of the gravity frame is
used as the basis for the Relative Weight column of Table 4.1. It
should be noted that this column does not reflect the relative weights
of the structural steel for the entire building with and without the
effect on lateral loadings. The final design weight contains only the

weight of the structural steel in the frame itself, and does not include
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Table 4.1 Summary of Design Frame Results

Initial Design to
satisfy 3/4 (¥+G)

Stresses Addieion- Final Design

Frane Drift Weight | al steel Drift Weight Relative

Description Type | Bracing | inches | &/h tons tons inches 4/h tons Weight
Rigid - 12,7 229 | 108.7 118.8 5.78 503 227.5 378

Rigid Frame Frame

Vertical Vert.

truss x Truss X 11.5 252 | 103.4 67.3 5.72 509 170.8 284

Vertical Vert.

truss K Truss K 11.9 244 85.5 72.0 5.91 493 157.5 262
Braced| X

Counters R.F. [Count. 9.37 | 310 95.2 60.7 5.84 498 155.8 260
Braced

X Bracing R.F, X 7.33 | 396 | 103.0 40.0 5.74 507 143.0 238
Braced

Bracing R.F. K 7.31 | 388 87.4 20.5 5.89 494 107.8 179

Cutrigger Braced| X &

Floor 20 R.F. K 6.75 | 431 82.8 14.8 5.80 502 99.5 166

Putrigger Braced| X &

Floor 10 § 20 | R.F. K 6.43 | 452 84.3 10.2 5.76 505 94.5 157
Braced

Multistory X R.F. X 3.12 | 932 70.6 8.7 3.12 932 79.3 132

Gravity Braced

Frame R.F. - Gravity only design, no wind loading, no bracing 60.0 100

weight.




the weight of out-of-plane girders, spandrels and joists. The addition
of these out-of-plane weights to both the final designs and the gravity
only design would increase all frame weights, but would probably decrease

the frame weights relative to the gravity frame weight.

4.1 Rigid Frame

The final design for the rigid frame was controlled by the drift
limitation, which was chosen as height/500. Most beam and column
sections had to be chosen from the highest architecturally allowable
nominal depths to provide the flexural stiffness necessary to supply
adequate resistance to the wind loading. Fig. C.1 (in Appendix C)
shows the final member sizes for the rigid frame. Typically, members
were only stressed to about 50 percent of their allowable stresses in
either the wind (3/4(D + L + W)) or the gravity (D + L) loading cases,
thus resulting in a very heavy frame with a total weight of 227 tons.

The wind loading caused two types of actions which had to be
carried by the frame, a shear and an overturning moment. The wind
shear was carried as column shears in the rigid frame. The overturning
moment was resisted by a combination of column moments and column
axial loads (Fig. 4.1). The contribution of the column moments to this
resistance varies with the height of the structure. At the 16th story,
column moments resisted 18 percent of the overturning moment, but this
figure had dropped to only 5 percent at the 2nd story. Below the 16th
story these moments became quite significant in column design, typically
causing the flexural term in the interaction equation to be about equal
to the axial term.

The column axial loads provided most of the resistance to the

overturning wind moment. Representative column axial loads are shown
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in Fig. 4.2. The transfer of axial loads from the windward columns to
the leeward columns is accomplished by the flexural action of the beams
(Fig. 4.3). This allows the axial loads of the leeward columns to
increase, while the axial loads in the windward columns decrease. This
creates a couple which resists the overturning wind moment. Three
separate analyses were performed for a wind loading on the rigid frame
to test the accuracy of the portal and the cantilever approximate
analysis methods (17). A stiffness analysis similar to the analysis
routine used in the design program was used to determine the '"exact"
solution. Member properties for the stiffness analysis were taken from
the final design members of the rigid frame. The assumption of in-
flection points at the midpoints of beams and columns was made for

the approximate methods. For the portal method, the four column shears
were assumed to be distributed as 1/6, 1/3, 1/3 and 1/6 of the total
lateral load for the floor. Equal column areas were assumed for the
cantilever method.

The results of the analyses are shown in Table 4.2. Although the
assumptions made for the approximate methods were crude, the cantilever
and portal methods both produced results which were rcasonably close to
the stiffness solution. The application of these two approximate
methods for a quick preliminary analysis appears to be reasonable for

a frame with similar geometry.

4.2 Vertical Trusses

The two vertical trusses were designed next. The critical loading
case for a member was either wind stress, gravity stress, or drift
deflection, depending upon the member's position in the truss (Fig. 4.4).

The X and K bracing performed in a very similar manner. However, the
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loading on the rigid frame.

Table 4.2 A comparison of the portal, cantilever and stiffness analysis methods for a wind (W only)

Columns
Moment Shear Axial
Story,

Bay P C S P C S p C S
12 1 2754 2863 2620 38.3 39.7 36.6 0.0 23.6 24.1
12 E 1377 1280 1490 19.1 17.8 20.8 78.5 70.7 70.3

8 1 4051 4138 3870 56.0 57 .4 53.8 0 50.7 33.8

8 E 2025 1835 2140 28.1 26.4 29.9 169.0 152.0 158.0

4 1 5112 5202 4810 70.5 72.0 66.9 0 87.0 30.6

4 E 2556 2285 2730 35.0 31.7 38.0 290.0 261.0 280.0
Beams

Moment Shear
Sﬁfry, P = Portal Method
o P o S P C S .
C = Cantilever Method
12 1 2592 3030 2900 17..3 20.2 19.3 )
. S = Stiffness Method
12_E 2592 2340 27680* 17.3 15.6 16.2
E = Exterior Bay
8 1 3872 4635 4040 25.8 30.9 26.9 .
I = Interior Bay

8 E 3872 3480 4080* 25.8 23 .2 25.3

41 4903 5894 4750 32.7 393 31.7 All units are kips and

inches.

4 E 4425 5300* 32.7 29.5 33.3

4903

* Maximum end moment for beam.
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longer lengths of the X bracing had two adverse effects. First, a lower
allowable axial stress resulted and the axial stiffness (AE/L) was de-
creased. Second, the bracing in the upper five stories of the X braced
vertical truss (Fig. C.2 in Appendix C) was controlled by the slender-
ness ratio limitation of 200 for compression members. These two factors
combined to produce the difference in final weights between the X braced
and the K braced vertical trusses.

The vertical truss carried the lateral loads entirely by the action
of the vertical truss formed by the bracing, beam and column members in
the center bay. The wind shear was carried by the diagonal bracing
members and the floor members contained within the truss. The computed
axial stress in these interior beams was typically about 60 percent of
the allowable axial stress at the bottom of the truss and decreased to
about 35 percent of the allowable axial stress at the top of the truss.
The overturning wind moment was resisted primarily by the couple formed
by the axial loads in the two interior columns (see Fig. 4.5 and 4.6).
This couple accounts for 97.6 percent of the resisting moment at the
second floor in the K braced truss. The remaining 2.4 percent is
supplied by the couple formed by the vertical force components of the
bracing axial loadings. The numbers are similar for the X-braced

vertical truss.

4.3 The X and K Combinations

- The next three design frames were combinations of the rigid frame
and the X or K bracing. Two of the frames used X bracing, one with the
bracing acting in tension only (counters) and one with the bracing
acting in both compression and tension. One K braced rigid.frame was

designed. All three frames were braced only in the center bay. Member
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vertical truss, 3/4 (W+G) loading.
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sizes were determined by stresses and by needed stiffness to meet drift
limitations. However, drift deflections were not as critical as those
in the rigid frame and vertical trusses.

Wind loading stresses tended to govern the external column sizes
in all three frames. These larger stresses resulted primarily from the
transfer of the interior column axial loads to the exterior columns by
the rigid frame beam mechanism already mentioned (Fig. 4.3). Column
moments did increase column sizes somewhat, but this effect was greatly
reduced over that of the rigid frame. The contribution of the flexural
term of the interaction equation increased in moving up the frame. The
flexural term values varied from 0.03 to 0.25 (going from bottom to top)
in the interior columns and from 0.10 to 0.50 in the exterior columns.

The beam sizes in the counter X and X design frames were largely
determined by the need to stiffen the frames to reduce drift deflections.
Stiffening of frames to reduce wind drift is discussed iﬂ Section 4.7.
This stiffening resulted in beams which were usually understressed.
Typical values of the interaction equations at the 10th floor of the
structure were about 0.85 for the K bracing, 0.70 for the X bracing
and 0.60 for the counters. An exception occurred in the exterior span
beams in the mid and upper stories of the K braced frame. These
members were usually fully stressec under both the gravity and the wind
loading cases. (Members are consicered fully stressed when the inter-
action equation value exceeds 0.90). This occurred because the frame
did not require increases in the sizes of these beams to meet the drift
limitations. The interior beams of the counter bracing system were
significantly larger than the external beams in the lower stories. This

resulted from the increase in axial load in the beam which was required
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to transfer the lateral load between the tension only bracing on
successive floors.

The K braced frame had the least weight of the three combination
frames, weighing 25 percent less than the X braced frame and 32 percent
less than the counter-X braced frame. This can be attributed to the
same advantages the K bracing had in the vertical truss, first, higher
allowable axial loads and increased axial stiffness of the bracing
members because of their reduced length, and second, the reduction in
interior beam sizes allowed because of the K bracings' support at their
midspan. Although slenderness limitations could be ignored in the
counter bracing design, the loss of the compression diagonals' stiffness
required a significantly larger amount of steel to stiffen the frame.

The wind loads were carried by the combined action of the rigid
frame and the bracing. Nearly all of the horizontal shear was carried
by the bracing in all three frames. This was true at any height in the
structure. The remaining horizontal shear was carried by the columns.
The overturning moment was resisted primarily. by the column axial loads
(Fig. 4.7). The rigid frame action transferred some of the axial load
from the windward exterior columns towards the leeward exterior columns,
allowing the external columns to form a couple which has a greater lever
arm (450 inches) than the two interior columns (150 inches). Because
of their greater lever arm, the exterior columns resist the over-
turning moment much more efficiently. In the second story of the K
braced rigid frame the exterior column couple resisted 36 percent of
the overturning moment while the interior column couple, the bracing
and the column moments resist 55 percent, 8.5 percent and 0.5 percent of

the overturning moment respectively.
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Thus, the bracing and the rigid frame complement each other to
yield a lighter frame than with either the vertical truss or the rigid
frame alone. The rigid frame action engages the outer columns to resist
the wind-induced overturning moment while the bracing acts to reduce

the column moments.

4.4 Three Other Combinations

From the initial designs it becamc obvious that drift deflection
limitations were causing a significant increase in the weights of the
frames. Two types of bracing systems were proposed to stiffen the frame
by increasing the proportion of the overturning wind moment resisted by
the external columns. The first type included the use of an outrigger
truss to brace the external bays of the K braced rigid frame at selected
floors. The second type included bracing the entire frame with multi-
story X bracing extending the full width of the frame.

Both of these types of systems attempt to make the frame more
analogous to a cantilever beam. The bracing in the outer bays provides
greater continuity between the internal and external columns. This
results in a transfer of the wind overturning moment from the interior
column couple to the exterior column couple. The frame is then similar
to a cantilever beam: the bracing and internal framing system forms
the web (and carries its share of the vertical load) and the external
columns form the flanges and resist most of the overturning moment from
the ‘lateral loads. This type of behavior is especially obvious in the
multistory X braced frame. |

Both of the outrigger frames were stiff enough that drift deflec-
tion limitations did not greatly increase the total steel weight. Wind

loading stresses generally governed the design of the bracing and of the
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exterior columns. Gravity loading stresses determined member sizing of
the interior columns and at a few locations where beam sizes were
increased slightly to meet L/360 vertical deflection limitations. Most
beam sizes were either controlled by wind stresses or by wind drift
stiffening requirements. However, only slight increases in beam sizes
were required to stiffen the frame.

The effectiveness of the outrigger trusses varied greatly with the
distance from these fully braced floors. Table 4.3 and Fig. 4.8 clearly
illustrate that the fully braced floors resulted in a significant change
in the axial stress distribution. However, the behavior of the frame
gradually reverted back to the simple braced frame (Fig. 4.7) at levels
further below the floor with the full width bracing. This accounts for
the decrease in steel weight of the 10th and 20th story bracing system
over just having the full width bracing at the 20th story only.

Drift deflection limitations did not affect any member sizes in the
multistory X braced frame. Wind loading stresses generally controlled
member sizing in the external columns, the bracing and a few beams in
the exterior bays. Gravity determined the internal column sizes and
most beam sizes. However, most members in the multistory X braced
frame were highly stressed (interaction values of 0.75 or more) for
both the gravity and wind loading conditions.

The ability of the multistory X bracing to move the axial wind
loadings to the exterior leeward columns is clearly shown in Fig. 4.9
and Table 4.4. 1In every braced story, the external column couple
resisted at least 60 percent of the wind's overturning moment, while
the internal column couple provided only minimal resistance. The

position of the bracing members within the individual floor has a very
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important effect on the response of the members in this floor. When the
bracing is in the external bays, its lever arm builds up and the bracing
is able to carry a significant portion of the wind moment (stories 2 and
9 in Table 4.4). When the bracing acts through the building's center-
line, as in the fifth floor, the lever arm of the bracing is reduced to
zero and the columns must resist the entire wind moment. The bracing
couple can work with the wind moment (12th story) and cause an incrcase
in external columﬁ axial loads. The wind shear is carried by the

bracing.

4.5 Comparison of the Various Bracing Systems

Several different comparisons of the various frames can be noted.
Quantitative comparisons of the relative steel weights follow from the
final design weights shown in Table 4.1. It is also possible to make
some approximate qualitative comparisons of relative costs. The
performance of the different types of bracing and framing systems can
also be discussed.

The rigid frame resists latcral loads entirely by using the
flexural stiffness of the members, which was very inefficient for the
20 story frame considered. The rigid framing without bracing resulted
in a greater increase in wind moments in the beams and columns of the
lower stories than in any other frame. These large moments caused
significant increases in the size and weight of these members. In
addition, stiffening the rigid frame to reduce wind drift to acceptable
limits required doubling the weight of the frame from the initial wind
stress design. It is observed that the efficiency of the rigid frame
varies directly with the magnitude of the moments produced by the

lateral loading and the drift limitations. Thus, a rigid frame could
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Table 4.3 Percentage of wind moment resisted in the outrigger truss

bracing system with floors 10 and 20 fully braced.

Exterior Interior
Story Column Column Bracing Column
Couple Couple Couple Moments
12 8.7 22 o 17,1 1.7
11 £3. 8 30,0 11.7 4.5
10
fully by, 74,1 22.6 4.9 -1.6
9 88,0 0.0 10.0 2.0
8 81.8 4 12.8 1.1
5 61.8 27,2 10,2 0.8
2 48.7 42.0 8.6 0.7
Wind
UL L S S,
1000 4 1
. 4
500 < 8
=
e . 16
000 T T —
Exterior Interior Interior Exterior
Windward Windward Leeward Leeward
Columns

Fig. 4.9 Column axial load distribution in the
multistory X bracing system, 3/4(W+G)
loading.
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provide a reasonable design in low frames or frames with light lateral.
loadings. However, the design frame selected was too high and the
lateral loads too great for efficient use of the rigid frame system.

The results for the vertical truss and the combination frames
provide some interesting comparisons. In each type of system the K
bracing proved to be far superior to the X (and counter) bracing system.
This was primarily due to the shorter lengths of the K bracing members
which resulted in higher allowable axial loads and greater axial
stiffnesses. The K bracing reduced the size of the internal bay beams
by providing a support at the midspan of the beams (see Fig. C.4).

Also, K bracing offers some architectural advantages, such as allowing
larger openings in the braced bay. -

The final design weights for the combination frames were about 2/3
to 3/4 of the design weights for comparable vertical trusses. Whether
the combination system or the vertical truss system is better depends
upon the relative economies of Type I (rigid connections) and Type II
(pinned connections) framing. Type I fraﬁing is certainly more costly
to fabricate and assemble than is Type II framing. A quantitative cost
analysis would have to be performed to see if the reduction in steel
cost for a combination frame would justify the expensive Type I
connections.

The three designs with the least weight were the ones which engaged
the outer columns in the vertical cantilever beam action most effectively.
The two outrigger bracing systems and the multistory X bracing system
were stiff enough to reduce or eliminate the inclusion of steel to
satisfy drift deflection limitations. All three systems have architec-

tural handicaps. The outrigger trusses block out a whole story or two in
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the frame, allowing only a few openings between the bracing. For this
reason, outrigger trusses are often placed on mechanical floors, in
end walls, or are placed along lines where interior walls are planned.
This handicap is not as serious in the multistory X bracing, but it is
still present.

The multistory X braced frame had the lightest steel weight by far.
It was also extremely stiff. These attributes probably make it the
most efficient frame designed. However, several improvements can be
suggested. The stiffness of the multistory X braced frame could permit
either of two choices: 1less expensive semi-rigid or pinned connections,
or an increase in the lateral loads on the frame. Since the external
column couple is formed more by the action of the bracing than by the
action of the rigid frame (Table 4.4), a change of connection type
which would reduce or eliminate the rigid frame action is feasible.
It is economical to alternate the braced wind bent with one or more
gravity bents in the structure, as shown in Fig. 4.10. This would
increase the lateral loads on the wind frame and use the stiffness of

the multistory X bracing more effectively.

4.6 Bracing and Gravity Loads

Bracing is often ignored when the beams and columns are sized for
gravity loads. The bracing obviously does carry some of the gravity
load, but this contribution is usually considered small enough to
neglect. The design frames indicate that this is usually a reasonable
assumption. Generally, bracing was stressed to only about 10 percent
to 15 percent of its allowable stress by gravity loads in the vertical
trusses, the X and K braced combinations and in the outrigger truss

bracing system (see Fig. 4.11). The only exception in these frames
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Position of X Exteriorfnterior
Stor bracin column |column |Bracing | Column
Y g couple |couple couple | moments
\ /
12 \\\ V// 114.1 2.7 -18.5 1.7
4
9 /// 63.9 3.4 32.7 0.0
NV
5 r\v/q 96.0 4.0 0.0 0.0
1. /1 I\
2 / I I \ 69.5 | 2.3 28.0| 0.2

Table 4.4 Percentage of wind moment carried in the
multistory X braced frame.

42




Cravity

..Q_.___——/ only bents

f—\l Wind

/

/////; bents

-

L]
-

Fig. 4.10 Alternate wind and gravity frames in a structure,

20 1 Multistory

18 o / A
Bracing

16

14 +

12 +

10 Ao oy K Braced
Vertical Truss

o N A O ®
1

Interaction equation value,
gravity loading

Fig. 4.11 Degree of stress in bracing during gravity
only loading.
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occurred in the 20th story of the outrigger truss systems. Bracing
members in that position were stressed to about 50 percent of the
allowable stress in the gravity loading. This occurred because the
outrigger truss acted to equalize the axial shortening of the interior
and exterior columns. The multistory X bracing did receive stresses up
to about 50 percent of the allowable stress, but these stresses dropped
off when the bracing was entering the exterior bay (stories 6, 12 and
18). With this bracing system the bracing picks up enough of the
gravity load to be considered in analysis. Partly to emphasize this
behavior, the bracing elements of the multistory X bracing system are
sometimes designated as inclined columns. Thus, it would appear to be
reasonable to neglect the contribution of the bracing during a gravity
loading in all the types of systems considered except in the multistory
X bracing system. However, the increasing availability of computer-
aided analysis methods makes feasible the inclusion of gravity load

actions in the bracing member design and analysis.

4.7 Stiffening Frames Against Drift

Every frame designéd, with the exception of the multistory X
braced frame, required some stiffening to satisfy drift limitations.
In most systems, additional steel was placed in the frames by intuition
to stiffen the structure. However, two frames were investigated to
determine.the optimum locations for the additional steel.

The rigid frame required 110 percent of the initial wind stress
design weight to reduce the drift deflections to the h/500 limitation.
The majority of the beams were increased to the nominal depth limita-

tions. Column sizes were also increased greatly.
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For two of the bracing systems designed, an investigation was made
of the best placement of steel to stiffen a vertical truss. An X braced
cantilever truss with geometry similar to the interior bay of the X
braced vertical truss was used to determine the effects of increasing
the cross sectional areas of the bracing, columns and beams. An initial
computer run was made with the area for each member in the truss equal.
Three additional runs were made, one each for increases in the beam,
column or bracing member sizes. In each case the cross sectional area
of beam, column or bracing was doubled while the other areas were held
to their original values. The curves showing the results of these
studies are given in Fig. 4.12. Clearly, in a vertical truss of this
geometry, increasing the interior column sizes has the greatest effect
on drift deflections. Increasing the bracing sizes has only a minor
effect, while increases in beam sizes do not significantly decrease
drift.

These results can be explained by examining the pinned truss

deflection equation:

A=) ——-——;;_1 (4.1)

where A = deflection, A = area, L = length, E = modulus of elasticity

and NM = number of members, Ni = member force due to real loading, n, =
member fo}ce due to the application of a unit load at the position and

in the direction of the desired deflection. Table 4.5 shows the truss

deflection contributions of the beam, bracing and columns of the truss

used in Fig. 4.12. Because the columns, beams and bracing do not all

have the same area, the A/EAiLi term is used to weigh the results.
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Table 4.5 Contributions of beams, columns and bracing to vertical

truss deflections.

Ly PiPiby
Type IA; Ly L AE S 8/1AL
11 i1
) -3 -6
Columns 1.50 x 10 8.28 x 10 14.952 99.6 x 10
S -3
Beams 1.05 x 10 5.79 x 10 0.001 | ---=---
. ) A3 -6
Bracing |2.52 x 10 13.8 x 10 0.395 1.5 x 10
Total Drift = 15,347
3000 - LLY II I

2000

Height in Inches

1000

Fig. 4.12

I - Original curve and
curve for doubled
beam areas.

IT - Curve for doubled
bracing areas.

III - Curve for doubled
column areas,

I I | | !

0 5 10 15 20

Deflection in Inches

Truss deflections for lateral loads, effects of doubling
member areas of beams, bracing or columns while holding
other areas constant.
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These figures clearly illustrate that the axial shortening of the columns
contribute most of the deflection. This makes them the most efficient
place for additional stiffening steel.

Fig. 4.13 shows the stiffening history of the K braced vertical
truss. Only the bracing and column sizes were increased. The addi-
tional stiffening steel was placed uniformly in the bracing or columns
throughout the height of the frame. From the starting point to point 1,
the column stiffening was about 5 times as efficient as was placing
the additional steel in the bracing members. From points 1 to 3, only
the column sizes were increased, but for each step the columns required
more steel to cause a unit decrease in deflection. At point 3 an
increase in bracing sizes was tried again. The bracing efficiency at
point 3 was the same as it was at the starting point. However, an
increase in column sizes showed that their efficiency was now equal to
that for the bracing. An increase in bracing size was used to go from
point 4 to point 5. Column increases brought the frame to the accept-
able drift limit at point 6. This efficiency drop for column stiffening
indicates that the best placement for stiffening steel may shift from
the area which was predominant at the start of stiffening to a different
area of the frame.

A more complete, although briefer, stiffening history was recorded
for the K braced rigid frame with the 20th floor outer bays fully
braced (Fig. 4.14). Increases in the inside column area and beam sizes
had the greatest and almost equal efficiencies. Weight increases of
the bracing and éutside columns had significantly lower stiffening
efficiencies. Increases in the inside column sizes were used to stiffen

the frame and reduce the drift to point 1 in Fig. 4.14. Note that
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Fig. 4.13 Stiffening history of the K braced vertical truss.
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Fig. 4.14 Stiffening history of the K braced rigid frame,
20th floor fully braced.
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from point 1 the slopes (stecper slopes show greater stiffening
efficiency) of every area except the inside columns are almost the same
as they were at the starting point. The inside columns have had an
efficiency drop and the beams have become the best place for stiffening
steel.

The drift of a structure can be considered to be the sum of the
deflections arising from the flexibility of each individual member.
As equal increments of stecl are added to one type of component, such
as the inside columns, the relative contribution of successive incre-
ments of steel will decrease, as shown in Fig. 4.13. After a number of
increments have passed, the contribution to stiffening of one component
may decrease to a value below the contribution of a different component,
such as bracing. When this occurs, the most efficient placement of

stiffening steel will shift to the other component.
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Chapter §

CCNCLUSIONS

In this study, an investigation into the relative economies of
various lateral bracing systems in steel plane frames was made. Nine
different systems were placed in a standard 20 story, 3 bay framework
with the same loading applied to each frame. The design was done with
an automated design program written by the author. The results of the
designs illustrate the relative efficiencies and behavior of several
different types of lateral bracing systems.

‘Results obtained show that the lateral bracing systems which tend
to engage the entire frame in action similar to a cantilever beam
produce the stiffest and least weight designs for the geometry and
loading considered. These types of systems result in most of the over-
turning moment being resisted by the couple formed by the cxterior
columns of the frame. The exterior column couple is more efficient than
either the interior column couple or the bracing couple because of its
greater lever arm. The multistory full width X bracing and the two
systems including outrigger trusses were the most efficient in producing
this type of action. The rigid frame action of a braced rigid frame
also allowed the exterior column couple to carry more of the overturning
moment than unbraced rigid frames or vertical trusses, but at the price
of introducing larger moments into all beams and columns.

Vertical trusses (AISC Type II connections) were found to require
20 percent to 46 percent more steel than a comparable braced rigid
frame. The economies of vertical truss systems depend upon the

additional costs of the rigid and semi-rigid connections in the braced
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rigid frame as compared to the additional steel the vertical truss would
require. A rigid frame proved to be an inefficient design for the 20
story frame considered because excessive amounts of stiffening steel
were required to reduce drift.

The results indicate that the K bracing was structurally superior
to the X bracing when placed in either a rigid frame or vertical truss.
The shorter member lengths of the K bracing resulted in higher allow-
able axial loads and greater axial stiffness. Consequently, the K
bracing resulted in a frame or truss which required less steel to
stiffen and had a lighter final design weight than a comparable X
braced frame or truss.

Steel used to stiffen a frame should be placed in areas (beams,
columns or bracing) that contribute the most to the overall truss
deflection. In general, increased stiffness can most efficiently be
achieved by first increasing the columns forming the chords of a
vertical truss. As one areca is stiffened, the optimum location for the
stiffening steel may shift to another area.

Results of this study can be used to help determine the efficiency
of various lateral bracing systems in mid-height range structures, thus
resulting in a savings of material and more economical structural

frameworks.
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Appendix A

PROGRAM DESIGN1

A.1 Introduction

Program DESIGN1 is an analysis-design computer program for plane
frames composed of structural steel sections. Given the structural
loading and geometry information, DESIGN1 selects a set of standard
steel shapes which satisfy the applicable AISC interaction equations
and other limitations imposed by the designer. The program begins by
performing a stiffness analysis using the input structural geometry,
loading, and either input or internally selected initial trial sizes.
Each member is then checked to determine if all applicable stress
conditions are satisfied. If a given member is over- or under-designed
by more than the allowable limits, the program selects a new shape to
support the member actions given by the previous analysis. After all
members have been individually checked, the program reanalyzes the
structure using the new member sizes and then performs another design
check. This continued until the design check shows that all the members
are adequate. Output includes the selected section shapes, member end
actions, interaction equation values, joint deflections and maximum
beam deflections. The general flow chart for the program is shown in
Fig. A.1. DESIGN1 is written in ANSI FORTRAN IV computer language and
consists of five basic parts: input, analysis, design, control, and

output.

A.2 Input Information
Program DESIGN1 requires that all input data be consistent with

the FORTRAN format field specified for the data. The program requires
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Simplified flow chart for Program DESIGNI.
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a description of the geometry, loading, member information, and values
used to specify how certain parts and options of the program are to be
controlled. Initial member sizes may be input or chosen internally.
Each AISC shape is assigned a member code number which is used as a

reference for that shape. These code numbers are tabulated in Table A.1.

A.2.1 Definition of Structural System

All input data must have consistent force and length units of kips
and inches. An orthogonal structure coordinate system must be estab-
lished as shown in Fig. A.2. The program requires that columns be
nearly parallel to the Y axis. All joints and members must be num-
bered sequentially beginning with one. Support conditions and loadings

must be identified.

Joint Numbering

Each joint must be assigned a unique joint number, with the maxi-
mum number assigned equaling the numbcr of joints in the structure.
The amount of computer storage and run time is dependent upon the
maximum difference between the two joint numbers at the ends of each
member. In Fig. A.2, the maximum difference occurs with member 3,
which has a difference of 6 - 3 = 3. Joints should be numbered to keep
this difference as small as possible. For further explanations of

joint numbering, see Sections A.2.2 set 3, and A.3.5.

Member Numbering
Each member must be assigned a unique number, with the maximum

number assigned equal to the number of members in the structure.
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A.2.2 Required Input Data

The input required for program DESIGN1 can be broken down into

several units or data sets, as outlined below:

Set 1 Descriptive information and program control flags.

Set 1 consists of one card containing values of NJ, NM, E, SWAY, INTS,

IOFLAG, IGROV, IPFLAG, INOUT, DEEFL, and MAXBAND using format (2I10,

E10.2, F10.2, 5I5, F5.0, I5) where

NJ

NM

E

SWAY

INTS

IOFLAG

IGRAV

Total number of joints.

Total number of members.

Modulus of elasticity for all members.

The height above which sidesway is present. This
important variable is used in dctermining the effective
length factors.

The number of iterations allowed before a subroutine is
called to help convergence. INTS should not be less than
three. The program assumes INTS = 5 if a zero or blank
is read. For further explanations sce Section A.5.1.

A variable controlling the program operating mode and
having two possible input values, zero 6r one. Zero
allows the analysis-design sequence to iterate normally.
A one instructs the program to only analyze the structure
and print the interaction equation values for each mem-
ber using the trial member sizes. No iteration is
permitted.

A control flag which specifies the loading condition

with one of three possible values; zero, one, or two.
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IPFLAG

INOUT

IGRAV=0 specifies that analysis and design be performed
using input load values with no modification for wind

or moment redistribution. IGRAV=1 signifies a gravity
loading and allows the program to use a maximum one-tenth
redistribution of the negative beam momemts when per-
mitted by AISC 1969, Section 1.5.1.4.1. A value of two
signifies a wind loading and all input loadings are
reduced one-fourth and no moment redistribution is
allowed.

This control flag specifies the output desired and may
have one of four values: zero, one, two, or three.
IPFLAG=0 results in an echo of the input data, plus

final member sizes, actions, interaction equation values,
and member deflections (for deflections, also see

Section A.6.4). IPFLAG=1 resulés in the output specified
by the value 0 and also a listing after each iteration

of the new member sizes and the member Kx’ P , M ,

max max

me, Cmy’ Fa’ and Fbx values. IPFLAG=2 causes a card
to be punched for each member giving the member number
and its size codc (information useful to use as trial
member input for later runs). In addition, a member

size code table is printed and all the output for
IPFLAG=0 is generated. IPFLAG=3 is used when all the
above output is desired.

This flag also controls the output and has three possible

values: zero, one, and two. INOUT=0 is the normal mode.

INOUT=1 suppresses the input echo. INOUT=2 allows only
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DEFFL

MAXBAND

the printing of joint deflections unless the maximum
drift deflection is within the limits defined by DEFFL.

If the drift deflections are less than DEFFL restrictions,
output is the same as INOUT=1.

Drift deflection limit. This is used only when INOUT=2.
If drift deflections are limited to-hcight/SOO, enter

500; if the limit is height/600, enter 600. If DEFFL=0
is entered, 500 is assumed.

Maximum bandwidth of the stiffness matrix. See Sections

A.3.5 and A.8.

Set 2 Geometry

The set consists of one card for each joint and contains values for JN,

X, Y, FIXYZ(1), FIXYZ(2), and FIXYZ(3) using format (I10, 2F10.3, 3F5.2)

where:
JN
X
Y
FIXYZ(1)
FIXYZ(2)

FIXYZ(3)

Joint number.

Structural X coordinate of the joint.

Structural Y coordinate of the joint.

Fixity of the joint against X translation.

Fixity of the joint against Y translation.

Fixity of the joint against Z rotation. To fix a

joint against translation or rotation, enter any non-zero
positive number (usually one) for the appropriate FIXYZ.
If the movement is frec, enter a zero or leave blank.

For further explanations see Section A.3.4.
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Set 3 Individual member data

The set consists of one card for each member and contains values for M,

JC, KC, FYIELD, BRCEX, BRECY, DL, YMNE, YMFE, IBC, IPIN, and SETSIZ

using format (3I5, F10.2, IS5, 2F10.2, 2I2, 1I6) where:

M

JC

KC

FYIELD

BRCEX

BRCEY

DL

Member number.

Joint number of the ''near end" of the member. This must
be the lower end for columns which frame into supports,
and this convention is suggested for all columns. Beams
may have either end designated the near end, but the use
of the left end as the near end is most convenient and
is suggested. The locations of the near and far ends
mu;t be recognized when specifing member loadings.

Joint number of the far end. |

Yield point of the stcecl in the member. Any grade may
be used. 36 ksi is assumed if none is specified.
Maximum distance between lateral bracing points along the
strong axis.

Maximum distance between lateral bracing points along the
weak axis. The effective length factor for the weak
axis, Ky’ is always assumed to be one. If this factor
varies, vary BRCEY accordingly. For beams, this is the
distance between lateral bracing of the compression
flange.

Limit on the maximum nominal depth permissible for the
member. If not specified, 36 and 14 inches are

assumed for beams and columns respectively.
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YMNE Weak axis (out of plane) moment on the near end of the
member. YMNE must be a positive number. Shear reactions
coming in from out of plane members can be entered as
joint loads parallel to the X or Y axes.

YMFE Weak axis (out of plane) moment on the far end of the
member. YMFE must be a positive number.

IBC Beam or column designation. IBC=0 designates a beam,
IBC=1 designates a column. Beams arc usually picked
from the economy tables. Because of this, bracing mem-
bers should be declarcd columns. The effective length
factor is always set equal to one except for vertical or
near vertical columns.

IPIN IPIN=1 will cause the program to treat the member as
pinned at both ends. See Sections A.3.2 and A.3.3.2
for details.

SETSIZ This option allows the programmer to declare the member
to be a given size which will not change throughout the
iterations. Enter the appropriate member size code

number for the member.

Set 4 Member properties and references

These data sets reference the entire selection of AISC M and W
shapes. Set 4a consists of three cards which reference the nominal
depths to the member size codes. Set 4b contains 213 cards, each
describing the properties of an AISC M or W shape. Set 4c contains
four cards which reference 54 economy table shapes. This set should

have been included with the program package.
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Set 5 Trial member sizes, which consists of sets 5a and 5b given below.

Set 5a Trial sizes flag

The set consists of one card containing the value for MEMTRI using

format (I5) where:

MEMTRI - MEMTRI=1 indicates that the trial sizes will be read

in. If MEMTRI=1 is specified the entire set 5b must
follow. DESIGN1 does have a subroutine which will find
preliminary sizes if necessary, but it is not very
efficient. MEMIRI=0 will cause the subroutine to size

all the members initially and set 5b is not needed.

Set Sb Trial member sizes and cquivalences
The set consists of one card for each member containing values for M,
MSIZE, and IEQUIV using format (3110) where:

M Member number.

MSIZE Number of the initial trial member size selected from
Table A.1. MSIZE=0 causes the sizing subroutine to
choose the initial size.

IEQUIV This option allows the user to declare the equivalence
of this member to another member. Typically this would
be used in a symmetrical structure with an unsymmetrical
loading, as in the top half of Fig. A.2. For the load-
ing shown, member 7 is probably less critical than
member 9, but it is assumed that symmetry dictates that
they should be the same size. Thus enter a 9 as the
IEQUIV value for member 7. Do not specify 7 as the

IEQUIV value for member 9.

65



Set 6 Member loadings, which consists of sets 6a and 6b given below.

Set 6a Number of member loading
The set consists of one card containing the value for MLOADS using
Format (I10).

MLOADS Total number of member load cards to follow. A member
may have more than one loading. MLOADS must not exceed
the dimension of the variables in the common block
/LOADS/. Member weights are automatically considered

within the program.

Set 6b Member loads
The set consists of one card for cach member loading defining MEM,
JCODE(s), RLOAD(s), RN, and RF using format (215, 3F10.2) where:
MEM Member number.
JCODE Loading code:

1 = concentrated load.

2 = uniform load on all or part of the span.

3 = concentrated moment. Counterclockwise is positive.

4 = joint displacement in member Y direction.

5 = temperature change. Positive for increasing
temperatures. Units in degrees Fahrcnheit.

6 = joint displacement in member X direction.

7 = linearly varying load over the full span. The
larger load intensity must be at the near end of
the member.

RLOAD Magnitude of the loading. _Ca:e must be taken to enter

the correct sign. RLOAD is specified by the member
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coordinate system shown in Fig. A.3. If the convention
of placing the near end on the left is followed, most
gravity loadings will have a negative sign. Mecmber co-
ordinate systems are explained in Section A.3.

RN Distance from the near end of the member to the load,
expressed as a fraction of the span length. RN must be
specified for uniform loads, concentrated loads, and
concentrated moments. For example, a uniform load
covering the middle third of the span would have
RN=.333. Note that RN=0 would denote a load starting
at the near end.

RF Distance from the far end to the start of the load,
expressed as a fraction of the span length. RF is only
needed for uniform loads. If RF is not given, the uni-

form load is assumed to extend to the far end.
Set 7 Joint loadings, which consists of sets 7a and 7b given below.

Set 7a Number of joint loadings
The set consists of one card containing the value for JLOADS using
format (IS) where:
JLOADS Total number of joint loading cards to follow. A
joint may have any number of cards. There is no limit

on the number of joint loadings.

Set-7b Joint loads
The set consists of one card for each joint loading defining JN, X, Y,

and Z wusing format (I10, 3F10.2) where:
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Fig. A.3 Loaded member with member coordinate system.
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JN Joint number.

X Force in the X direction.
Y Force in the Y direction.
Z Moment about the joint, moment vector directed in 2

direction, i.e., counterclockwise positive. Do not
place a concentrated moment on a joint if all members
entering the joint are pinned at the joint. Note the
X and Y directions for the joint refer to the

structural coordinate system.

A.3 Analysis

The analysis routine utilizes a fully automated stiffness approach.
Notation and procedure are more fully discussed in Ref. 23. All load-
ings are stored in the AJ (Actions at Joints) matrix. A series of
routines transforms individual member stiffnesses from member to struc-
tural coordinates and then adds these transformed member stiffnesses
into the large S (Stiffness matrix in structural coordinates) matrix.
Then the DJ (Displacements at Joints) matrix is found by solving

pJ = st % Ag (A.1)

using a simultaneous ecquation solving routine. These joint displace-
ments are then utilized to compute the member end actions. Fig. A.4
shows the analysis flow chart. This method of analysis does not con-
sider shear deformations nor changes in member stiffness resulting from

axial loadings.

A.3.1 Program Trial Member Sizing
If trial sizes are not INPUT or if an individual member does not.

have a trial size, subroutine SIZE is called. The subroutine bases
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Fig. A.4 The analysis loop.
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the trial member size upon span to depth ratios. This usually provides
a fair guess for beams, but it tends to pick very light sections for

columns.

A.3.2 Loadings

Three matrices and several subroutines are used to transform
member loadings into an acceptable form for analysis. Subroutine
FIXEND computes the six fixed end actions (FEA) caused by a member load-
ing and placesvthem in the FEA matrix. Each member FEA matrix is taken
by subroutine STORE and added to the AJ and AMF (Final Member Actions)
matrices. The fixed end action values from member self weights are
computed by subroutine WTFEA and stored by subroutine STORE. However,
if a member is pinned, then only the axial and shear actions are com-
puted by FIXEND and WTFEA and placed in FEA. Joint loads are added

directly into AJ.

A.3.3 Formation of the Stiffness Matrix

Unlike the AJ and AMF matrices, the S matrix is dependent upon
the individual member stiffnesses. A change in member size during the
design loop changes the stiffness matrix, and thus the analysis. There-
fore the formation of the stiffness matrix must be repeated during each
iteration through the analysis loop.

The S matrix represents the summation of all the individual
member stiffnesses. The summation is accomplished by computing each
SM (Stiffness Member) matrix, rotating it to structural coordinates,

indexing it, and adding it into the structural stiffness matrix.
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A.3.3.1 FORMRT

Subroutine FORMRT builds the members' RT (Rotation, Translation)
matrix. This 6 x 6 matrix inclues the direction cosines which define
the relation between member coordinates (Fig. A.3) and structural co-

ordinates (Fig. A.2).

A.3.3.2 FORMSM

Subroutine FORMSM gencrates the member stiffness matrix in member
coordinates. This matrix contains AE/L, EI/L, and }:II/L2 terms. Pinning
of a member is achieved by dropping the EI terms to a near zero value,

effectively leaving only the axial terms in SM.

A.3.3.3 BMR

Subroutine MULT is used to multiply the rotation and member
stiffness matrices together to form the SMR (Rotated Member Stiffness)
matrix. Using the equation

SMR_ = RT® * SM_ * RT (A.2)
m m m m

the member stiffness matrix in structural coordinates is formed.
The SMR matrix is then indexed to its appropriate joints by
subroutine INDEX and added into the S matrix. The formation of SMR is

repeated for each member.

A.3.4 Boundary Conditions

The stiffness approach to structural analysis reclates directly to
the joint motions. The three possible motions of a planar joint,
structural X translation, structural Y translation and rotation
each generate an equation which becomes a row in the S, DJ, and AJ
matrices. The positive X and Y translations and the positive

rotation of a joint correspond to the structure X, Y, and Z coordinates.
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Modification for joint fixities is accomplished by mathematically
forcing the corresponding joint displacement to zero. Because the

system of equations

S * DJ = AJ (A.3)

is solved, fixity is achieved by placing a very large number, 1060,

on the appropriate diagonal term of the S matrix. This increcases the
stiffness of the joint against that translation or rotation enough
that effectively a zero displacement results. The AJ corresponding to

that joint motion must be zeroed.

A.3.5 Number of Equations-Bandwidth

Three equations arc generated at each joint. The structure shown
in Fig. A.2 would result in 3 * 11 = 33 equations.

Two properties of the S matrix, symmetry and banding, allow a con-
siderable savings in computer storage. Symmetry allows the storage of
just the diagonal and one-half of the off-diagonal terms, since the

other half of the off-diagonal terms are related to the stored half by

= .4
S35 = S5 (A.4)

Furthermore, beyond a certain distance from the diagonal, only zero
terms are present and these zero terms need not be stored. The band-
width of the S matrix depends upon the maximum difference between the

two joint numbers of a member and is given by:
Bandwidth = 3 * (Maxdiff + 1). (A.S)
For the structure of Fig. A.2,

Bandwidth = 3 * (6 - 3 + 1) = 12. (A.6)
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Thus, instcad of storing the entire 33 x %3 S matrix, only the 33 x 12

half band is stored.

A.3.6 BNDSOLV

Subroutine BNDSOLV is essentially a Gauss elimination routine that
operates on the symmetrical, banded stiffness matrix. Gauss elimination
is a well-known procedure for solving systems of simultancous equa-

(8)

tions. The climination procedure takes the square cocfficient mat-
rix and manipulates it until the lower off-diagonal terms are all zero.
Once this is done the unknowns can be found by using a back substitution.

Subroutine BNDSOLV does this, but uses the symmetrical, banded S matrix.

A.3.7 Member End Actions
Once the joint displacements are found, the axial, shear and

moment terms at the ends of a member can be found by
AMF = SM * RT * D + FEA (A7)

where D is the matrix of displaccments at the ends of a member. The

actions in member coordinates arc shown in Fig. A.S

A.4 Design

The objective of the design loop is to find the lightest M or W
shape which satisfies the 1969 AISC code requircments and other con-
straints imposed by the user. The loop utilizes the provisions of
AISC Sect@ons 1.5 (allowable stresses), 1.6 (combined stresses),
1.8 (stability and slenderness ratios) and 1.9 (width-thickness ratios)
to check the applicable interaction equation(s). If the member size is
not satisfactory, it is changed and the adequacy of the new size is
determined. After a member size is chosen, a search is made to find

another adequate section which is lighter, but still meets any nominal
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Fig. A.5 Positive member end actions.
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depth requirements. An abbreviated flow chart of the design loop is

shown in Fig. A.6.

A.4.1 DO 142

The statement DO 142 M=1, NM sets up the control in the design
loop. M is the member number. J, the coded AISC shape number for the
current member, is stored in MSIZE. Entrance to the loop comes directly

from the analysis section, and the loop exits to the control section.

A.4.2 IEQUIV and SETSIZ

If a member is declared ecquivalent or has its size set, control is
immediately passcd to the end of the loop and a change in the member
size is not allowed. Member sizing for equivalent members is checked

outside the design loop.

A.4.3 Effective Lengths

The effective length is assumed to be one for all members except
vertical or near vertical, unpinned members which are declared columns
in the array IBC. A column is assumed to be '"vertical or near vertical"
if the sine of the angle between the member and the structural X axis
is greater than 0.95. The effective lengths are calculated in sub-
routine EFLEN which can consider both sidesway prevented and sidesway
permitted cases. The subroutine calculates the stiffness to length
ratios of all members framing into the column ends and uses these values
to solve the appropriate transcendental equation(s) for Kx by trial
and error. If a column has pinned or fixed ends, stiffness values of
10 and 1, respectively, are assumed.(Z) All out of plane effective

lengths are assumed to be unity. The program will select only member
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sizes with K1/r 1less than 200 about both axes. Effective lengths are
ignored for tension members although the AISC code does recommend some

limitations in Section 1.8.4.

A.4.4 Compactness

Subroutine C15141 checks the AISC code requirements for section
compactness (Section 1.5.1.4.1). This compactness criterion is used to
decide whether a one-tenth reduction in negative moment (see Section
A.4.5) can be used and whether an allowable strong axis bending

stress of up to 0.66Fy is permissible.

A.4.5 Design Actions

Subroutine PVM computes the maximum axial and moment actions
acting on a member. It assumes that the maximum axial force occurs at
one of the ends of a member. PVM computes the moment at eleven points
along the members span including cach end, and finds its maximum values.
If allowed by the compactness criteria and the loading, it will reduce
the negative moments up to ten percent. This reduction is made in one
percent increments and is stopped before the full ten percent redistri-
bution is reached if the positive moment is increased to a value equal
to or larger than the negative moment. These moment reductions are not
carried to the supporting columns. The subroutine returns the maximum
axial, end moment and mid-span actions to the main program. Shear is
not considered by the design loop, but a shear check is made during

output.

A.4.6 Economy Tables
If a member has an IBC designation of zero and if fa/Fa is less

than 0.15, the section is chosen from the economy tables. If a
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nominal depth limitation intervenes, the design loop exits from the

economy table mode.

A.4.7 Statement 156 CONTINUE

This statement marks the beginning of the free iteration for the
member size. Although the values of K., C , M , and P can change

x’ m’ max max

with variations in member size, these changes are usually small and
their values are assumed to be constant during the iteration. Before
the interaction equations are computed several checks and initializations
must be performed. This includes a check to determine if the current

member size violates the nominal depth restrictions for that member.

If it is satisfactory, the member section properties are initialized.

A.4.8 Interaction Equations

The central part of the design loop determines if the member size
satisfies the interaction equations (AISC equations 1.6-1la and 1.6-1b
or 1.6-2). The program finds the allowable and actual axial and bending
stresses and makes a preliminary check of the interaction equations.

If the member passes these initial checks, the additional variables
necessary for the interaction equations are calculated. Finally, the
interaction equation values are computed.

Depending upon the interaction equation values, the program will
choose to increase, decrease, or accept the member size. For all three
equations, if the value exceeds 1.03 the member size is increased. The
member size is decreased if the value is below 0.95 for equation 1.6-2
and 0.93 for equations 1.6-1la and 1.6-1b. The size is accepted if the
value falls between the two limits. The 0.95 and 0.93 values were

chosen on the assumption that the next lightest section would have a
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value greater than 1.03. The slightly higher value for equation 1.6-2
was adopted to make the maximum use of the economy tables. Of course,
there may not be a size which falls in the acceptable region. In this
case the program will begin to oscillate, picking a size which is above
the upper limit, then choosing a size which is below the lower limit,
then cycling back to the first size, and so on. After this oscillatiion
occurs two times the program chooses one of the sizes and does not
retest the member until after the next analysis.

Once a size has been selected, a search is made to find a lighter
size which is still adequate. Because the basic factor in the search
is weight, it is assumed that the better section, if it exists, has a
nominal depth which is equal to or greater than the current nominal
depth. This assumption is made to save the additional computer time
required to search through all the sections which are lighter.

If a member has changed size during the design loop, its member
self weight loading has changed. Therefore, it is necessary to remove
the old member weight loading from the AJ and AMF matrices and replace
it with the new member self weight loading. This is done by calling
subroutines WTFEA and STORE twice, once to remove the old member weight
and again to replace it. A flag (ICHAN) is also set if the member

size has changed.

A.5 Control -

Two requirements must be met by the control around the analysis-
design sequence. First, all members should be as fully stressed as
possible without exceeding the allowable stresses. Second, convergence
to the final member selections should be as rapid as possible. The

basic problem is that in a highly indeterminate structure such as a
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plane frame, the actions in a given member are dependent upon the
stiffnesses of the other members framing into it. Thus, a change in
member size not only causes a change in the member's actions, but also
in the actions of the members around it. This means that another.
analysis is required each time a member size is changed.

The most important control variable is IOFLAG. The program has
three possible modes, corresponding to IOFLAG values of zero, one, and
two. IOFLAG=0 allows the analysis-design loop to cycle freely until a
set of close-to-fully stressed members are found. Because of the way
convergence is achieved, some members may end up slightly overstressed.
IOFLAG=2 allows only these overstressed members to increase in size.

IOFLAG=1 is the output mode.

A.5.1 IOFLAG=0

The program begins here. Using individual trial sizes, the program
performs a complete structural analysis and resizes the members if
necessary. The analysis is performed again and the new set of members
is checked and resized if necessary. Convergence is speeded in two
ways. First, if a member retains the same size for three consecutive
iterations, it is set to that size for the remainder of the IOFLAG=0
mode. Second, after the number of iterations exceeds the variable INTS
(see A.2.2), subroutine SETUM is called to speed convergence. SETUM
examines the pattern of member sizes during the last three iterations.
If an oscillation is present, subroutine SETUM selects the larger
member code size and sets the member to that size. Convergence is said
to have occurred if none of the member sizes are changed by the design

loop. This usually takes about nine iterations, assuming INTS=5.
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A.5.2 IOFLAG=2

Because a member size may be set early in the IOFLAG=0 mode,
changes in member sizes around that member may cause it to be over-
stressed. The IOFLAG=2 mode allows the members to increase (but not
decrease) in size if they do not satisfy the interaction equations.
This results in a final set of members which are all adequate. This

mode usually lasts about three iterations..

A.6 Output, IOFLAG=1

The IOFLAG=1 mode may occur in two manners. Either the program
has gone through the two modes described in A.5.1 and A.5.2 or a check
of the interaction equations is being run on the input trial sizes.
Both cases are handled alike. An analysis is performed and the values
of the interaction equations are computed. No changes in member sizing
are allowed to occur. The output consists of the member number, size,

actions, interaction equation values, and deflection information.

A.6.1 Actions

The member end actions are printed. These actions are specified
in member coordinates, as4shown in Fig. A.5. The maximum design moment,
which can occur at one of the internal tenth-span points, is also

printed.

A.6.2 Interaction Equation Values
The controlling interaction equation number and its values are
printed. The three terms output are axial, strong axis bending and

weak axis bending terms respectively.
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A.6.3 Shear

If the shear stress on the ends of a member exqeeds the allowable,
an error message is printed. The maximum shear stress is always
assumed to occur at the member ends. Shear stresses are not considered

during the design loop.

A.6.4 Deflections

Member deflections are calculated for the beams. Subroutine
DEFLET uses the Newmark method of concentrated angle changesclg) to com-
pute the deflections at nine points along the span. Deflections are
relative to the ends of the span and include the member self weights.
The span to deflection ratios are also printed.

Joint deflections are outputted. These are referenced to the

structural coordinate system and have units of inches or radians.

Deflection limitations are not considered by the program.

A.6.5 Punched Output

In addition to the above output, punched output may also be
generated giving the member number and its céded shape size number.
The punched cards are in the format specified for inputting the trial
member sizes. These cards are useful for making adjustments in member
sizes, for example to stiffen the frame, and should be used with an

IOFLAG=1 mode. Table A.1 is also printed for reference.

A.7 Design Example
The frame shown in Fig. A.2 is designed in this section. The
geometry, loadings and the joint and member numbering are also shown in

Fig. A.2. Additional assumptions are listed below:
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1. 50 ksi steel was assumed for members 1 and 3 and 36 ksi steel
for the other members.

2. Bracing lengths were assumed and are shown in Fig. A.8.

3. Nominal depth limits were assumed to be 14 inches on columns
and 36 inches on beams, except for member number 3, a beam,
which was limited to 14 inches.

4. There are no out of plane moments.

5. Rigid framing (AISC Type I) is present everywhere except for
member number 4, which is pinned at both ends.

6. Sidesway is present above the first story (150 inch level).

7. Neither an increase in allowable stress for the wind loading
nor a one-tenth reduction in negative beam moments was permitted.

The input data are shown in Fig. A.7. IOFLAG=0 was specified to
produce the desired free iteration of the analysis-design sequence.
MAXBND=24 was used because the stiffness matrix was dimensioned for 24.
Equivalences were declared between members 7 and 9 (9 critical) and 10
and 12 (12 critical). The input echo is shown in Fig. A.8.

The output of the free iteration run is listed in Fig. A.9. An
initial inspection of the output reveals that many members seem under-
stressed (and one overstressed). In fact, only two members have ade-
quate interaction equation values of 0.95 or greater, and only five
have values greater than 0.90. However, it can be shown that these
apparent deficiencies are primarily due to some of the assumptions
made at the start of the problem.

The overstress in member 7 is due to its equivalence to member 9.

Because member 9 was assumed to be morec critical than member 7, it was
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THIS PROBLEM HAS 11 JOINTS AND 12 MFMBERS)
THE MODULUS OF ELASTICITY EQUALS 29001.00 KSI.
THESTRUCTURE IS UNHMRACED AGAINST SIDESWAY AHOVE 150.0 INCHES.

THE PROBLEM wILL ITERATE S TIMES BEFGRPE CONVERGENCE 1S FORCED.

JOINT COORDINATES FIXITY
NUMRER X Y X Y ROT
1 0.0 150.9 1.0 1.0 0.0
2 300.0 0.0 1.0 1.0 1.0
3 300.0 150.0 =0.0 =0.0 -0.0
“ 600.0 0.0 1.0 1.0 0.0
s 900.0 0.0 1.0 1.0 0.0
6 600.0 150.0 ~0.0 =2.0 -6.0
7 900.0 1500 =0.0 =00 ~0.0
8 "00.0 10000 -0.0 =0.0 -0.0
9 “00.0 300.0 =0.0 =0.0 =0.0
10 (\0000 “qOOO -0.0 ~0.0 =J.0
11 500490 450.0 =0.0 =0.0 -0.0
MEMBER INNICES ANND CTHER MEM4BER DATA
MFMBER NEAR FAR YIFELD X BRACE Y BRACE DEPTH OUT OF PLANE MOMENTS
NUMKER END END POINT LENGTH LENGTH LIMIT NEAR END FAR END
1 1 3 S0e00 300.00 300400 36 -0.00 -0.00
2 2 3 3h.(0 150.00 75.00 14 -0.00 ~0.00
3 3 6 50.70 300.00 300.00 14 -0.00 -0.00
4 4 6 36400 150.00 75.0C 14 -0.00 ~0.00
5 6 7 SNe00 300,00 ©50.00 36 -0.00 -0.90
6 S 7 36.00 150.00 75.00 14 -0.00 -0.00
7 [ 8 3Ae00 150.00 150.00 14 -0.00 -0.00
R 3 9 3600 300,00 50.00 36 -N.09 -0.00
9 7 9 36.00 156,00 150.00 14 -0.00 ~0.00
10 8 10 3600 150.00 15000 14 =000 ~-0.00
11 1 11 3he0N 300.00 50.00 36 -0.00 ~0.00
12 9 11 3600 150.00 150.00 14 -0.00 -0.00

BMCOL PINNED SET SIZE

-0 -0 -0
1 -0 -0
-0 -0 -0
1 1 -0
-0 -0 -0
1 -0 -0
1 -0 -0
-0 -0 -0
1 -0 -0
1 -0 -0
-0 -0 -0
1 -0 -0

Fig. A.8 Input data echo.
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MEMBER LOADINGS

THERE ARE A LOADED MEMBERS,

MEMRER JCODE MAGNITUDE R-DIST NEAR R=DIST FAR
1 7 «100 =0.000 -0.000
1 2 ".l"") -00000 -00000
3 2 =100 =0.000 =0.000
3 2 =500 «333 «333
S 4 =100 =0.000 =0.000
R 2 ~.100  =0.000 -0.000
11 2 -.110 ~0.000 =0.000
11 1 =3.000 «600 =-0.000

JOINT LOANINGS

THERE ARE 2 LOADED JOINTS,

JOINT ¥ FORCE Y FORCE Z MOMENT
) 29.00 =0.00 -0.00
10 10.00 -0,00 -0.00

TRIAL MFMKER SIZES

MEMSER AISC SHAPE EQUIVILANCE

1 wls 30.09 =0
2 “ R 13-00 -0
3 wla 30.10 -9
4 w 3 13.00 =0
S wla 30,00 -0
[ w 8 13.90 -0
7 wln S4.00 9
s vl ’0‘0000 ot !
9 w10 54,00 -0
10 w10 S4e00 12
11 Wlsa 30.00 -0
12 w10 S4.920 -0

Fig. A.8 (continued)
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MEMHER ST/ES AND ACTLOWNS

MBER
W2l

1BER

18ER
vila

1BER
Wle

NUMAE R
8.0

THIS ME

NUMRER
10.00

NUIMHE R
78.02

THIS ME

NHMRBER
22.00

|

ACTIOS
AXTALN SHEARN MOMENTN AXIALF
=3le" 3.55 e146t-10 31.0
VDESIOGN EUWUATIUN VALUES
FURMULA lsb=2 = «0S516 + 8602 ¢+ 0.0000
Muce HAS AXTAL TENSIUN. rORMULA 1.6=183 WAS
THE DES1GIN MUMENT WAS 123 sub THE

BEAM DEFLECTIUN

THIS Heeid UEFILLECTED 7603 INCHES MAXIMUM AT

THe SPAN TU ODErFLECTIUN KATIO wWAS 6477,
7
ACTIONS
AXIALN SHEARN MOMENTIN AXITALF
Zgld ‘0563&‘02 .990 '29.6
VESIGN EQUATIUN VALUES
FO<MULA leb-1a = e luuld ¢ «0217 ¢« 0.0000
FOKMULA jeb=IH = 4685 v «0122 ¢+  0.0000
THE DESIGN MO~NENT was |84 THE
3
ACTLONS
AXTALN SHEARN MOMENTN AX1ALF
~3)e! 37.5 e 129K 404 31.0
LVESIGUY EWUATION VALUES
FOSYMULA l.b=2 = o 1e5] » sB432 ¢ 00,0000
Mt~ HAS AxTAL TENSION., FORMULA leo=1B WAS
THE DESION MOMENT wWAS  250E+ua IHe

BEAM DEFLECYION
THIS HesxM LeFILECTED 7¢od INCHES MAXIMUM
THE SPAN TU UEFLECTION RATIO WAS 424,

AT

4
ACTTONS
AXTALN SHEARN MOMENTN AXIALF
7qol cZUﬁE'OB .25“E'20 "BQB
DESIOGN EGWUATION VALULES
FORMULA 1e6=-1A = + 1SS « «0000 ¢« 0.0000
FORMULA §1.6-13 = «H6H3II «0000 + 0.0000
THe DESION MOMENT Was  J309E=~-06 THE

SHEARF MOMENTF
=7.85 =« 129E+04
= «9118

ACTUALLY CHECKED.
SLENDEKNESS RATIO wAS166,.7

21040 INCHES FROM THE LEFT

SHEARF MOMENTF
05636-02 ‘1-84
= « 7260
= 4778 i

SLENDERNESS RATIU WAS 89.4

SHEARF MOMENTF |
41.8 =~ 236E 404
= «3883

ACTUALLY CHECKEUD.
SLENUERNESS RATIO WAS100.0

1500 INCHES FROM THE LEFT

SHEARF MOMENTF
'o?ObE'OU 03095’06

.7515

«5639

SLENDERNESS RATIU WAS 72,1

Fig. A.9 Member sizes, actions, design values and beam

deflections from the initial run.
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1BER
Wl

1BER
Wle

iBER
wlg

ABER
WlH

NUIMAE R )

26.00 ACTIVNS
AXTALN SHEARN MOMENTN AXIALF SHEARF MOMENTF
=-lasS 149 ) T63. 145 15.7 ~884.
DESIGN EWUATION VALUES
FURMULA l.6-2 = e (632 ¢ «8391 ¢ 0,0000 = «9024
THIS MEMHER rAS AXIAL TENSIUNe FORMULA 1.6-1H WwAS ACTUALLY CHECKED.
© THE DESIGN MOMENT WAS 8bue THE SLENVDERNESS RATIU wAS S3.2

BEaM NEFLECTION
THIS QEAMX VEFLECTED 2139 INCHES MAXIMUM AT 1500 INCHES FROM THE LEFT
THE SPAN TU UEFLECTION RATIO wAS 1403.

NOMBFER 6
22.00 ACTIONS
AATALN SHEARN MOMENTN AXIALF SHEARF MOMENTF
bloé -e 9062 O =609 0962 ‘l““o
DESIGN EQUATION VALUES
FUKMULA l.6=-1A = «S818 + «2128 ¢ 0.0000 = « 71946
FURMULA l.b6=1r = 4366 + «2379 ¢+ 0,0000 = «6745 )
THE OESIGN MUMENT WAS a4, THE SLENDERNESS RATIVU WAS 72.1
NUMBE R 7
43,00 ACT 1005
AXIALN SHEARN MOMENTN AXIALF SHEAKF MOMENTF
22.‘ 16.4 .1’59LOJ4 -21.5 . =164 870
DESIGN €UWUATION VALULES ;
FORMIJLA 1,6-2 = el ¢ 1.0582 + 0.0000 = 1.1718
THE DESIGN MOMENT WAS 153E+04 THE SLENDEKNESS RATIO WAS 79.4
NUMKER A
50.00 ACTIONS
AXTALN SHEARN MOMENTN AXIALF SHEARF MOMENTF
o 725E=-0) T.08 -582. -e729E-01 23.8 ~«186E+04
DESIGN EWUATION VALUES
FORMULA l.6-2 = «0003 ¢ 29497 ¢+ 040000 = «9500
THE DESIGN MOMENT WAS o 1BRE+04 THE SLENDERNESS RATIO WAS 40.7

BeEaM DEFLECTION
THIS sEAHM DEFLECTED 1907 INCHES MAXIMUM AT 120.0 INCHES FROM THE LEFT
THE SPAN TU VEFLECTIUN RATIO WAS 1573,

Fig. A.9 (continued)
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1d4ER
wla

M3ER
vla

MBER
wlA

NHUMSE R
43.00

NIMBER
43,00

NUIMBE K
35.00

MBER NIIMRIER

wla

43,00

9

LCTIONS
AXTALN SHEARN MOMENTN AXIALF SHEARF MOMENTF
45.¢ 13.6 «103E+04 44,7 =-13.6 +101E+04
VDESIGN EWUATIUN VALLUES
FOSMULA Lleb6-1A = « 2326 ¢ «684S5 ¢+ 0.0000 = «91170
FORMULA L.b=11 = «lobl ¢ «6831 ¢« 00,0000 = « 8492
THE UVESION MUMENT WAS 4 1U3E+U4 THE SLENDERNESS RATIU WAS 79.4
INg
ACTIONS
AX[ALN SHEARN MOMENTN AXIALF SHEARF MOMENTF
lu-l '3.51 "2870 "1305 3-51 "239-
DESIGN EJUATION VALUES
FORMULA l.6-2 = «N723 + «1910 + 0.0000 = «2633 .
The DESION MO“ENT WAS 817 THE SLENDERNESS RATIO WAS 79.4
11
ACTIONS
AX]IALN SHEARN MOMENT N AXIALF SHEARF MOMENTF
l-"b 13.‘3 239. ‘1305 20e4 '-lllt’Olo
DESIGN tUUATION VALUES
FURMULLA l.b~-¢ = e O]l «9223 + (.0000 = «991)4
THE DESION MUOYMENT WAS  +117E+04 THL SLENDEKNESS RATIU WAS 42.6

BEAM DEFLECTION

THIS HE4iM UEFLECTED  ,253+ INCHE> MAXIMUM AT 150.0 INCHES FROM THE LEFT
THE SPAN TU UVerLECTION KATIO WAS 1182
12
ACTIONS
AXTALN SHEARN MOMENTHN AX1ALF SHEARF MOMENTF
2(,0‘) 13u5 852, =204 -13.5 .ll.’E’n"
DESIGH EQUATIUN VALUES _
FURMULA 1.6-2 = «d073 # « 7807 ¢+ 0.0000 = .8882
THE OESIUN MOMENT WAS +117E+04 THE SLENDERNESS RATIU WAS 79.4

Fig. A.9 (continued)
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allowed to control the size of the pair. The reverse was the case and
member 7 had an overstress.

The understressed members were picked because the program could
not find a lighter member which had interaction values closer to, but
not over 1.03. Table A.2 shows the member sclections and results for
a second run in which lighter sections were tested for adcquacy
(IOFLAG=1). - These new sections were chosen to be as closc in weight to,
but lighter than the sections sclected in the first run. Improved
sections were found for only members 2 and 4. All the other sections
tried were overstressed. The program did not pick the two lighter
sections because of the lighter section search routine used in the
program. This routine is not as effective for lightly loaded columns
whose optimum section lies below the nominal depth of the adequate
section the program currently has.

The final check of the final member sizes is also shown in

Table A.2.

A.8 Storage Adjustments
If more (or less) storage is required for the program, only the
following statements need to be changed:
Common Blocks and Dimension Statements
ARRAYS VALUES NEEDED

MSIZE, AL, IPIN, CT, ST, NM, JC, KC,
IBC, X, Y, DL, SETSIZ, MOSIZE,
FYIELD, BRCEX, BRCEY, YMFE, YMNE,

(Number of Members)

IEQUIV

AJ, DJ, AJO, FIXYZ 3*NJ (Number of Joints)
AMF 6*NM

S (3*NJ, Bandwidth)

/LOADS/ Common Block = : Number of Member Loadings.
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Table A.2 Design example summary.

Member Run 1 Run 2 Run 3
Inter- Inter- Inter-
Number | Section| action | Section| action | Section| action
value value value
1 W21 x 68 91 W24 x 61 1.44 W21 x 68 .90
2 W 8 10 w22 W o6 x8.5 .80 W 6 x8.5| .80
3 W14 x 78 . 89 Wi4 x 74| 1.04 [W14 x 78 .88
4 W14 x 22 .75 W12 x 19 1.01 W12 x 19 1.02
5 W14 x 26 .90 W14 x 22| 1.09 |W14 x 26 491
6 W14 x 22 <79 W12 x 19 1.17  [W14 x 22 .78
7 W14 x 43| 1.17 Wi4 x 53 .99  [W14 x 53 .98
8 W18 x 50 +95 W18 x 50 .94 W18 x 50 .94
9 W14 x 43 .92 W14 x 53 .71 |W14 x 53 .72
10 W14 x 43 .26 W14 x 38 .33 [W14 x 43 .25
11 W18 x 35 .99 W18 x 35 .97 |W18 x 35 .99
12 W14 x 43 .89 W14 x 38} 1.20 W14 x 43 .88
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A.9 Numerical Error Analysis

Checks were made of the accuracy of the analysis. Two methods were
used: statics and the method of residual correcctions.

Static checks wefe made by constructing a free body of a joint or
member and checking the requircments of statics. The cxample below is

a check of an interior joint of the multi-story X braced frame:

389.

0.1

A

29.3
5.95 C D I b 9.6
887. 695. #
222
16.2 % ) 15.0
3.75
420.

FH =9.,6 + 0.1 - 3.75 - 5.95 = 0.0

FV = 420. - 16.2 - 15.0 - 389. = -0.2

M = 887. + 29.3 - 695.- 222. = -0.7

The small discrepancies in Fv and M are insignificant and probably
have occurred because only threce place accuracy was used in the computer

printout.
The method of residual corrections is a more sophisticated
technique which can give an accurate idea of the round off errors which

occur during the analysis. The set of stiffness equations:

(single precision) S*DJ=AJ (A.8)
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is set up and solved using single precision operations. The DJ (unknown)
matrix is then printed out. Then, using double precision operations,
the DJ matrix is read back in and and S and AJ matrices are formed again.

The S matrix is multiplied by DJ:
(double precision) S * DY = AJe (A.9)

to form AJe. If the solution obtained from Equation (A.8) contains no
round off error, then AJe will equal AJ. However, computing the simple
difference between AJe and AJ would not show how much error the round

off has caused in the DJ matrix. This can be found by solving:
(double precision) S*E=AJ - AJe (A.10).

Of course, the E matrix should be very small.

This test was run on the rigid frame with a wind loading. The
maximum round off error found was less than one percent of the cor-
responding term of the DJ matrix, proving that round off error is not

significant.

A.10 Possible Improvements in DESIGN1
Throughout the use of DESIGN1, several inadequacies have been

noticed and improvements have been suggested. They are discussed below.

A.10.1 Minor Axis Orientation

A useful addition to the program would be a provision which would
allow a member to be declared MINOR, which would cause the program to
treat the minor axis as the in-plane exis of the mcmber. The only
modification in the analysis loop would occur in FORMSM. When MINOR
was declared, the subroutine would have to be instructed to find and
use Iy rather than Ix' Subroutine EFLEN would also need this

modification.
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A.10.2 Pinned-Fixed Members

In its present form, DESIGN1 is only capable of handling pinned-
pinned or fixed-fixed end conditions of a member. The analysis routine
was originally for only fixed-fixed members, pinned-pinﬁed members were
introduced by reducing the moment of inertia to near zero (see Section
A.3.3.2). Creating a pinned-fixed capability would be somewhat more
difficult. Subroutine FORMSM would have to be modified to form the
member's pinned-fixed 6 x 6 stiffness matrix, instead of the fixed-fixed
or pinned-pinned matrix. IPIN=2 could be the flag for this. Modifi-
cations would also have to be made in subroutines FIXEND and WTFEA to
allow them to compute pinned-fixed end actions, and in EFLEN to modify

girder stiffnesses for known end conditions.

A.10.3 Variable and Non-I Shape Sections

Presently, DESIGN1 can only work with standard AISC rolled shapes.
Plate girders, box columns, haunches, and other useful structural
modifications are not allowed. Additional provisions for the design of
these types of members would be extensive. However, it could be made
possible to input the entire member stiffness matrix directly into the
analysis routine, bypassing FORMSM for the member. The design loop
would also have to be bypasscd for this particular member. The user
could also be given the option of adding to Table A.1. Required section
input would be area, Ix’ Iy’ etc. SETSIZ would have to be used on these

members.

A.10.4 Moment Reductions to Column Faces
DESIGN1 now assumes that the members are lines, and no reductions
are made in the moments to allow for the finite size of connections.

Subroutine PVM could easily be modified to reduce beam moments to the
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column faces. It would only be necessary to find the appropriate column

depth in the member properties, and interpolate to the column face.

A.10.5 Allowable Stresses in Bracing

One obvious deficiency in DESIGN1 is the inability of the program
to allow higher axial stresses in bracing elements of the structure
(AISC equation 1.5-3). Only a few modifications would be required in

the computation of allowable axial stresses to accomodate this.

A.10. 6 Drift Limitations

With extensive modifications of the design loop DESIGN1 could be
used to automatically stiffen frames to reduce wind drift. The frame
could be split into sections, such as upper beams, middle interior
columns or lower bracing, and the best section could be found and
stiffened. This process would be repeated in steps until the frame

meets the drift requirements.

A.10.7 Improved Trial Member Selection Procedure.

Improvements could Se made in subroutine SIZE to help it pick
better trial member sizes. The routine for member selection should be
rapid, because the analysis-design load is.the best routine for member
size selection. Any computational technique which required a signifi-
cant amount of computer time (as compared to the analysis-design loop)

would be inefficient.
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APPENDIX B



Appendix B

This appendix provides a listing and a brief description of

Program DESIGN1.

B.1 The Main Program

Line Content of Lines
001 - 032 Storage assignments, initialization and descriptive
statements.
033 - 074 Read input data and write input echo.
075 - 083 Compute member lengths, sines, cosines.
084 - 098 Zero somc matrices as neccessary.
099 - 145 Read in or internally select trial member sizes;

read in, echo, and store member and joint loadings.

146 - 157 Compute and store member self-weight fixed ecnd actions.
158 - 166 Begin analysis loop, zero stiffness matrix.

167 - 198 Form the stiffness matrix.

199 - 207 Modify the stiffness matrix for boundary conditions.
208 - 209 Solve for the joint displacements.

210 - 224 Compute member end actions.

225 - 236 Check maximum drift dcflection.

237 - 249 Begin design loop.

250 - 258 Compute effective lengths.

259 - 266 . Compute fa’ end moment ratio, and check to see if

member is in compression or tension.

267 - 274 Compute the design loadings.
275 - 283 Initialize nominal depth indicator, II.
284 - 295 Decide whether or not to pick section from the economy

tables; if so, choose initial economy table shape.

296 - 322 Check depth limits.
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Line
323 - 344
345 - 364
365 - 378
379 - 434
435 - 458.
459 - 480
481 - 484
485 - 503
504 - 524
525 - 538
539 - 550
551 - 554
555 - 568
569 - 580
581 - 597
598 - 664
665 - 666

Content of Lines

Initialize section properties.
Compute F_, fa/Fa°

Compute Cm.

Compute Fbx’ Fby’ fbx’ fby'
Compute interaction equations.
Output section.

Test the interaction equations.
Change member size.

Search for a better section.

If member size has changed, trip flags and adjust
member self-weight loadings.

Adjust equivalencies for member self-weight loading.
Control.

Change AMF matrix back to pre-analysis values.
Control.

Output.

Format statements.

Terminal statements.

B.2 DESIGN1 Subroutines

Subroutine

Name

SETUM

DEFLET

WTFEA

Description

Called after the number of iterations set by the variable
INTS to examine the member size change pattern. If an
oscillation is present, this subroutine will set the
member size.

Called during the output section to compute deflections
along a beam span.

Computes the member self-weight fixed end actions.
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Subroutine
Name

SIZE

FORMRT

FORMSM

MULT

INDEX

BNDSOLV

FBCB

FIXEND

EFLEN

PVM

STORE

C15141

TABLEC

- Description

Selects an initial member trial size if called.
Selection is bascd on span to depth ratios.

Forms the member rotation-translation matrix which
relates structural and member coordinate systems.

Forms the member stiffness matrix in member coordinates.
Called to multiply two matrices together.

Called to index members to their corresponding terms
in the S, AJ and DJ matrices.

Called to perform a Gauss climination on the symmetrical,
banded stiffness matrix to find the joint displaccments.

Called if Section 1.5.1.4.6a of the AISC code is
applicable. Returns an allowable bending stress be-
tween 0.6F and 0.66F_.

b 4 4
Computes the fixed end moments for member loadings.
Computes the cffective length factor for columns.

Computes the design actions for the design loop.

Takes the FEA matrix and stores it in the AJ and AMF
matrices.

Checks the compactness of beams.

Called during the computation of Cm to select the

appropriate case from Table C.1.6.1.2 of the AISC code.

B.3 Listing of Program DESIGN1
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OPOARRAM NFSTIANY]

PROAGRAM DESTGN)

CDOC 40n FIN VI N=P36Y

1(IMNAUT W OUTPUT o TAPFE=INPUT « TARF A=0UTPUT « PUNCH)

~  THIS PROGRAM HAS 3 BASIC SFCTTONS...
C
c C DIMENSTON AND COMMNAN STATFEFMENTS
COMAN/NTSC/MSTZF (20R) oFEA(R)

INPUT,

ANALYSTSs AND DESIGN

AME (124R) s AMT {6)

COMMAN/FSM/SM(ALA) e ARFA(213) s Fou AL (20R)sTX(213)s IPIN(20R)

AOMUNN/FRT/RT (Aeh) o
) FOMUNNZILDADS/MENM(RN) s JCONF (RN) o
1 COMUON/STIMFN/S(R)2e30) s AJ(3]12)

CT(208) «STIP0RY RTT (AsA)
RPLOAD(AD)
DJE312)

PN(R0) »
AJO(312)

RF (A0)

FOMIAN/DFFG/JC(PNR) sKC(208) « TN (A) e TBC(208) FIXYZ(312)

COMMAN /DY /M. ML NADS
COMUANZEFLZY (209) 4

AMX o
FKe

P7,
NM o

MOM(9)
SHAY,

COMUNN/FECON/Z/KK (1A) e KJ(1A) s NHN(1A)
COMINN/COMP/FA. FYIFLD(20R) sCOERP{213)
13) s BRCFX(2NAR) «~TF(2173)

ATHMENSTINN SHMR(~sA)y N(A)

-y
Ny

TEMP (646)

PIE
COMHON/LTMS/DL (20R) + SETST7(208) «MOSTZ7E(202) « INT
CWT(2173)

X(278) NINTEN

INTS

CTW(213)« CBF(213)+ CDAF (21

NIMENSTION GSFCT(213) s CSXX(213)s CPXX(213)s CSYY(213)s CRYY(213)

? 1CPT(213) e TFCON(SA)
NIMFNSTON RRPCEY (20R) sy YMNE (20R) o
INTEGFR DL
PEAL IXy MOM
DFAlL MRXs MPY, KLX,
PIF = 3.,14]15976536
TNT = 0_
YMAX = N,0

SETSIZ

KLYy L

6 4]
A

REAN TN DATA

GEOMETRY
PFEAND (Ss1) NJoe
1 DFFFL, MAXRAND
IF (TPFLAG,GT) TPFLAG
IF (INTS,EN,N) TINTS = §
TF (NFFFLeLFa0en) DNEFFL =
TF (INOUT.NFL0) 60 TO 701
VRITE (Ae50) MJe NMe Eo SWAY,
o TF (TGRAV.ENG1) WRITE (Ae77)
IF (IGPAVLFN,?2) WRITE (6.7R)
MRTTE (FAeS1)
nO 10N T=1,
13 =1 =3
PEAN (542)
1F
1F

MMy Fy SWAYe INTS

3

L
qééoo

INTS

"1 NJ

IMe VIUN) o
(Y(UN) AT e YMAX) YMAY =
(INDUTNFL0) GO TO 100

65
Y (JN)

YMFE (29R8) 4

TOFLAG,

X(IN) o FIXYZ(13=2)e

TIEQUIV(20R)

IGRAV. IPFLLAG, TMNOUT,

FIXYZ(I3=1)s FIXYZ(I3)

WRTTE(6952) UNe X (UMD s Y(IN) e FIXYZ(I3=2)e FIXYZ(I3=1), FIXYZ(I3)

1rn CONTINUF

~
C READ IN MEYBER INDTYCFSe PROPERTIES =--

S

TF (INOUT.NFoN) GO TO 702
WRTTF (AeS)

<5 702 DO 101 T=1, NM
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115

1"

PROGRAM

DO

Y

NESIGNT CDC /40N FTN V3.0-P3465 OPT=1

PFAN (S41) My (M) y KC(M)s FYTELN(M) s RRCFX{(M)s BRCFY(M)y DL(M),
LYMUF (M) s YMFF (M) 4 TRC(M)y TPIN(M), <SETSIZ(M)
IF (13C(M) ,FQa1. ANDLOLIM)FQ,C) DL(M) = 14
TF (DL (M) FN,0) DL (M) = 34
TF (FYTELD (M) oFN.0eN) FYTELD(M) = 3640
IF (INOUTLNF.N) GO TO 101
MRTTF (6eG4)Me IC (M) KC(M)s FYTFLD(M) s BRCEX(M)e BRCEY(M)y DL(M)»
1YHUME (M) g YMFE(M)e TRC(M) s IPIN(M), SETSTZ (M)
101 CONTINUE

REAN IN AISC SHAPES. FCONOMY TARLF REFFRENCES

PEAD (SeS) (KK(T)e KJ(T) e NN(I),yI=1416)
nn o142 1=1, 213
DFAN (Se4) CSECT(I) e CWT(T) e ARFA(T)s CDFPII)e CRF(I)y CTF(I)»
JCTA(T)y COAF(I) s DUM3, IX(T)e CSYXX(I)y CRXX(T)e DUML,
2CSYY (1) e COYY(1)e DUM4, NUM2, CRT(I)
102 CONMTINUF
PEAN (S«S)(TFCOM(T) e I=1054)
COMPUTE _STN 0S| ENGTHS OF MEMBERS,
nNO 1n7 T=1s NM

JJ = JC(])
KL = KC(T)
XL = X(KL) = X(.)J)
YL = Y(KL) = Y()J)
AL(I) = SORT(XL*XL + YL#YL)
ST(I) = YL/ZAL(I)
107 CT(T) = XL/ZAL(D)
ZFRN Sn4F "MATRICIES
NA = NM26
MJY = NJ23

N0 108 T=1.MA

103 AN (T) = 0,0
nn 103 T=1. NJI

179 AJN(T) = 0.0
nNO 623 =14 NM
TFontver) = 0 oo
TF (SETSIZ(T).L7.0) GO TO 111
MSIZF(I) = SETST7(1)
QRETSI7Z(T) = SETSIZ(I) + 424

- 60 TO 923

111 MST77(1) = ¢

G223 COMNTTINUF

THE NFXT STATFMENT DFTERMINES WHETHER THE PROGRAM SIZES THE MFMBERS

OR THE TRTAL ST7ES ARE READ IN
NEED (Seh) MFMTOLT
IF (UFUTRI,FN.NY GO TO 103
N) 104 T=1, NM
EEAN(S.78) My MST7F (M) e IFQLITVIM)

1043 TF (SFTSTZ (M) (T N) MSI7E (M) = SETSTIZ(M) = 424K

REAN TN MFMBER 1LOANTMGSe COMPUTF FFAS. STZF MFEMRBRERSe. BUTLD AJ

FIXFND SU3ROUTTNFE wOITTEN RT GNORDON PENFOLN, THANKS GOROON

193 ©5AD (548) MLOANS
TF (MLOADS.F0.0) GO TO 117
IF (IMOUTWNF.0) GO TO 703
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-
hiE

127

-
N
n .

1%

135

14

145

155

165

PRAGRAM

> Xz 1 L

EeY

D

CESIGN] CDC /40N FTN

WRTTF (A«S7) MILLNANS
703 PO 106 T=1. MLOADS
PEAD (545) MFM(T)s JCONE(TYs RLOAD(T) s RN(I), RF(I)
IF (IGRAV.FNL2) RLOAD(I) = RLOAD(T) # 0,75
M o= MEM(])
TF (INOUT.NF.0) GO TO 704
WRTITF (AeSR) MEM(I)y JCODE(T) e RLOAD(T) s RN(I) e RF(I)
706 CALL FIXFND (My1) :
1065 CALL STORE (M)

RFAD TN JOINT LOADS

117 FEAD (S.A) LOADPS
IF (JLOADS,.FQ.N) GO TO 113
IF (INOUT.NFa0) GO TO 7085
WRITE (A.59) JLNADS
775 02 115 T=1. JLOADS
PEAD (Se10)  JMe (FFA(J) sJ=1,3)

Jl = JN & 3
TN(1) = J3 - 2
IN(?) = J3 - |
IN() = J3

no 110 TA=1. 3
IF (IGRAV,FN,2) FFA(IA) = FEA(IA) » 0.7S
MA = TN(TA)
110 AJD(MA) = AIJO(MA) o FEA(TA)
IF (INOUT.NELN) GO TO 115
WRYITFE (Ae60) UNe (FFA(D)sJ=143)
115 COMTINUF

SI7F THF MFHUHRFES [F [T HASNT RFFN NDONF ALRFADY
113 PN 114 T=1, NM _
TF (4SI7F (1) NF,0) GO TO 114
CALL SIZFE(T)
114 COMTINUF
IF (IMOUT.NF,0) GO TO 706
112 WRITF (AS5%)
SFT UP FOR UEMBER WT FFASs CO“PITATIONS
706 DO 118 T=1e NM
IF (IFQUIV(T) «fATaN) SETSIZ(IY = MSIZF (1) + 426
MOSTZE(T) = 1
M = MSIZE(I)
IF (TNONT.NT.N) GO TO 707
WRTTF (AeSA) T CSFCT(M)s CHWT(M)s TIFQUIVI(I)
INT CAIL WTFFA (TsCwT(M)olan)
112 CALL STORE(T)
END TNPUT SZCTTION
ANALYSTS SFCTION
7FP0O S MATRIX
122 184aMn = 0
RIA = 1.0FE+«AN
A4 TNT = INT + 1
N0 Rl6 T=1. NJI
AJ(T) = AJN(T)
NO 816 J=1. MAXDAND
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PRNGRAM

17°

18°

19°

19%

21

21°

227

W 55 e i

b Ll Rowr 1

Ly g

DESIGN] CDC 6400 FTN
f16 S(T+J) = 0,0 "
FORM THE S MATRIX

NO 126 T=1, NM
FOPM PT. RTT MATRICES

CALL FORMRT(T)
FORPM THF SM MATRIX

MSTI7F = MSIZF(I)

IF (SFTSTIZ(T) ol To214) SETSIZ(I) = MOSIZF(D)

MOSTZE(T) = MSTIZE(]D)

CALL FORMSM(TNSIZE)

COMPUTFE SMR = RTT#CM#RT

CALL MULT (PTTehs69SMehsboTEMP)
CALL MULT (TFMP.A969RTeH3A4SMR)

STORE SMR IN S

CALL INDEX(T)
NN 126 J=1s 6
NN 125 X=14 &
JJ = IN(WJ)
KL = TN(K)
1F (JJ.6Te%XL) 6N TO 126
KL = KL = JJ +
TFST FOP MAXIvHM kK« TO GFT TRAND
TF (KL.AGTLTRAHDY TRAND = KU,
IF (I3ANDG| FaMAXRAND) GO TN 128
WRTTE (Aeb1)
A% TN 1AAON
122 cONTINUYF
MODIFY S FOR unnNpoy CONDITIONQ
IF (KLATe1) GN TO 132
TF (FIXYZ(JUN)aFNgNe0) GO TO 132
S(JJe1) = BIG
AJ(JJ) = A0
137 CONTINUF
S(JJeKL) = S(JJ.KL) + SMR({JK)
12~ COMTINUF
124 CONTINUF
SOLVE A = S#D
CALL 8NNSOLV  (NJoIBAND)
FORY AMF = Si4#R7#D.) + FEA
NO 134 T=1e NM
CALL INDEX(T)
NY 134 TA=]e K
M = IN(TA)
136 N(TA) = DJI(M)
NSTZ7E = MSIZF(I)
CAlLL FNRPYSM(Tes MNSTZF)
cALL FNRMPT(T)
CALL MULT (SMyhehyPRT4hebyTEMP)
AALL MULT (TFMPeAReheDekoeleaM])
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?2¢

23

23%

26

245

265

27

27=

PROGRAM

0

Ly My 1L

c
.

CFSIGN1

ADD AM] TO AMF
N0 136 TA=le 6
A% (T-1) + 1A
ME (M) + AM1(TA)
CHERK DEFLECTION LTMITS
(INOUT.LT.2) GO TO 712
= 1.0 /7 DEFFL

FIND MAXIMUM X DEFI FCTTON

134

710

M =

AMF (M)

2z A

« NJ
I-1) »

CDC A40N FTH V3.0-P36S

1

(NDJ(KL) GT.NDAF) DAF = DJIKL)

IF

NEFFI

DAF = 0.0
no 714 T=1
KL = 3 8 (
IF

CONT INUF
YMAX = NAF
1F

1F

/YMAX

(YMAXLF,NEFFL) INOUT = |}
(INOUT.65.2) GO TO 822

DESTAN SFCTION HOOK
SOVF OF DFESTGN SECTION WRITTEN BT RRTAN PENNER.
712 1CHAN
HEGIN DESIGN 1 00P
R4 NO 142 M=1, NH
TTEN
INTER

T3

TF
1F
J =
Jo

=0

)
=0

ue

THANKS BRIAN

(SETSTZ (M) oGTL213.ANDLTOFILAG,EQ.0) GO TH 142
(SFTST7 (M) eGT 26 ANDLINFLAG,NES1) GO TO 142
MSIZE (M)

MEMF X
COMPUTF KLXo
K=1,0 FOR ALL REAMS AND PINNEN MEMRERS

FK
IF
TF

L
LY
KL
L?
FA
TF
MR x

L2

J

1

=9

o N

KLY

(TRC (M) JNF L1 ,NRJTIPIN(M) ,EN.1) GO TO 146
(ST(') el Te0.25) GO TO 144
CALL EFLEN

rn -~

FKRROCFX (M)

RECE

(M)

Y (M)

A (M=1)+3

K

L+ 3

ARS (AMF (KL+1))/AREA(J) X
(AMF(L?2) FQaen,0) AMF(L2) = 0,001
AMF (rFL)Y/ZAMF (L2)

A3S (MQY)

A (M=) +3

LS

L+ 3

eATe 1o0 ) MRX = 1,0/MRX

TF (AMF(KL=2).LT7.0.0) ITEN = 1

COMPUTF

153

TECTRC (M) JNFN)

TF

CMX
11

MAXTM UM MOMFNTS, AXTAL LOADS
P IS ASSUMEN CONSTAMT FOR ONFE MFM3ER
NINTEN

=0

GO TO 153

(IGRAVNF,1) GO TO 153"
cALL C1S14) ~
CALL PVM (CWT(J) s AMXA)

1

n.AS

%
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PROGRAM NFSIGN1 cDC w40 FTN

150 TF (JoGT.KJ(IT)) TI=T11+1 _
TF (JeGTKJ(TI)Y GO TO 150
152 WTCHFCK = 1000.9

. JM = N
2R JP = ¢
TFLAG = 0
JFLAG = 0

FA = P7/ARFEA(J) ) )
) IF (IBC(M) ,NF.O,NR,FA/Z(FYTFLD(M)®#0,6)oGTe0,15) GO TO 156

2as f WANT TO PJCK FROM €CONOMY TARLES

I (IOFLAG.FQ,1) GO TO 156

JFLAG = 1

AKYT = CWT (J)

CKNP = CNFR(J)
2q° NY 151 JJ=1.56

T7 = TFAON(J))

IF (CWT(IZ) JLT.AKWTLORLCNERP(TZ) ,LT.CKDP) GO TO 151

J = 12

A TN 156
298 151 FONTINUF

MFILAG = 0

156 ~ONTINUF
INTFR = [NTFR + | i
IF (INT.GT.2.ANNINTER.GT.25) GO TO 650

373 IF (INTFR.GT.50) GO TO 650
' IF (JeGT.N) GO 10O 828
J =R
SFTSI7(4) = J + 213
i GO TO 650
3INe A28 CONTIMNUE

TF (JoFN216) J = 122
THIS SFOTINN NFALS WITH DEPTH LIMITS
TF (INFLAG.F0.1) GO TO 157
TF (D«GT.NNITI)Y TI=11e1
11 TE (JeLTLKJ(ID)Y IT = IT =)
TF (ML (M) GELK¥(TI)) GO TO 167
TF(MEFMEXLEN,0) AN TO 161
J = MEMEX
G0 TO &SN
31§ 161 TF (JFLAG.FN,1) GO TN 163
WRTTF (A.6R) M
PL(M) = 36
AN T0 157
163 JFLAG = A
32" 17 =11 -
J = KJ(ID)
TRC (4) 1
187 KXFLAG 0
KYFLAG n
3¢ SECT = CSECT(N)
= CWT(J)
A7 = ARFA(J)
NEe = CNHFP(.N
) = CRF(J)
13 TF = CTF(J)

 EYF
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PROGRAM DFSIGNT CDC w4GH FTN

TW = CTW(J)
NAF = CNAF (J)
SXX = CSXX(J)
PXX = ARXX(J)
33¢€ SYY = CSYY ()
RYY = CRYY(J)

FY = FYTELD (M)
L = RRCFY(M)
IF ( WT .GT. WTCHECK ) GO TO 420
4 GO TO 140 )
1SR TF(JY +FQe UM (AR, JJ LEQ.JP) GO TO 30n
J = TECON(JD

69 TO 156
160 FA = P7/A2
145 SRX = KLX/ZRXX
SRY = KLY/RYY

) TF (I0FLAGLFNL1) GN TO 145
€ CHECK SLENNERNESS PATIOS .
TF (SRXeGTe200e7s0RWSRYGT200.,0) GO TO 200
35 145 COMTINUF .
TF (SRX,FO,N,0) SRX = N,091
TF (GRYFN N, 0) SRY = Nn,00)
MOW COMPUTTHG ALLOWAKLE COMPRFSSTIOM LOADe EN, 1.5-1" STEFL HANDHBOOK,
NUM2 = SRX
358 TF ( S®X W1.T. SOY ) SRX = QRY
CC = SQRT (2, #*DIE®S> & E/FY)
cOM = SRX/CC
TF ( SPX 4GT. £ ) 6O TO 1A?
FS = §,/3: ¢ 0,75%C0ON = N, 1258 (CONa83)
16 FALL = FY®(],=0,5%(CON2#2))/FS
GO TN 1AL
e NOW COMOUTING THFE ALLOWARLF COMPRFSSIOM LOAD. FO. 1.5-2 STFFL HANDBOOK,
162 FALL = (1240 # OTE®#2 & F )/( 23,0 & SPx#823 )
1646 P] = FA/FALL
265 C  COMPUTFE CMX, CMY
IF (INTFRGNF,1) GO TO 718
KL = JC(M)
L2 = KC(M)
TF (Y (KL) eGTeSWAY.OR,Y(L?) .GT.SWAY) GO TO 718
37 CMY = 0,6 = 0 46nMRX
TF (CMXLToNes) CMX = 0,4
N0 713 TA=}. MLNADS
TF (MEM(TA) MEL) GO TO 713
GN TO (T1Ae7164371A9713e713e7134714) JCODF(TA)
kN A 716 CALL TABRLEC (DuUM1)
CMY = J.0 « DUM) # FA / ((12,0%PIFea248F) /(23,08 (DUMR842)))
A0 TN 718
713 “ONTINYF
THF PRNGRAM [N ™OW MAKING A PPELIMINARY CHFCK OF EQUATIONS 1-6-13
AMND 1 .6=2 IN The AISC STEFL HANDBOOK, A
718 TF ( R} «GTe 1eN3 o AND o INFLAG «NF o 1 ) GO TO 200
CKWT = ARS (YMNF (M))
CK'\D = A;IS(YMFL'(M))
AMY = AMAX)] (CKwT.CKDP)
EY-15 1FRXCHE = N h6 # FY ¢+ N,8

N

20O

3R
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PROGRAM NESIGN] cDC A400 FTN

FRXCHFC = TFRXCHE
R2TEST = ( AMX/SXX ) /FBXCHEC
IFAYCHF = 0,75 # FY + (0,8
FRYCHEC = TFRYCHF
1q° PATFST = (AMY/SVY )/FBYCHEC
TEST = R2TFST + RATEST )
TF ( TEST 46T 1403 « AND o [OFLAGs NE o 1 ) GO TO 2090
FAX = Q.0
[FRTRAL = N ,A0 ® FY ¢ 0.9
195 FHTRT = TFATRT
RAT = A K#CRF(J)Y/CTF (J)
CALL C15141 -
TF (NINTEN,NF,1) GO TO 170
IF ( FY «GF, 90,0 ) GO TO 172

400 TFAX = P.h6 * FY + o5
FRX = TFBX
60 TN 173

17¢ TF (NINTEN,NF.?) GO TO 173
ARNT = 9S,.,n/SORT (FY) )
4AS IF (AROT «LT. RNT ) GO TO 173
IF ( FY GF, 90,0 ) GO TO 72
¢ NCW COMPUTING THF ALLOWABLF RENDING STRFSS, 1.5-5 STEF!L HANNBOOK.
IF3X = FY # ( 0,733 = 0.,0014 # ( 0,5 # CRF(I/CTF(JI))#*SORT(FY)) *.5
F3X = JFBX ,
41 6N TO 173
172 FBY = FRTRY
173 TF (RRCFX(MY) 1744 175y 174
¢ WE ARF COMPUTING THF ALLOWABLE BENDING STRFSS IN
~ THF 4AINNR AYTS, SFCTION ]eS5sle6e3 OF THF STEEL HANDROOK,
415 176 ABNT = B2.2/SQPT (FY)
TE (40T JGT, ADOT ) GO TO 175 i
TF  KLY/RYY .GT. KLX/RXX ) GO TO 175
TFRY = 2,75 ® Fy + (.S
FRY = [FRY
4? IF ( FRX «GT, 0.0 ) GO TO 1R}
175 1IF ( FRX «G7. 0,0 ) GO TO 178
TF (AMX AT ARS (AMF (L)) J0R L AMX (GTLABS (AMF(KL))) MRX = 1,0
CHX = 1475 = ].,n5 # MRX & An,3 # (MPX##2)
. TF ( CRX 4GT. 2.3 ) CBX = 2.3
425 CALL FRMB ( CBXs FYs Ly CRT(.)) «DAF4FRTRT+FRX«KXFLAG)
178 TF (YMNE (M) ,FN,140.0RJYMFE (M) .FN.0.0) GO TO 179
. MRY = YMFF (M) /YMNF (M) .
TF ( ABS(MPY) 1 T. 1.0 ) MRY = ]1,0/4RY )
TF (AAYL.GT ARS(YMFE (M)) .00, AMY,GT.ABS(YMNF (M))) MYR = 1,0
43 CBY = 1475 = 1,05 # MRY + n,3 #* ( MRY##2 )
60 T0 1RO
179 €C3Y = 1,75 _
180 IF ( CRY GT. 2,3 ) CRY = 2.3 '
fALLL FRCB ( CBYe FYs Ly CRT(J) sDAF+FBTRISFRY+KYFLAG)
415 18] P2 = (AMX/SXX)/FRX .
B3 = (AMY/SYY)/FBRY
1€ (21e0TeN 1S *NIITEN.NEL]1) GO TO 182
TF (TTENWFN.1) Rl = FA/(N.A%FY)
) IFLAG = 1
YN ¢ THF NFXT CARD CNOMPOTES EQUATION 1.6=?2 OF THE STEEL HANDBOOK.
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PROAGRAM DESIAN] cDC 6400 FTN

SIX = R) + 92 +« R3
TF (I0FILAG,T0.1Y GO TO RO\
IF(SIX «GT. 1.N03) GO TO 290
IF (J0FLAG,T0.2) GO TO 650

465 IF ( SIX +LT. 0,05 ) GO TO 199
GN TO 374 _ :

1R2 D4 = FA/(),AH#FY)
~  THE WFXT CAPD COMPITES EQUATTION 1.6-1R OF THE STEEL HANDROOK,
R7 = R?2 + RY + R4

45 FEX = 149900,0/ (DUMPR2D)
CRX = ],Nn
IF ( KXFLAG JEO0, 1 ) CALL FBCB ( CRXs FYs LeCRT(J)sNAFFBTRI+FBXo»
1000 .
. P21 =_(CMX® (AMYA/SXX)/FBX) /(1.0 = FA/FFX)
45% 183 P31= AN

¢ THF NFXT CARD COMPITFES EQUATINON 1.A=1A OF THE STEFL. HANDROOK,
184 A7 = R] + R2) + P73
1IF (TOFLAG.MFL1) GO TO RBOA
f  PART O OUTPUY SFECTION
Hk ang KL = 6 #* (M=]) + |
12 = KL ¢ §
1F (IFLAG.NF.1) GN TO K10
WMRTTF (Aeh1) My SFCTy WTy (AMF(T)oT=KLLP)y Rle R2s R, SIx
TF (TTFN.FNL1) WRITF (6+69)
4AS GN TN R12
R1A WRTTFE (Aeb4) My SFCTy WTe (AMFIT)«T=KLeL.2)y R1e R21y RI1ly A7y Rl
1P?2. R34 R7
~ NOW CO¥YPUTE DFFILECTTIONS FOR THE SPAN
Q12 TF (S2X.6T,SRY) SRY = SRX
47 WRTITE (Re7N) AMY, SRY
IF (ARS(ST('1))anT.0.1) GO TO R13
CALL DFFLET
C SHFEAP CHFCK
13 A7 = N 4®Fy
475 A7 = ABS (AMF (KL+4))
TF (A3S(AMF (KL+1)).GT.R7) B7 = ABS(AMF(KL+1))
a7 = A7/ (DFP#TV)
T (H7,01.FeA7) GO TO 142
WRITF (ARehS) A7, B7
40 60 TO 162 . .
8frK TF ( K7 .GT. 1073 onno A?.GT. 1.0 ) O TO ?_oo
1F (T0FLAG.FN.?) GO TO 650 )
TF ( 87 oLT. 0793 +AND.A7 LLT. N.93 ) GO TO 199
e TO AnA
495 ~  THE NFXT CARDS CHA'IGF THE SHAPE T0O A BFETTER ONFE
199 TF (THNT,GT,THTS) CALL SFTUM (=1+ Je Me NMy TT)
1F (JFLAG.FQ.1) 6N TO 1991
Je = J
Jd=J -1
49 A0 TO 3f6
1691 UM = JJ
JId = JJ =1
60 10 158 )
200 IF (INFLAG,FN,?2Y GO TO 201
405 IF (INToGTLINTS) CALL SETUM (JeJeMeNMoTT)
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PRAGRAM CESIGN1 CDC A4AH FTN

201 TF (JFLAG.EN.1) GO TO 2001
J=J e+ 1
) GO TO 394
) 2001 JP = JJ
511 JJ = JJ+l
63 TN 158
ING TF (JPL.EQRWJ) GO TO 300
GN TO 156
_ 390 WTCHFCK = WT :
515 r  THIS SECTINN TESTS THE DEPTH LIMIT AND SEFS IF ANY SHAPES FXIST WITH BETTER
c PROCERTIES
. MEMEX = J
424 TF ( JFLAG LFO, 1 ) GN TO A%A
TF (JoT.KJ(TI) +1,0FRMFLAGLFR.1) GO TO 439

51 MFLAG = 1
J = KJ(TI=1)
11 =11 -1
GO TO 156
430 JF (KK(T1) (GE.DL(M)) GO TO 650
<15 IT =11 +
K = KJ(TI)

4na TF (CWT(X) (GT,WTCHECK) GO TO 405
TF (KeFEN,NN(TI)) GO TO 40S _ .
K = K & )
52° 60 TO 676 ) )
4nNS TF (K,FOLKJ(TI)) GO TO 6SQ
J=K =1
60 TN 156
) ESA TF (IPFLAGNF 0 ANDGIPFLAGGNE,2) WRTTE (Ae7]) Mo Jy JQs CSFCT(J)
52€ 1°UT(J) s EKe PZ4s AMXs CMXy CMYs FALLy FRX !
TF (JoNTaJN) GO TO 161
TF (SFETSIZ (M) JNELJD) GO TO 142
IF (T1OFLAG.HMF.N) GO TO 142
QETSTZ(M) = J ¢ 213
s1° 60 TO 162
141 TCHAN = ICHAN +
¢ REMOVE AND RFPLACF MFMPER WTS TN FFA AND AJ
CALL WTFFA (Mo CWT(JO)y =1,0)
CALL STNRF (1) :
515 CALL WTFEA (My CWT(J)s 1,0)
CALL STNRE (M)
MSIZF (M) = J
142 FONTTNUF
ND A2 T=1,4 NM
Sa IF (TEQUIVI(I)«FN,0) GO TO R32
J = 1EQUTIV(T) ’
TF (MSTZF(I)4EQ.MSIZE(J)) GO TN R3?
JO = MSTZE(T)
. CALL WTFFA(TSCHUT (JO)+=1.0)
545 CALL STOPE(T)
MSTI7ZF(T) = MSIZF (J)
J = MSIZF (1)
CALL WTFEA (T+CWT(J)91.0)
CALL STORFE(T)
55" A32 AONTINUF
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PROGRAM DESTGN1 CDC 6400 FTIN

IF (IOFLAG.FO.1) GO TO R2?
IF (IPFLAG,NF.0,ANDLIPFLAGLNE.2) WRITE (As72) 1CHAN
1F (ICHANJGFNL.0) GO TO 1100
i CHANGF AMF BACK TO AMF BEFORE ACTIONS WERE ADDED
555 R15 NO AAN [=1, NM
CALL_INDEX (1)
N0 832 TA=1,6
M o= IN(TA)
202 DITA) = DJI(M)
56 NSI75 = MOSTZE(T)
CALL FORMSM (14NMSIZE)
CALL FORMRT (1)
CALL MULT (SM3h,6sRTs6464TFMP)
CALL MULT (TEHP hy69Ns6919AM])
565 N0 ROA TA=1s 6
Moz h #® (I=1) + TA
200 AMF (M) = AMF (M) = AM](IA)

O ]

GO TO 814
¢ WHFN DPOGPAM COMES HEPE NO CHANGES HAVE BEEN MADE IN THE MEMBER SIZES
57° € _INTFRATION

1700 NO 1035 T=1. NM
» 1F (SFTISTZ(1).LT,214) GO TO RIS
1005 CNTINUS .
1F (INFLAG.FQ.N) GO TO A0l
57% 10FLAG = 1
GN TN /2]
An] TOFLAG = 2
50 TH 818
821 VWRTITE (A+62)
59 6D TO RNG
R22 WRITF _(As6A)
Nno AP0 T=1, NJ
KL = 3 # ([-1) + 1
L2 = KL + 2
585 R20 WPTTF (A«67) T4 (NJI(J) JI=KL4IL2)
CKUT = 0.0
no a3n 1=1, NM
J = MSIZF(I)
30 CKNT = CXWT ¢ CwT(J)/12.0%(AL(T))
59 WRTTE (Ae76A) CKUT .
IF (TOFLAG.LT.?) GO TO 10000
r’ PUNCHFD OUTPUT. TABLE
WRTITF (Ae717)
WRTTE (6476) (TCSECT(I)oCWT(I)eI=14213)
595 N R2A T=1, NM
PUNCH 7S¢ Te MSTZEL(TI)
PR COMTINUF , )
FORHAT (2110 eF1N.2eF LN 24S15,FS.0415)
FOQMAT (T1042F1N42e3FS.2)
FORUAT (IS 3F1NPel842F1N.24212416)
FOPMAT (Al PF5,2¢ F&4ePe FSe3s 2Fbe3s FSe3s T13e Fbals FHe2y Flo2s
] FhePe Fhalde Fu,ds Flely F2,00 Féod) ‘
G FORYAYT (16]8)
6 FORMAT (15)
61= 7 FORMAT (215)

>
Y
FY]
S W -
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61"

61<

A?

625

47

613

T A

‘Ql.q

&5

655

6A

PROGRAM

BESIGN] CNC k400 FTM

8 FOPMAT (I10)

9 FOPMAT (215437 14.2)

16 FOOMAT (T1043F1642)
S0 FOPYAT (1H1«®  THIS PROBLEM HASHT4® JOTNTS AND®I4® MEMRERS, #//%

1 THF MODHILUS NF ELASTICITY FAUALS#FQ,2% XSI, wy/®
2 THESTRUCTURE TS UNBRACFN AGATNST SIDFSWAY AROVE#F9,] # INC
JHFS 2/ /% THF PPORLEM WILL ITERATE® 12%# TIMES BEFOPF CONVFRGENCE
4 [S FORCED.#®#/) a

§) FORMAT (1H % JOINT COORNDINATES FIXITY #4/
1.2 NU'ARFR X Y X N; ROT  #4/)

52 FORMAT (1H +T1S54F12414F10.1)
S3 FORMAT (JH)«® MFMBFPR [NNTCES AND OTHER® MEMAER DATA®#///.3x® MEMBER

1 MEARP FAP YIFLD X BOACE Y BRACF DFPTH 0UT OF PLANE
PHADMENTS® /¢ Ax# NIIMRER FNND FEND POINMT LEMNGTH LENGTH L
3IMIT NEAR FND FAR END BMCOL PINNED  SET SIZFE  #)

S FOPHAT (1H 316 eTT7elSaF11.2¢2F1N 2470 9F12e2«F1N02¢[BeI7011MN)

&5 FOADMAT (1H1«® TRIAL MEMRFP SI7FS#.///+% MFMBFR AISC SHAPE EQ
IUIVILANCE®, /)

Sh FNRUAT (IH «TS4AX A4 FAR2TR)

57 FORMAT (1H].# MFMBFR LOANDINGS®.///+% THERF ARF #®#,14,% LOANFD MEMB

IFRS#e//9® MEMREPR JCODE MAGNITUDE P=DIST NEAR R=-DTST FAR®
2/)

S8 FOPMAT (1H «TAR«TI1eF12.34F3,34F13.73)

S9 FORMAT(IH %  JUNTNT LOADINGS®s// % THERF ARE®,13.% LOADEND JOINT
1Se®e0/// 0% Jorny X FORCE Y FORCE 7 MNMENT #,/)

A0 FOPHAT (IH JIAF1N.2)

A1 FORPHMAT (1HN.* HFY==== T NFED MORF BAND WINTH ON THE S MATRIX#)

A7 FODUET (IH] % MEMRER STI7ZFS AND ACTIONG#®)

6 FNOMAT (1HNG/ o* MEMBER MUMRBFR#T4 4/ o3X4AS5F7420 FICHEACTIONS#/41
18X« #AXTALN SHEARN MOMENTN AXTALF SHF ARF MOMFE
2NTF2/ o1SXeAG12,3e//7+1SX#NDFSTGN FQUATION VAL UES®/ 4 1SX*FORMIILA 1.6
3-2 =afFR 4L® oﬂFﬂ.ab +2FR 4% =8FR,4)

64 FOP'AT (IHNG/ o MFMBFR NUMRFROTL4 4/ 33X ASFTa20 IIXHACTTIONS#/ 0 1
JRX«#AXTALN SHFARN MOMENTN AXAlF SHEARF MOME
PNTF®/ Q1SXehG12,3e//79165XENFSIGN FOUATION VALUES®/ «1SX®FORPMIILA 1.6
3=1A =8FR .48 +8F0 48 +BFRA L8 =BFR 44/ 15XRFNPMULA 1,6-1R =#FR 4% of
LFR L% +PFR 4% =8FR,4)

65 FOPMAT(IH % === THTS MFMARFR FATLEDN THE SHEAR CHECK. ALLOWARLE =%,
1FT.2. % ACTUAL =%FT7,2)

66 FORMAT (1H]1.®  JOINT DEFLFCTIONS®,///4% JOINT NO, XTRANS Y1
1PANS ROT#4/)

AT FOPHAT (1H «T1he?Y43F11,.3)

AR FORMAT (JHN.#® THE DEPTH LLITMIT WAS TOO RESTRICTIVE FNR MEMHER®]4#
le TT WAS JHNCRFASED TO 36 TMCHES,#®)

69 FORMAT (1H % -== THIS MFMRFR HAS AXJAL TENSTON, FORMULA 1.6-18
1 WAS ACTUALLY CHECKFED.*®)

70 FOPMET (1H J14X#THF DESIGN MOMENT WAS#G10.3«10X%THE SLENDFPNESS RA
1TID WAS2FS,1)

71 FOPHAT (1H «% MCMRER NO#[3# NEW#T4? OLN®]4® NFW SHARPE = 2A44F6.2
1¢10X47G10:3)

72 FOSMAT (1HAW# NFW SFTe OLD SFT HAD ®#15# CHANGES#)

77 FOOVAT (JH]«* MEMRER RFFERFNCF TARLE®/7)

T4 FORMAT (IHNS(SYeTGe® = #AQFT7,2))

75 FOPHMAT (3117)

TA FORMAT (1HN.*® THFE TOTAL WFIGHT OF THIS STRUCTURE IS#G1S.6%POUND
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PROGRAM DESIGNI CcDC 440H FTN

15%)
77 FORMAT (1H # THIS IS A GRAVITY LOADING.®#///)
78 FORMAT (1H o* THIS IS A WIND LOADING. REDUCTION = 3/4 ON ALL L
. 10ADS.®#//)
665 10800 STOP .
END .

SUAPQUTINE SETUM CDC 6400 FTN

SURPNUTINE SFTUM (NEGPOSs Jde My NMe II)
COMMNON/RPEFS/JC(2NR) «KC(2NR) 4 TM(A) s IBC(2NAB) FIXYZ(312)
COMVNON/FRT/RT(Aeh) g CT(P2NR) 4ST(2NR) 4RTT(64+6)
COMMON/MISC/MST7F (208) oFEA(A) s AMF (124R) «AM]1(6)

S FOMMON/L. TMS/DL (2NR) 9SETSTIZ(208) +MOSTIZE(2N8) «INTe INTS
COMMON/ZECOM/KK (1A) s KJ(16)e NN(16)s CWT(213)
INTFGFEP NDLe SETST?7
IF (SFTSIZ (M) eFNMSIZE (M) sORMOSIZF (M) (FQ«MSIZE(M)) GO TO 103
IF (INT.LT.INTS+2) GO TO 100

1° 60 TO 104

103 IF(NFGPNS.GTL0) GO TO 102

IF (MOSTZE (M) L TeMSIZE(M)) MSIZE (M) = MOSIZE (M)
SETSIZ (M) = MSI7ZF (M) + 213
6N TO 190

15 102 IF (MNSTZF (M) GTMSIZE(M)) MSIZE (M)
SETSTZ (M) = MSIZF (M) + 213
6D 1O 100

104 MSIZF (M) = MAXO(JoMOSIZE (M))

SETSTZ (M) = MSI7F (M) + 213

2 160 RETURN

o END

MNSIZE (M)

SUSPOUTINE DEFLFET CDC 6400 FTN

SURROUTTMNE NEFLET
CHOUMON/MISC/HUSTIZE(2NB) +FFA(A) 9 AMF (124R) +AM] (6)
COMMON/FSM/SHM(A4h) e AREA(213) e Fo AL(29R)4IX(213)y IPIN(20R)
COMMON/STIMEN/S (31237 s AJ(312)e DI(312)s AJO(312)

S COMMON/PV/Me MLNADSe AMXe P74 MNOM(Q)y 7(20R)«NINTEN
COMMON/REFS/ZJC(29R) «KC(20R) « IN(AR) s THC(?2NR) FIXYZ(312)

C THIS SURBROUTIME USFS THE NEWMARPK METHOD TO COMPUTE DEFLECTIONS ALONG THE SPAh

QEAL MOMs IX
T = A®(M-1) + 3

1 N = M4SI7E (M)
AJO(]1) = =AMF(T)
AUN(1]1) = AMF (]+3)
noO 100 1=2,10 _

. 100 AJI(T) = MOM(I-))
1 C COMPUTF ALPHA = M/FI
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WTFEA

SUBPOUTIME

DO 141 T=1,11
101 AJOCT) = AUNCT) Z(IX(N)*®E)
H o= AL(M)/10.0

CNOMPUTF ALPHA RARS,==-==USF PARABOLIC FITS.

AJ(1) = (H/24.M)#(7.0%AJ0(1) ¢ 6.0PAJO(2) =~ AJO(3))
AJ(11) = (H/244n)2(T7.0%4J7(1]1) ¢ 6.0%AJ0(1N)

RO 102 1=2. 10

= AJO(9))

102 AJ(T) = (H/Z12.0)#(AJO(I=1) + 10.0%AJO(]) + AJO(I+1))

T = JC(M)
N = KC(M)
IF (7(I)«GToZ(N)) I =N
I =1#3

AJI(]) = DULT) + AJ(])
no 123 I=2, 10
103 AJO(T) = (AJO(I=1) + AJ(D))
GET THF DELTA YS
NO 1n4 T=1. 10
104 AJOC(I) = AJO(I)® H
AJ(1) = n
NN 105 1=2,4 11
105 AJ(T) = AJ(I=1) + AJO(I-]1)
CORRFCT = AJ(11)®(~1.0)
no 176 T=1, 11
X =1
X = X = 19
104 AJ(T) = AJ(T) + (COPRECT#X/10.0)
FIND THE MAXIMUM DFFLECTION
X aJ(l)
H lef
no 1n7 7=2, 11
IF (ABSIAJ(I)) L F,X) GO T0O 107
= ABS(AJ(T))
=1
ONT INUF
H = ((H=1«0)710.0)%AL (M)
AJ(1) = AL (M) /X
WRITFE (A«SN) Xeo Hy AJ(D)

nu

107

50 FORMAT (1HNslaX#REAM DEFLFCTION®/ 415X ,#THIS BFAM DEFLECTED®#F7.4%

1INCHES MAXTMUM AT#FA.1% INCHES FROM THE LEFT

2Me#/ ¢ 15X#THF SPAN TO DEFLFECTION RATIO WAS®F6K.0)

RETURN
FND

SURRPOUTINE WTFFA (TeWTsA)

CDC 6400 FTN

COMMON/MTISC/MSTZE (208) oFFA(A) s AMF (124R) «AM] (6)

COMMON/FSM/SHM(6he6) s AREA(213)y Eo

AL(20R) «IX(213)

COMMON/FRT/RT(64A) s CT(20R)«STI20R8) +RTT(646)

WT = WT # 0,001 # & ® 0,0R3333333

RL = ABS (AL (1))
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ABS(CT(T))

ABS(ST (1))

WT #RL=CY
WT=RL#CX#0,.5
WT#QL##2#CX*0,0833333
= 0.0

Cx
cY
FEA(Ll) =
) FEA(2)
FEA(3)
IF (IPIN(I).EQ.1) FEA(3)
FEA (&) 0.0
FEA(S) FEA(2)
FEA(6) -FFA(3)
WT = WT # 1000.0 # 12.0 ¢ A
RETURN
END

W

SURPOUTINE SIZE
SURRNUTINE SIZF (M)
COMMON/FCON/KK (1A) 4

5 COMMAN/FSM/SM(Aeh) s AREA(213) s Fo
COMMON/MISC/MST7F (20R) «FEA(6) »
INTEGER DL ,
DEP = AL (M)/15.0
IDFP = DEP

15 IF (DL (M) «LTLIDNFP)

DO 1IN0 T=1. 16

JF (KX (TI)eGFe l[)FP)

CONT INUF.

IF (IBC (M) JNE.0)

IF (1R3C (M) NFe1)

IDEP = DL (M)
GO T0 101

100
101 MSTZE (M)

HSTZE (M)

KJ(I)
KJ(1)

1S

IF (MSIZE(M)oLT,1.0ReMSIZE(M)oGT213) MSIZE(M) =

RETURN
END
SURROUTINE FORMRT

SURRQUTINE FORMPRT (M)

AL(20R) « IX(213)
AMF (1248) s AM] (6)

CDC #4000 FTN

KJ(1A) s NN(LIA) s CWT(213)
COMMONZILIMS/ZDL (20R) o SETSTZ7(273) «MOSTZE(2083) o INT
COMMON/REFS/JC(20R) «KC(20R) « IN(A)

INTS
IRC(20R) +FIXYZ2(312)
IPIN(20R)

+ (NN(T)=-KJ(I))®2/3

73

CDC K4n0 FTN

COMMON/FRT/RT(646) 9 CT(208)9ST(208) sRTT(646)

RPEAL 1IX
No 103 1
S no 1n8 J
198 RT(T.U)
PT(1e1)
RPT(?2+2)
RTY(44)
1 RT(545)
PT(1.2)
RT(S,4)
RT(?41)
RPT(4e5)
RT(3+3)
RT(646)
NO 1n9 K=1
DO 169 N=1
RTIT(K«N) = R
CONTINUE
RETURN
END

el

1S5

LI I LI L T T [ T T 1 S S TI
(g}
-
ES

. @ e b
.

20 109
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SURRQUTINE FORMSM CDC 6400 FTN

SUBRNOUTINE FORMSM (MyN)
COMMON/FSM/SM(646) s AREA(213)y Es AL(208)+IX(213)s IPIN(208)
REAL IX
09 110 I=1, 6
5 00 110 J=1, 6
SM(T+Jd) = 0.0 .
110 CONTINUE
AEL = AREA(N)#E/AL (M)
EIL = E#IX(N) /AL (M)

10 IF (IPIN(M),.EQ.1) EIL = 0.0001
SM(ael) = =AEL
SM(1+1) = AFL
SM(24?2) = 12, # EIL /7 AL(M) 282
SM(3.2) = 6,0 ®* EIL /7 AL(M)
1s SM(3+3) = 4,0 % FEIL
SM(4.4) = AFL
SM(Se?2) = =120 ® EIL /7 AL(M)#8D2
SM(5.3) = =6.0 # EIL / AL (M)
R SM(h+2) = KO0 # EIL /7 AL(M)
21 SM(A3) = 2.0 * FIL
SM(5+5) = ]2.0 « EIL /7 AL(M)#nu2
SM(A«S) = =6e0 # EIL /7 AL (M)
SM(6eb) = 4.0 * EIL
€C SM IS SYMMETRICAL
25 NO 111 I=1e 6

no 111 J=1, 6
111 SM(TJ) = SM(JyT)
PETURN
END

SURROUTINE MULT COC /400 FTN

SURBPOUTINE MULT (A+MAyYNAJB4MBsNRGC)
DIMENSION A(6e6) s B(696) s C(H96)
N0 2171 1=1, MA
DO 2n1 J=1, NB
5 SUM = 0.0
DO An L=1y NA
30 SUM = SUM + A(T.L) # B(L.J)
201 C(IeJ) = SuM
) RETURN
i END

SUSPOUTINE INDEX CDC 6400 FIN

SURROUTINE INDEY (M)

COMMON/REFS/JC(20R) «KC(208) « IN(A)y TBC(208) +FIXYZ(312)
¢ INDEX COMPUTES INDICIES FOR USE IN DO LOOPS USED IN STORING SMR IN Sy
C FEA IM AJs AND IN ©XTRACTING N(M) FROM DJ,.

5 JJ = JC M)
KK = KC(M)
J3 =3+ Y
K3 = 3 # KK
IN(3) = J3
1- IN(?) = J3 -1
IN(1) = J3 - 2
IN(6) = K3 - -
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IN(S) = K3 -1
IN(4) = K3 - 2
15 RETURN
EnD
SURROUTINE 8BNDSOLV COC w400 FTN

SURROUTINE RNDSOLYV (JUN,y IBAND)
COMMON/STMEN/S(312+30)s AJ(312)y DJ(312)s AJUO(312)
NUMNP = 32N
NPYM] = NUMNP =
s PO 485 1=1, NPM]
D = 19/S5(141)
JEND = NUMNP = 1 + 1
1F (JENNDL.GT.IBAND) JEND = IBAND
DO 44l J=24 JEND
16 NPM I +J-=-1
FAC S(I+J)®D
M=0
N0 430 K=Jy JEND
M =M+ 1 '
15 S(NPNsM) = S(NPNeM) = S(I+K)#FAC
430 CONTINUE
AJ(NPN) = AJ(NPN) = AJ(I)®=FAC
S(l.J) = FAC
440 CONTIMUE
20 AJ(T) = AJ(TI)®D
450 CONTINUE
AJ(NUMNP) = AJ(NUMNP) /S (HUMNPy 1)
NJ(NUMNP) = AJ(NUMNP) .
. DO 70 I=1, NPH4]
25 NPN = NUMNP = [
JEND = NUMNP = NPN + 1}
IF (JEND.GT.IBAMD) JEND = [BAND
RHS = AJ(NPN)
N0 4h0 J=2, JENNO
an M = NPN ¢+ J = ]
RHS = RHS = S(NPNsJ)®*DJ (M)
460 CONTINUE
NJ(NPN) = RHS
470 CONTINUE
3s RETURN
END

(U]

SURROUTINE.  FBCB CDC 6400 FIN

SU3RNUTINE FRCB ( CBy FYs Le RTs DAFy FBTRIe FBe KFLAG )
REAL Ly LRT1e LRT2s LRT

0 IF ( L +LE. 0.0 ) GO TO 14

1 LRT1 = SART ( ( S10000.0 #* CB )/FY )
5 2 LRT?2 = SORT ( ( 102000,0 ® Ci )/FY )

a LRT = L/RT

4 IF ( LRT «LT. LPT2 ) GO 7O 164

g IF ( LRT «GTe LPT1 ) GO TO 8

6 FBL = ( 2407340 = ( FY ® LRT®®2 )/{ 1530000.0 # CB ) ) * FY
1¢ 7 GO TO 9

A FB1 = ( 170000.0 # CB )/ ( LRT®##2 )

9 FSTEST = ( 12000.0 ® CB )/( L # DAF )

10 IF ( FBl «GTe FRTEST ) FRTEST = FB1

11 IF ¢ FRTRI .LT. FBTEST ) FBTEST = FBIRI
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15 12 FB = FBTEST
13 GO0 TO 15
14 FR = FBTRI
15 KFLAG = 1
RETURN
2n END

SURROUTINE FIXEND CDC 6400 FTN

SURRQUTINE FIXEND (MsI)
COMMON/LOADS/MEM(B0) ¢« JCODE(80) s RLOAD(RQ)e P(B0)s Q(80)
COMMON/FRT/RT(0e6) s CT(208) «ST(20R) «RTT(H46) ¢
COMMON/ZMISC/MSIZE(208) s FF(6)9 AMF (124R) 9AM1 (6)
3 COMMON/FSM/SM(6,6)9 AX(213)y Es ALEN(20R)y 1Z2(213)y IPIN(20R)
REAL 12
Cc THIS SURROUTINE COMPUTES THF FIXED END ACTIONS FOR LATERALLY LOADED MEMR
G RLENGTH IS THE (.ENGTH OF THE MEMBER
RLENGTH=ALEN (M)
10 R = 1.0 = P(I)
T = Q1)
DO 9 K=146
9 FF(K) = 040
K = MSIZE (M)
15 IF(JCODE(I).EQen) GO TO 10
GO TO (11912¢13414415+16451741005100+100,100) JCODE(I)
100 WRITE(As101)
101 FORMAT (1Hl«® vYOU HAVE TROUBLE IN THE INPUT OF A MEMBER LOADING.
1JCODE IS GREATER THAN THE MAXIMUM PERMISSIBLE VALUE.*#®)

2n GO T0 50
C .
C CONCENTRATED LNAD
C
11 FF(1)=0.0 $ FF(4)=0.
25 FF(?2)==RLOAD(I) #(1.~3.4R#4242,2R883)

FF(3)==RLOAD (1) “R#*RLENGTH® (] ,~K) ®##2
FF(S5)==RLOAN(]) & (Re#2)#(3,-2,%R)
FF(6)= PLOAD(I) #R##28RLENGTH® (1.=R)
GO 710 SO

UNTFORMLY DISTRIBUTED LOAD
12 A = 1.0
FF(1)
112 FF(2)
35 1)
FF(3)
13)
FF (5)
. 1)
4h FF(6) = RLOAD(I)®A®RLENGTH##2#Ra#38(440-3.0%R)/12.0 + FF(6)
IF (A.MF.1.0) GO TO 50
A= =1,0
R =T
GO TO 112

OO0

0.0 % FF(4) = 0.0
~RLOAD (T) #A#RZRLENGTH® (18,0-14.N"R-R¥R+3,0%R*#3)/12,0+FF (2

=RLOAD (1) #A#RLENGTH##2#R##24 (6,0=8.04R¢3.0#R*R) /12.0 * FF (

~RLOAD (T) #A#R#RLENGTH® (=6.0+14,0#R+R&¥R=3,0%#R%R) /12, ¢ FF (S

4S C
C CONCENTRATED MOMENT== COUNTER CLOCKWISE POSITIVE
13 FF(1)=0.0 $ FF(4)=0.
FF(?2) =0, 9RLOAD (T) #R# (] «=R) /RLENGTH
FF()=RLOAD(I) # (o=l e®R4JHR#R) # (=],)
Ch FF(5)==FF (2)
FF(6)==RLO0AD(I) #R#* (2e=3,%R)
GO TO S9
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75

AA

85

15

OO0

OO0

(g XeXe]

14

15

16

17

11
50

65

JOINT DISPLACEMENT=-COUNTER CLOCKWISE POSITIVE

FF(1)=0.0 $ FF(4)=0.
FF(2)==12%17 (M) ®RLOAD (1) / (RLENGTH#®#3)
FF(3)==6.%1Z(M)#RLOAD(1)/ (RLENGTH##2)
FF(5)==FF (2)

FF(6)= FF(3)

GO TO0 SO

TEMPERATURE CHANGE FOR STEEL ONLY

FF(1)=AX(K)#.,0000065%RLOAD(T)

FF(?)=0s S FF(A)=0. $ FF(S5)=0. % FF(6)=0,
FF(4)==FF (1)

GO T0 SO

JOINT DISPLACEMENT IN X DIRECTION

FF(1)==RLOAD(I)»#AX (K)/ (RLENGTH)

FF(2)=0e % FF(3)=0. 3 FF(5)=0., % FF(6)=0,

FF(a)==FF (1)

GO 70 SC

UNIFORMLY VARYING LOAD-- LARGE PART AT NEAR END OF MEMBER
RLOAD = MAXIMUM MAGNITUDLE

FF(1)=0.0 % FF (4)=0,

FF(?2)==RLOAD (I ) «R#RLENGTH®R (10.-5.%P"#242,8R223) /20,
FF(3)==RLOAD (1) #(R##2) # (RLFNGTH##2) # (10.=10%R+3%R®%2) /60,
FFIS)==0.52R4RLFNGTH*RLOAD (T) +FF (2)

FF(6)==RLOAD(I) #R*R#*RE(RLENGTH®##2) #(5,-3.%R) /60,

GO T0 59

COMTINUE

IF (IPIN(M) ,NE.1) GO TO 65

FF(3) = 0.0 b FF(6) = 0.0

RETURN

END

SUARQUTINE EFLEN CDC 6400 FTN

c

C

SURROUTINE EFLEN (M)
COMMON/REFS/JC(208) yKC(208) 4 IN(6) s IBC(208) +FIXYZ(312)
COMMON/EFL/ZY (20R) » EKe NM, SwAY, PIE
COMMNON/FSM/SM(heh) e AREAI213)y Fy AL(20R)+1IX(213)y IPIN(208)
COMMON/MISC/MSI7E (208) yFEA(6) 9 AMF (1248) ¢AM] (6)

REAL IX

GA=0,0 $ GR=0.0

COLA=9.0 $ COILB=0.0

BEAMA=0.0 $ BFAMB = 0,0

NA = JC(M) y

NB = KC (M)

BEGIN LOOP TO CALCHLATE GAs GB VALUES

DO 10 I=1y NM

IF (IPIN(I).EWQ.1) GO TO 10

JTEST = JC(1I)

KTEST = KC(I)

IF (JUTESTeNFNA AND.KTEST.NE.NA) GO TO 20

MEMBER DORS FRAME INTO JOINT NA

IA = MSIZE(I)
EIL = IX(IA)ZAL(I)
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>

C COLUMN OR BEAM
IF (IBC(I) 4EQ.n) GO TO 25
COLA = COLA + EIL
GO TO 20
25 CALL GIRMOD (TESTWKTESTsJTESTsNA)
BEAMA = BEAMA + FIL # TEST
20 IF (UTESTeMNF«NBANDKTESTeNE.NB) GO TO 10
TA = MSIZE(D)
EIL = IX(IA)YZAL(I)
IF {(IB8C(I).EQ.0) GO TO 35
cOLB = COLB +EIL
GO TO 10
35 CALL GIRMOD (TEST+KTESTsJTESTsNB)
BEAMB = BEAMB + FIL # TEST
10 CONTINUE
IF (BEAMA.NFE.0.0) GO TO 11
NA = 3%#(NA=1) + 1
IF (FIXYZ(NA)«NFo0) GA=30.0
IF (GAFQe30s0sANDFIXYZ(NA+1)NE.O) GO TO 12
GO 10 13
12 GA = 10.0
IF (FIXYZ(MNA+2) ,NE.0) GA = 1,0
GO TO 14
11 GA = COLA/BEAMA
GB= COLR/BEAMB
NA = JC (M)
IF (Y(NA)eGT.SWAY,OR.Y(NB) .GT+SWAY) GO TO 60
C THERE IS SWAY BRACING PRESENT
TEST = 1.0
EK = (.51
50 FIL = PIE/EK
BEAMA = TEST
TEST = (GA®GER0,25)#EIL®##2 « ((GA+GR)?0,.,5)%(]1.0 - PIE/(EK # TAN(EIL
1))) ¢ 2.0% TAN(FIL®0.5)/(EIL)
IF (EX<LTe0.97) GO TO S3
EK = 1.0
GO0 70 6S
53 IF ((TEST=1.0)/REAMA) 65s S52¢ 52
52 £K = EKe+ 0,025
GO TO S0
C NO SwAY BRACING
60 FK = 1.98
E£IL = PIE/EK
TEST = (TAN(EIL)®(GA # GB # ElL##2 - 36.0))/(6.0%(GA+GB)#EIL)
BEAMB = 1.0 A
IF (TEST.GT.0.0) GO TO 62
BEAMB = =1,15
EK=2.025
2 FIL = PIE/EK
°¢ TEST = (TAN(EIL)Y®(GA # GB # EIL##2 - 36.,0))7(6.0% (GA+GB) #*EIL)
IF (TESTeLTo1.03) GO TO 6S
EK = EK =0,025%REAMB
GO TO 62
65 RETURN
ENO
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SURROUTINE PVM

c ADD

CDC 6400 FTN

SURRQUTTNE PVM (WTsAMXA)
COMMON/FSM/SM(64h) sy AREA(213)s Es AL(20H) 91X (213)s IPIN(208)
COMMON/FRT/RT(646) 9 CT(208)4ST(208) «RTT(696)
COMMON/MISC/MSIZE(208) yFEA(6) 9 AMF (1248) »AM1 (6)
CO“MON/LOADS/MEM(B0)y JCODE (RO) s RLOAD(E0)s RN(B0)s RF(80)
COMMON/PV/My MLNDADSs AMXs P2y MOM(9)y Z(208) +NINTEN
REAL MOM
Wl = WT20.00170.,08333333
RL = ABS (AL (M))

IN END MOMENTS

C SET UP AMF

100

JJ = 6% (M=]1) + 7

J3I = JJ ¢+ 3

HOLD = (AMF (JJ) + AMF(J3))/RL
00 100 [=1y 9

X= 1

X = X ® 0] ® RI

MOM (1) = HOLD#Xx = AMF(JJ)

C ADD IN MOMENTS FROM WT

191

DD 101 I=1,9 .

X =1

X = X # 0.1 # R'_

MOM(L) = MOM(I) +((WT#X#(RL=X))/2,0) #* ABS(CT(M))

c WORK ON MEMBER LOADS

NO 1172 [A=1. MLOADS
IF (MEM(IA) ,NE.4) GO TO 102

A = KN(TA)#RL
B = RF(1A)#RL
F = (=1.0)%#PLOAN(TA)

GO TO (10920¢30,102+102¢102+404102,102+102,102) JCODE(IA)

c POINT LOADS

10

104
103

HOLD = F=A
NO 103 I=1.9
x=1

X = X ® 0.1 * RI

IF (X.GT4A) GO TO 104

MAM(T) = MOM(I) + (B®X®F)/RL

G99 70 103

MOM(I) = MOM(I) + (HOLD#(=-1.0)%Xx)/RL ¢ HOLD
CONT INUE

GO 10 102

C UNIFORM LOADS

20

106

107
1n3

109

HOLD = (RL=A=3)

Rl = F#*HOLO#®# (2.,n#B¢HOLD)/(2.0%RL)
R2 = F#HOLD#(2.,0%A+HOLD)/(2.0%RL)
DO 105 I =1y 9

x=1 ;

X = X # 0o1 * RL

IF (X=A) 10As106+107

MOM(T) = MOM(I) + R1#X

60 70 10S

IF (X=(PL = 1)) 10R+109+109
MOM(T) = MOM(I) + ((R1#X) = (F#(X=A)®#2)/2,0)
G0 10 19S5

MOM(TI) = MOM(I) + R2%(RL=X)
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65

75

85

SS

100

195

SUKROUTINE

105

CONTINUE
GO 1O 102

COMCENTRATED MOMENTS

30

111

112
110

Rl = F/RL

F =(=1.0) = F

DO 110 I=1,9

x=1

X = X#0.1%RL

IF (X=A) 111s111s112
MOM(I) = MOM(I) + RL1®X
GO 10 110

MOM(TI) = MOM(I) + (R1%#X+F)
CONTINUE

GO TO 102

UNIFORMLY VARING LOAD

49

113
102

PO 113 I=1y 9

x=1I

X = (1.0 ks X“O.l)“RL

HOLD = F#RL/2.0

MOM(T) = MOM(I) + HOLD2X*®# (RL®#RL = X*#X)/(3.0%RL*RL)
CONTINUE

WT = WT#1900.0%#12.0

AMX = ABRS(AMF (JJ))

IF (ASS(AMF (J3)) «GT«AMX) AMX = ABS(AMF (J3))
IF (NIMNTEN,NF.1) GO TO 115

IF (IPIN(M) ,FU1)GO TO 115

JUGGLE MOMENTS FOR 9/10 FACTOR

116

HOLD = MOM(1)

DO 116 I=2, O

IF (MOM(I) GT.HOLND) HOLD = HOM(I)
IF (HOLDLLT.0.0) GO TO 115

IF (HOLD.GT.AMX) GO TO 118

X = (ABS(AMF(JJ)) + ABS(AMF(J3)))/2.0
NO 117 I=1, 10

HOLD1 = HOLD

AMX]1 = AMX

F =1

F=F % 0,01

AMX] = AMX] # (1.0 = F)

HOLD]1 = HOLD1 + F#x

IF (HOLD1.LT.AMX]1) GO TO 117

GO 70 118
117 CONTINUE
113 AMX = AMX]
AMXA = HOLDI1
GO T0 200
115 AMXA = ABS(HOLD)
200 P7 = ABS(AMF(JJ-2))
RETURN :
END

STORE CDC 6400 FTN

SU3ROUTINE STORE (M)

COMMON/SIMEN/S(312¢30)9 AJ(312)s DJU(312)s AJO(312)
COMMON/MISC/MSI7E(208) oFEA(6) 9 AMF (1248) ¢ AM] (6)
COMMON/FRT/RT(646) s CTI208)+ST(208) sRTT(646)
COMMON/REFS/JC(208) sKC(208) s IN(6) s IBC(208)FIXYZ(312)
CALL FORMRT (M)

CALL MULT (PTT,6s69FEA6919AM])
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SUBROUTINE TABLEC COC 6400 FTN

SURROUTINE TABLFC (THETA)
COMMON/FSM/SM(be6) s AREA(Z13)s Es AL(208) 91X (213)s IPIN(208)
COMMON/ZLOADS/MEM (B0) s JCODE(RD) « RLOAD(RO)s RN(R0) s RF (80)
COMMON/PV/Ms HLOADSs AMXs PZy HMOM(9)s X(208) «NINTEN
5 THETA = 0.0
NO 100 I=1, MLOADS
IF (4FM(I) NE.HM) GO TO 100
GO TO(102+106+102+1005100+1002104) JCODE (1)
102 THETA = =0.6
1c IF (IPIN(M) ,EQ.1) THETA
6n TO 190
104 THETA = =0,4
IF (IPIN(M).EQ.)) THETA
67 TO 106
1S 190 CONTINUE
106 RETURN
END

-0.2

-0.0

SURROUTINE GIKMOD CDC 6400 FTH

SURROUTINE GIRMAND (TESTWKTEST«JTESTeNC)
€ THIS SUBROUTIMNF MONIFIES GA AND 63 IF THE 0PPOSITE END CONDITION OF
C A GINMAFR IS PINNED OR FIXED.
COMMON/REFS/ZJC(208) +KC(208) s IN(6) s IRC(208)4FIXYZ(312)
5 COMMON/ZEFL/ZY (20R) EKs NMs SwWAY, PIE
TEST = 1.0
) MA = JTEST
TF (MALNESNC) MA = KTEST
M3 = 3% (MA=-]) ¢ ]
11 IF (Y(MA) «GT.SWAY) GO TO 100

IF (FIXYZ(MR)eMNFo0e0eORFIXYZ(MH+]1).NE.O.0) TEST = 1.5
JF (FIXYZ(MB42) NELOGOJANDLTESTEQe1e5) TEST = 2.0
G0 TO 1009

100 IF (FIXYZ(14R) o NFos0s0eORFIXYZ(MB+]1).NEL,0,0) TEST = 0.5

15 1200 RETURN
END
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C STORE =-AM1 IN AJ
i CALL INDEX (M)
1o DD 106 TA=1y 6
MA = IN(IA)
195 AJO(MA) = AJO(MA) = AM1(IA)
C STORE MEMBER FEA [N AMF
MA = 6 #* (M-1)
15 DO 10S IA=]1, 6
MA = MA ¢ |
105 AMF (MA) = AMF(MA) ¢ FEA(IA)
RETURN
END

SU4FOUTINE Cl1Slal CDC 6400 FTN

SURRQUTINE C1S14l
COMMON/MISC/MSI7ZE 1208) oFEA(6) s AMF(124R) sAM] (6)
COMMON/PV/My MLNADSy AMXs PZs MOM(9) s X(208) «NINTEN
COMMON/CUMP/FAs FYIELD(208) +CDEP(213)s CTW(213)s CBF(213)s CODAF (21
S 13)« HRCEX(20R) «TF(213)
¢ THIS SUSROUTINE CHFCES 1.5¢1s4.1 OF THE CODE
J = MSIZE (M)
SFY = SORT(FYIELD(M))
C CHECK 1+5ele4.1D
10 ANDOT = 412.0 # (1.0-2.33%FA/FYIELD(M))/SFY
TF (ADOTLTo257.0/SFY) ADOT = 257.0/SFY
DOT = CNEP(J)/CTWIJ)
IF (DOT.GT.ADOT) GO TO 100
C CHECK 1.S5Ss1e4.1E
18 ADOT = 76.0*(CBF (J)/SFY)
NOT = 2n000.0/(FYLELD(M)®2CDAF(J))
IF (DUTGT,.ADOT) ADOT = DOT
IF (RRCEX(M).GT.ADOT) GO TO 100
C CHECK I-S-lo‘anoC
29 NINTEN = 2
DOT = 0,S%CAF(J)/CTF (J)
ADOT = G2.2/SFY
IF (BRRCEX(M)EQ,0.0) ADOT = 190.0/SFY
IF (DOT.GT,.ADOT) GO TO 100
2s NINTEN = 1
100 RETURN
END
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Appendix C

MEMBER SIZES AND DEFLECTED SHAPES FOR SELECTED FRAMES

This appendix shows the chosen member sizes and deflected shapes
for several of the frames designed. Figs. C.1 to C.4 list the member
sizes selected for the rigid frame, the X braced vertical truss, the K
braced rigid frame and K braced rigid frame with an outrigger truss on
the top floor. Since the frames are symmetrical, only the member sizes
for one exterior bay and the interior bay are given.

Figurc C.5 shows the deflected shapes for the K braced vertical
truss and the rigid frame. The vertical truss shows its relative
increase in stiffness at thc lower levels as opposed to the rigid
frames decrease in stiffness in the same arca. The upswing of the rigid
frame's deflection curve at the top illustrates the result of the smaller
wind moment distortions when gravity loads rather than wind loads
governed the member stress.

Figure C.6 shows the deflected shapes for the K braced rigid frame,
the outrigger trussed rigid frame and the multistory X braced rigid
frame. The gradual S shape of the K braced rigid frame respresents the
combination of the two curves of Fig. B.5. Since the outrigger truss
is simply the K braced rigid frame with the external bays of the top
floor X braced, the stiffening effect of the external bracing is
clearly séen. It tends to exaggerate the S shape by increasing the
stiffness at the top of the frame. The stiffness of the multistory

X braced frame is also shown.

127



Exterior Interior
Floor Column Beam Column Beam Bracing
W24 x 61 W24 x 61
20 Wil4 x 43 W14 x 38
W24 x 84 W24 x 84
19 Wil x 43 W14 _x 48
W24 x 100 W24 x 100
18 Wi4 48 W14 x 61
W30 x 172 W30 x 172
17 Wi4 al 14 x 74
W30 x 210 W30 x 210
16 Wi4 x 68 414 _x 84
W30 X 210 W30 x 210
15 Wi4 x 78 V14 x 103
W30 x 210 W30 x 210
14 Wi4 x 87 9§14 x 119
W30 x 210 W30 x 210
13 Ni4 103 ¥14 x 136
W30 x 210 W30 x 210
12 W14 111 ¥14 x 142
W30 x 210 v30 x 210
11 W14 119 V14 _x 107
W30 x 210 W30 x 210
10 W14 142 V14 x 176
W30 x 210 W30 x 210
9 W14 x 150 412 x 202
W30 x 210 ¥30 x 210
8 W14 x 176 ¥14 x 219
W30 x 210 ¥30 x 210
7 Wi4 x 211 V14 x 246
W30 x 210 W30 x 210
6 W14 x 211 W14 x 246
W30 x 210 W30 x 210
5 W14 x 219 W14 x 264
W30 x 210 W30 x 210
4 Wi4 x 219 W14 x 264
' W30 x 210 W30 x 210
3 Wid x 237 W14 x 287
: W30 x 210 W30 x 210
2 W14 237, W14 x 320
W36 x 300 W36 x 300
1 W14 X 499 W14 x 500
Fig. C.1 Member sizes for the rigid frame.
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Exterior Interior

Floor Column Beam Column Beam Bracing
W18 x 40 W18 x 40

20 W14 x 22 W14 x 68 W14 x 43
Wi8 x 40 W18 x 40

19 W14 x 22 W14 x 167 Wi4 x 43
W18 x 40 W18 x 40

18 Wi14 x 30 W14 x 202 Wi4 x 43
W18 x 40 W18 x 40

17 W14 x_ 30 Wl4 x 228 W14 x 43
W18 x 40 W18 x 40

16 W14 x 30 W14 x 264 W14 x 43
W18 x 40 W18 x 40

15 W14 x 34 W14 x 370 W14 x 48
W18 x 40 W18 x 40

14 W14 x 38 W14 x 370 Wi4 x 53
W18 x 40 W18 x 40

13 W14 x 43 W14 x 370 Wild4 x 61
W18 x 40 W18 x 40

12 W14 x 48 W14 x 455 W14 x 61
W18 x 40 W18 x 40

11 W14 x 48 W14 x 455 Wld4 x 61
W18 x 40 W18 x 40

10 W14 x 53 W14 x 455 Wi4 x 61
W18 x 40 W18 x 40

9 W14 x 53 W14 x 455 W14 x 61
W18 x 40 W18 x 40

8 W14 x 61 W14 x 455 W14 x 61
W18 x 40 W18 x 40

7 Wid x 61 W14 x 500 W14 x 61
W18 x 40 W18 x 40

() W14 x 68 W14 x 500 W14 x 61
W18 x 40 W18 x 40

5 W14 x 68 W14 x 500 Wi4 x 68
W18 x 40 W18 x 40

4 Wl4 x 68 W14 x 500 Wi4 x 68
W18 x 40 W18 x 40

3 W14 x 74 W14 x 500 Wl4 x 68
: W18 x 40 W18 x 40

2 Wi4 x 78 W14 _x S50 W14 x 74
W18 x 40 W18 x 40

1 W14 _x 87 W14 x 550 NWi4 x 78

Fig. C.2 Member sizes for the X braced vertical truss.
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Exterior

Intcrior

Floor Column Beam Column Beam Bracing

W21 x 44 W18 x 35

20 W14 x 38 W14 x 38 W14 22
W21 x 49 W18 x 35

19 W14 x 38 W14 x 53 W14 34
W21 x 49 W18 x 35

18 Wl4 x 43 Wl4 x 87 Wia 34
W21 x 49 W21 x 44

17 Wl4 x 43 W14 _x R7 Wid 24.
W21 x 49 W21 x 44

16 W14 x 48 W14 x 95 W14 34
W21 x 49 W21 x 44

15 W14 x 53 W14 x 111 W14 34
W24 x 55 W21 x 49

14 W14 x 61 Wi4 x 111 W14 34
W24 x 55 W21 x 49

13 V14 x 68 Wid4 x 111 W14 34
W24 x 55 W21 x 49

12 W14 x 68 Wld x 127 W14 x 48
W24 x 55 W21 x 49

11 Wld4 x 68 N14 x 142 N14 48
W24 x 55 W21 x 49

10 W14 x 74 W14 x 150 W14 48
W24 x 55 W21 x 49

9 W14 x 74 W14 x 158 W14 48
W24 x 55 W21 x 49

8 W14 x 78 W14 x 176 W14 48
W24 x 55 W21 x 49

7 W14 x 84 W14 x 193 W14 48
W24 x 55 W21 x 49

6 W14 x 84 W14 x 219 W14 48
W24 x 55 W21 x 49

5 W14 x 84 Wi4 x 219 W14 48
W24 x 55 W21 x 49

4 W14 x 87 Wi4 x 237 W14 48
W24 x 55 W21 x 49

3 W14 x 87 W14 x 246 Wil4 x 48
W24 x 55 W21 x 49

2 W14 x 95 W14 x 246 W14 33
W24 x 55 W21 x 49

1 W14 x 95 W14 x 264 N14 61

Fig. C.3 Member sizes for the K braced rigid
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Exterior Interior
Floor Column Beam Column Beam Bracing
W14 x 34 W14 x 30 W14 x .43E
20 W14 x 30 W14 x 43 W14 x 3471
W18 x 40 Wi2 x 19
19 W14 x 38 W14 x 53 W14 x 22
W21 x 44 W12 x16.5
18 W14 x 38 W14 x 78 W14 x 30
W21 x 44 W12 x 19
17 Wid4 x 43 W14 x 78 W14 x 30
W21 x 55 W12 x 19
16 W14 x 43 W14 x 78 W14 x 30
W21 x 55 Wiz x 19
15 W14 x 53 W14 x 84 W14 x 30
W21 x 55 W12 x 19
14 W14 x 61 Wil4 x 84 W1l4_x_ 30
W21 x 55 Wiz x 19
i W14 x 01 W14 x 87 W14 x 30
W21 x 55 W12 x 22
12 Wl4 x 68 W14 x 995 W14 x 34
W21 x 55 W12 x 22
11 W14 x 68 Wi4 x 95 Wid4 x 34
W21 x 55 W14 x 26
10 W14 x 74 Wid x 111 Wil4 x 38
W24 x 55 W14 x 30
9 W14 x 74 Wid4 x 127 Wi4 x 43
W24 x 55 W14 x 30
8 W14 x 78 Wl4 x 142 Wi4 x 43
W24 x 61 W14 x 30
7 W14 x 78 Wi4 x 158 W14 x 43
W24 x 61 W14 x 30
6 W14 x 84 Wid x 176 Wir x 43
W24 x 61 W14 x 34
5 W14 x 84 Wil4 x 193 W14 x 43
W24 x 61 W14 x 34
4 W14 x 87 W14 x 211 Wl4 x 48
W24 x 61 W18 x 35
5 W14 x 95 Wi4 x 237 W14 x 48
W24 x 68 W16 x 40
2 Wl4 x 95 Wi4 x 287 W14 x 48
W24 x 68 W16 x 40
1 Wi4 x 95 W14 x 320 W14 x 61
Fig. C.4 Member sizes for the outrigger truss (20th floor).

131




Story

Fig. £,

Story

20
18
16
14
12
10

o N A O @

5

20
18
16
14
12
10

o N A& O

K braced

vertical truss-\\\

Rigid frame

2.0 3.0 4.0 5.0
Deflection in inches

0.0 1.0 6.0

Deflected shapes of various frames, 3/4 (W+G) loading.

K braced
combinatio
frame

multistor
X \

braced frame

ﬂ
‘K-— Outrigger truss
. 20th floor only
v v v )
0.0 : 2.0 3.0 4.0 S.0 6.0

Deflection in inches

Fig. C.6 Deflected shapes of various frames, 3/4 (W+G) loading.

132



	CERF_73-74_48_001
	CERF_73-74_48_002
	CERF_73-74_48_003
	CERF_73-74_48_004
	CERF_73-74_48_005
	CERF_73-74_48_006
	CERF_73-74_48_007
	CERF_73-74_48_008
	CERF_73-74_48_009
	CERF_73-74_48_010
	CERF_73-74_48_011
	CERF_73-74_48_012
	CERF_73-74_48_013
	CERF_73-74_48_014
	CERF_73-74_48_015
	CERF_73-74_48_016
	CERF_73-74_48_017
	CERF_73-74_48_018
	CERF_73-74_48_019
	CERF_73-74_48_020
	CERF_73-74_48_021
	CERF_73-74_48_022
	CERF_73-74_48_023
	CERF_73-74_48_024
	CERF_73-74_48_025
	CERF_73-74_48_026
	CERF_73-74_48_027
	CERF_73-74_48_028
	CERF_73-74_48_029
	CERF_73-74_48_030
	CERF_73-74_48_031
	CERF_73-74_48_032
	CERF_73-74_48_033
	CERF_73-74_48_034
	CERF_73-74_48_035
	CERF_73-74_48_036
	CERF_73-74_48_037
	CERF_73-74_48_038
	CERF_73-74_48_039
	CERF_73-74_48_040
	CERF_73-74_48_041
	CERF_73-74_48_042
	CERF_73-74_48_043
	CERF_73-74_48_044
	CERF_73-74_48_045
	CERF_73-74_48_046
	CERF_73-74_48_047
	CERF_73-74_48_048
	CERF_73-74_48_049
	CERF_73-74_48_050
	CERF_73-74_48_051
	CERF_73-74_48_052
	CERF_73-74_48_053
	CERF_73-74_48_054
	CERF_73-74_48_055
	CERF_73-74_48_056
	CERF_73-74_48_057
	CERF_73-74_48_058
	CERF_73-74_48_059
	CERF_73-74_48_060
	CERF_73-74_48_061
	CERF_73-74_48_062
	CERF_73-74_48_063
	CERF_73-74_48_064
	CERF_73-74_48_065
	CERF_73-74_48_066
	CERF_73-74_48_067
	CERF_73-74_48_068
	CERF_73-74_48_069
	CERF_73-74_48_070
	CERF_73-74_48_071
	CERF_73-74_48_072
	CERF_73-74_48_073
	CERF_73-74_48_074
	CERF_73-74_48_075
	CERF_73-74_48_076
	CERF_73-74_48_077
	CERF_73-74_48_078
	CERF_73-74_48_079
	CERF_73-74_48_080
	CERF_73-74_48_081
	CERF_73-74_48_082
	CERF_73-74_48_083
	CERF_73-74_48_084
	CERF_73-74_48_085
	CERF_73-74_48_086
	CERF_73-74_48_087
	CERF_73-74_48_088
	CERF_73-74_48_089
	CERF_73-74_48_090
	CERF_73-74_48_091
	CERF_73-74_48_092
	CERF_73-74_48_093
	CERF_73-74_48_094
	CERF_73-74_48_095
	CERF_73-74_48_096
	CERF_73-74_48_097
	CERF_73-74_48_098
	CERF_73-74_48_099
	CERF_73-74_48_100
	CERF_73-74_48_101
	CERF_73-74_48_102
	CERF_73-74_48_103
	CERF_73-74_48_104
	CERF_73-74_48_105
	CERF_73-74_48_106
	CERF_73-74_48_107
	CERF_73-74_48_108
	CERF_73-74_48_109
	CERF_73-74_48_110
	CERF_73-74_48_111
	CERF_73-74_48_112
	CERF_73-74_48_113
	CERF_73-74_48_114
	CERF_73-74_48_115
	CERF_73-74_48_116
	CERF_73-74_48_117
	CERF_73-74_48_118
	CERF_73-74_48_119
	CERF_73-74_48_120
	CERF_73-74_48_121
	CERF_73-74_48_122
	CERF_73-74_48_123
	CERF_73-74_48_124
	CERF_73-74_48_125
	CERF_73-74_48_126
	CERF_73-74_48_127
	CERF_73-74_48_128
	CERF_73-74_48_129
	CERF_73-74_48_130
	CERF_73-74_48_131
	CERF_73-74_48_132
	CERF_73-74_48_133
	CERF_73-74_48_134
	CERF_73-74_48_135
	CERF_73-74_48_136
	CERF_73-74_48_137
	CERF_73-74_48_138
	CERF_73-74_48_139
	CERF_73-74_48_140

