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ABSTRACT

This report presents a method of analysis to predict the complete
load-displacement response for large mulit-story steel frames, with pro-
vision for diagonal bracing members and shear wall elements. The member
response is assumed to be elastic - perfectly plastic. The influence of
axial load on the stiffness and carry-over factors is considered for the
columns, but neglected for the girders. The effects of finite column
width and girder hinge reversal on the behavior is also considered.
Diagonal bracing members are assumed to be subjected to axial loads only.
The frame analysis is second order, that is to say, the story shear equili-
brium is formulated on the deformed structure. Axial shortening of the
columns is considered. The equilibrium equations are solved by a modified
Gauss elimination procedure. A number of comparative studies are described
which are used to verify the method of analysis.

An extensive behavioral study is performed on a number of frames
subjected to vertical loads alone, and to combined vertical and lateral
loads. Comparisons are made between the behavior of unbraced and braced-
frames, with particular emphasis on the P-A effects. Coupled unbraced-
supported and braced-supported frames are also considered. A design
procedure, based on the results of the behavioral studies, is recommended
for multi-story structures. The method results in a more uniform factor

of safety than does present design practice.
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CHAPTER 1
INTRODUCTION

In recent years the number of tall commercial and residential
buildings has increased rapidly. As buildings increase in height the
need to ensure adequate lateral stiffness and strength becomes more
acute. The structure must provide the strength to resist combined
lateral and vertical loads, and must provide adequate stiffness to
prevent frame buckling under vertical loads alone. In addition the
structure must have the stiffness to limit sway deflections (at working
load) to a reasonable amount.

The resistance of multi-story framed structures to lateral
sway is developed through the flexural resistance of the beams, columns
and shear walls in the structure, and the extensional stiffness and
strength provided by the bracing members. The architectural require-
ments of modern buildings often relegate major bracing elements to
selected bents and core areas. Thus different member arrangements occur
in the frames of a given structure. These frames are normally classi-
fied with respect to their contribution to the overall Tlateral stiffness
of the building. An "unbraced" frame, such as that illustrated in
FIGURE 1.1a, develops its lateral stiffness solely through the flexural
resistance of its columns and girders. The "braced" frame, shown in
FIGURE 1.1b, derives its lateral rigidity primarily from an added

bracing system consisting of diagonal bracing members, K-bracing members



or shear walls. A "supported" bent depends on adjacent braced or
unbﬁaced bents for resistance to lateral forces. A supported bent is
illustrated in FIGURE 1.1c, coupled with a braced bent.

The columns in a multi-story frame are designed to support
the loads from the adjacent girders and the column above, and in many
cases to provide lateral stiffness for the frame. Columns may be
subjected either to axial forces or to axial forces in combination with
bending moments (beam-columns). Beam-columns are commonly designed on é
the basis of interaction equations, based on the ultimate strength of
the member. Moments and axial forces from a first order analysis are
used in these empirical equations to guard against local overstressing
and overall instability. These equations compute the ratios of actual
axial stress to allowable axial stress, and actual bending stress to
allowable bending stress, and Timit the combined quantities to provide
acceptable factors of safety. The local strength equation is inde-
pendent on the effective length (or buckling load) of the member. The
effective length enters into the computation of allowable axial stress,
and the amplification and equivalent moment factors. A1l columns must
be checked for both local overstressing and overall stability.

A knowledge of the effective length of an individual member
is necessary only because of the way in which the empirical estimate
of the ultimate strength is formulated. To determine the effective
length factor for a column, the usual procedure is to first classify
the column as either "prevented from sway" or "permitted to sway," then

to solve the appropriate differential equation, entering with ratios of



the column to girder stiffnesses at either end of the column, thus
obtaining the critical load, and so select the effective length.

The behavior of columns prevented from sway, as shown in
FIGURE 1.2a, and those permitted to sway, shown in FIGURE 1.2b, is
significantly different because of the presence of secondary moments
induced by the story sway deflections. The moment at a distance x

from the upper end of either column is given by:

= _X =
M=M P (Mu + M Ps (1.1)

u L)
Mu = moment at the upper end of the column
ML = moment at the Tower end of the column
h = column height
P = column axial force
§ = deflection of the column measured from the chord
For the column prevented from sway, the sum of the end moments, Mu +
ML’ is:

Mu tMo= Vh (1.2)
For the column permitted to sway, the end moments are increased due to
the column axial load acting through the relative story sway displace-
ments:
= Vh + PA (1.3)

Mu * ML

where A = sway deflection of the column.

This additional moment, known as the P-A moment, is
assumed to be accounted for by using the effective length factor for a
column permitted to sway, and is neglected when the effective Tength

factor for a column prevented from sway is used.



Common design practice is to consider the columns in unbraced
bents as permitted to sway, and those in braced or supported bents as
prevented from sway. This implies that columns in a braced or supported
bent are free from significant increases in moment due to sway
deflection.

It is the purpose of this dissertation to study the effect of
various lateral bracing systems on the behavior of planar steel frames
subjected to vertical loads, and to combined vertical and lateral loads.
A comparison of the behavior of braced and unbraced frames designed
under similar conditions is made. Of particular interest is the addi-
tional lateral stiffness required to remove secondary P-A moments from
frames whose columns are designed assuming sidesway is prevented. The
behavior of supported bents is also investigated.

Extensive research has been performed to study the behavior
of multi-story planar frames. A brief review of the methods of analysis
of multi-story frames, which are able to trace the behavior of tall
structures up to their ultimate Toads, is presented in CHAPTER 2. The
features of particular significance to this dissertation will be dis-
cussed in detail. The experimental work, pertinent to the design of
multi-story frames will also be reviewed.

The next portion of the dissertation is concerned with the
development of a computer program capable of analyzing large planar
frames, containing bracing and shear wall elements. The responses of
the columns, girders and diagonal bracing members are described in

CHAPTER 3. The standard slope-deflection equations, modified for



plastic hinging, are used to describe the behavior of columns and girders.
The influence of axial load on the stiffness and carry-over factors is
considered for the columns, but neglected for the girders. The effects
of finite column width and hinge reversal on the behavior of the girders
are also considered. A method is presented to describe the behavior of
diagonal bracing members subjected to tensile or compressive loads.

The frame analysis program is outlined in CHAPTER 4. Equili-
brium equations are formulated for moment and vertical forces at each
joint, using:the member slope-deflection equations. A story shear
equilibrium equation is formulated on the deformed structure at each
floor level. The equilibrium equations are solved using a modified
Gauss elimination procedure.

Comparative studies of various frames subjected to combined
vertical and lateral 1oads,vand to vertical loads only are described
in CHAPTER V. These studies are used to verify the present analysis.

The second major part of the dissertation describes behavioral
studies of planar frames containing various lateral bracing systems.
Comparisons between the behavior of braced and unbraced frames are made
in CHAPTER VI. A twenty-four story, plastically designed, three bay
frame and a corresponding single story subassemblage frame are considered.

The effect of coupling a supported frame with an unbraced and
braced frame in turn is also investigated. The results of the
behavioral studies are discussed in CHAPTER VII, and the proposed
design method is presented. A summary of the investigation and the

conclusions reached are presented in CHAPTER VIII.
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CHAPTER II

REVIEW OF PREVIOUS RESEARCH

2.1 Introduction

The review of previous research, presented in this chapter, is
limited to those investigations directly concerned with the development
of a procedure for the second order, elastic-plastic analysis of multi-
story structures. The work reviewed in the following two sections deals
with frames subjected to combined lateral and vertical loading, and
frames subjected only to vertical loading, (frame buckling), respectively.
Pertinent test results are discussed in each section. For a more com-

plete survey, the reader is referred to References 3, 4, and 5.

2.2 Frames Subjected to Combined Vertical and Lateral Loads

Using large computers the behavior of the multi-story structure
can be traced throughout a given loading history. In a second order
analysis, equilibrium is formulated on the deformed structure, thus
taking into account the secondary (or P-A) moments induced by the
gravity loads acting on the swayed structure. First order elastic,
second order elastic, and second order elastic-plastic analyses of a
portal frame subjected to constant vertical load and increasing hori-
zontal load are compared in FIGURE 2.1. The horizontal load, H, is
plotted as a function of the sway displacement, A. The "true"

behavior, (experimental test curve), is also shown. The elastic and



inelastic frame buckling loads, and the simple plastic load, are indi-
cated. The difference in slope of the first order elastic and the
second order elastic curves is caused by the P-A moments. The second
order elastic-plastic analysis coincides with the second order elastic
analysis until the plastic moment capacity is reached at some location
in the frame. Subsequently no further moment increase is permitted at
this location and the stiffness of the overall frame decreases. When
four such plastic hinges have developed, a mechanism is formed, and

the frame can no longer take additional horizontal load. As additional
sway occurs the horizontal load must decrease due to the increased

P-A moments. The second order elastic-plastic analysis closely approxi-
mates the true frame behavior. In addition to P-A moments, a second
order analysis may include the influence of the axial load on the stiff-
ness and carry-over factors of columns; as well as the influence of
axial shortening, residual stress, the spread of inelastic zones along
the length of a member, the finite column width, and strain reversal.

A number of second order analysis procedures have been
developed for multi-story frames subjected to combined vertical and
horizontal loading (4,6,7,8,9,10,11 and 12). References 6, 7 and 9
consider the effect of axial load on the stiffness and carry-over
factors, (stability functions), of columns and girders, while References
4, 8 and 10 consider stability functions for columns only. The axial
forces in the girders of a multi-story frame are usually small and thus
the change in girder stiffness due to axial load may be neglected.

References 4, 6, 7, 8, 9 and 10 consider the effect of the
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axial shortening of the column members on the force distribution and
deflections of the frame. In References 4 and 10 it was reported that
axial column shortening increased the sway deflections of slender
multi-story frames by as much as 30% at working load, however, the
ultimate capacity of the frames was little affected by axial shortening.
Thus axial shortening is an important consideration in frames designed
to limit sways at working load.

The influence of the residual stresses produced by the rolling
and cooling process is considered in References 8 and 9. Parikh (8),
modified the column moment-curvature relationships to compensate for
the decrease in bendjng stiffness due to the yielded condition of the
cross-section, for aXia] loads greater than 0.7 Py, where Py represents
the yield load of the column. Burnstiel, (9), formulated the member
stiffness matrix so that it accounted for the gradual penetration of
yielding, including the presence of residual stresses, the spread of
inelastic zones along the member length, and strain reversal in pre-
viously yielded fibres. With this rigorous treatment, however, only
relatively small structures have been analyzed.

References 10, 11 and 12, consider the effect of finite
column width on the lateral stiffness of the structure. Considering
the width of vertical members reduces the clear span of the girders,
thus increasing the bending stiffness and decreasing the fixed end
moments. End hinges are forced to form at the column face. As well,
the rotation of a column of finite width introduces a relative dis-

placement of the ends of the connected girders. The total stiffening 3
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effect is significant in shear wall structures with stiff connecting
beams.

Except for Burnstiel, (9), who used stiffness matrices to
describe member behavior, all other investigators mentioned in this
chapter assumed the moment-rotation response of frame members to be
elastic-plastic. An increment of load is applied to the structure
and the resulting joint rotations and displacements are determined.
The column and girder moments throughout the structure are then cal-
culated, and, if the plastic moment capacity of a section is exceeded,
a hinge is inserted into the structure and the deteriorated structure
reanalyzed. Two basic methods have been used to account for plastic
hinge formation.

The first approach, developed by Jennings and Majid, (6),
involves adding one unknown to the displacement vector, (the plastic
hinge rotation), each time a new hinge is formed. This approach was
extended by Davies, (7), to include hinge reversal, (unloading), by
replacing a closing hinge by a "locked" hinge with a rotational dis-
continuity.

The second method of including the influence of the plastic
hinging regions was developed by Parikh, (8). Slope-deflection equa-
tions, expressing the end moment of a column or girder in terms of the
end rotations and displacements, are first developed. Joint moment
and shear equilibrium equations are derived from the member slope-
deflection equations. The member slope-defiection equations are modi-
fied for the particular hinging configuration in the member, resulting

in changes in the coefficients of the related equilibrium equations.
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No additional unknowns are introduced on the formation of a plastic
hinge. This method has been used in References 4, 8, 10, 11 and 12.
Majumdar, MacGregor and Adams, (11), have presented a method
of analyses in which the structure is Tumped into equivalent frame and
shear wall systems. The advantage of the lumping procedure is the re-
duction in the number of unknown rotations and displacements that is
achieved. Wynhoven and Adams, (12), have extended this procedure to
develop a three dimensional ana1ysis for frame - shear wall structures.
Extensive experimental work has been performed as part of
the process of developing rational and economical design methods for
multi-story braced and unbraced steel frames. Results of combined
loading tests on large scale, multi-story frames are reported in
References 11, 19 and 20. Yarimci, (20), and Yura, (19), present the
results of tests on three-story unbraced and braced steel frames
respectively. Majumdar, MacGregor and Adams, (11), describe the
results of tests on four-story frame - shear wall structures, designed
to simulate the behavior of the lTower stories of large frames. In all
three investigations, the actual test behavior was accurately predicted

by a second order, elastic-plastic analysis.

2.3 Frames Subjected to Vertical Loads Only

The studies outlined in SECTION 2.2 were concerned with the
behavior of frames under combined gravity and horizontal loads. The
results of investigations into the behavior of planar frames subjected

to gravity load only are discussed in this section.



13

When a symmetrical unbraced frame is subjected to symmetri-
cally applied load, its deflection configuration will also be
symmetrical. However as the applied load reaches its critical value,
the structure may buckle into an asymmetrical (or sway) configuration,
and large lateral displacements may develop. At this instant the
frame has lost its resistance to any imposed lateral force, and buckling
has thus terminated the load carrying capacity.

The elastic and inelastic buckling loads of the portal frame,
shown in FIGURE 2.1, are illustrated in the figure. Whether or not
such a frame will buckle with its members remaining elastic depends
largely on the slenderness ratio of its columns. A frame with very
slender columns will buckle elastically, while a frame with more
stocky columns will undergo some yielding prior to buckling. The
buckling load of such a frame may be above or below its simple plastic
beam mechanism load.

Two basic approaches have been developed to study the frame
buckling problem. The bifurcation approach attempts to determine the
load at which frame buckling will occur by computing the vertical load
level corresponding to the existence of both a straight and a deformed
equilibrium position. Numerous studies have been reported on the
inelastic buckling strength of single story frames using this approach
(13, 16, 17 and 21).

The second approach, known as the small-lateral-load approach,
is i1lustrated in FIGURE 2.2. A number of trial gravity loads, (w],wz),
are selected. For each trial load, the response of the frame to a

gradually increasing lateral force, (H), applied at each floor level,
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is analyzed (FIGURE 2.2a). The response is represented by a load - sway
deflection, (H-2), curve (FIGURE 2.2b). On each curve the lateral load

reaches a maximum, Hmax’ at a certain sway deflection. The value of

H X becomes smaller as the gravity load, w, increases. A curve relat-

ma
and w, as shown in FIGURE 2.2c, may be obtained. The critical

ing Hmax
load, WeR» is reached when the curve intersects with the w-axis. This
implies that, at the critical load, no lateral force is required to
produce a sway deflection.
McNamee, (14), approximated the small-lateral-load approach
by considering the behavior of one and two bay frames under proportional
loading, with successive decreases in the percentage of lateral load.
A second order, elastic-plastic slope-deflection formulation, including -
the effect of the stability functions on the column stiffness, was used.
Frame buckling tests were performed on three, three-story, pinned base
frames. The second order, elastic-plastic analysis accurately predicted
the behavior of the test frames. These tests represent the only large-
scale, multi-story, frame buckling tests reported in the Titerature.
The discussion presented above pertains only to symmetrical
frames under symmetrically applied loads. For unsymmetrical frames, or
symmetrical frames subjected to unsymmetrical loads, sidesway deflec-
tions develop from the initial application of load. The situation is
therefore similar to the case of combined loading. No analytical or
experimental studies have been reported for this general case of an
unbraced frame.

In a braced frame, the bracing must be designed to prevent

frame instability under vertical load only. The behavior of braced
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frames subjected to vertical load only is similar to that of unbraced
frames. No studies have been reported on braced frames under vertical

load only.

2.4 Summary

A brief review of available second order, elastic-plastic
analyses for frames subjected to combined vertical and horizontal loads
and vertical loads only is presented in the preceding sections. On
the basis of previous studies, the displacement method of analysis
using slope-deflection equations for members, is chosen for the present
investigation. The slope-deflection equations are modified to include
hinge reversal, so that a greater range of loading sequence possibilities

can be studied.
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CHAPTER III

MEMBER ANALYSIS

3.1 Introduction

The response of a member to an applied load or moment involves
many factors. In the elastic range, the response depends on the loading
condition, the member length, the boundary conditions and the cross-
section properties. As yielding occurs, the member properties are
influenced by the gradual penetration of yielded zones from the extrem-
ities into the web, and the properties then change along the member
length due to the different strain conditions existing in each segment
of the member. The advent of yielding is itself complicated by the
residual strains in various fibres of the member as well as the differ-
ences in material properties that exist in the various plates comprising
the cross-section. Although analyses have been'performed (on very
simple structures) which do account for some or all of the above fac-
tors, it is at this date considered impractical to attempt such an
analysis for large planar frames.

The basic assumption made in the present analysis is.that the
behavior of any frame member can be defined in terms of the elastic-
plastic, moment-rotation, (M-6), relationship shown in FIGURE 3.1. End
moment is plotted as a function of end rotation for a member subjected
to a particular set of boundary conditions. MP’ (or MPC if reduced for

axial load), is the plastic moment capacity of the cross-section;
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eP, (or 6PC)’ is the rotation corresponding to the attainment of the
plastic moment capacity; and P is the axial load on the member. The
member is assumed to remain elastic until the plastic moment capacity
of the section is reached. For rotations greater than eb, (or ePC)’
the section is assumed to remain at the plastic moment capacity,
(except in the case of hinge reversal at the ends of a girder, where
~ the section is assumed to unload elastically). The slope of the
initial portion of the M-6 relationship is proportional to the elastic
flexural stiffness, (EI), of the cross-section. No change is made in
the value of EI due to yielding of the cross-section under high axial
loads.

The "exact" response of a member to an applied moment can be
determined from the material stress-strain relationship, obtained from
steel coupon tests, combined with a knowledge of the residual strain
distribution. The moment-thrust-curvature relationship at a particular
section is determined by integrating the resulting stresses in each
fibre over the member cross-section. The moment-rotation curves for
the member are then obtained by integrating the section moment-thrust-
curvature relationships along the length of the member. Such moment-
rotation curves, accounting for the residual stress distribution, are
presented in Reference 15 for various end moment and axial load ratios.
Typical examples of such curves are shown in FIGURE 3.2. 1In all cases
except that of symmetrical single curvature, (FIGURE 3.2d), the assump-
tion of elastic-plastic moment-rotation member behavior, (represented

by the dashed lines), is excellent.
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For a column in symmetric single curvature the maximum column
moment occurs at midheight due to the secondary P§ moments. Thus the
first hinge to form is at this location. After the formation of the
first hinge, each half of the column is treated separately. Since no
moment increase is permitted at the hinge, the column end moment must
unload as the midheight lateral deflection increases. The end moment-
end rotation relationship derived in this manner is shown as the dashed
curve in FIGURE 3.2d. Agreement with the "exact" curve is good (al-
though the peak of the curve is overestimated). Thus the symmetrical
single curvature case can be handled by an elastic-plastic, moment-
rotation relationship as long as the secondary PSs moments are accounted
for when the maximum column moment is determined.

Inherent in the assumption of an elastic-plastic moment
rotation ke]ationship is the neglect of the spread of inelastic zones
along the length of the member; plastic hinges must form at discrete
points. The elastic-plastic member response is conveniently incor-
porated into the standard slope-deflection equations. Such a formula-
tion is used in the present analysis.

A number of further assumptions are made: it is assumed that
all members are prismatic; shear deformations are neglected; and local
buckling and out of plane behavior are assumed not to effect the member
response. The influence. of the axial shortening of the girders on the
force distribution in the frame is neglected, as is the influence of
the axial force on the stiffness and carry-over factors of the girders.
Diagonal bracing members are assumed to span between the geometric

centers of diagonally opposite joints, and are assumed to resist only



21

axial tension and compression.
The slope-deflection equations for the girders and columns
are developed in SECTIONS 3.2 and 3.3 respectively. An analogous

. approach for diagonal bracing members is developed in SECTION 3.4.

3.2 Girders

| 3.2.1 Girder Response

Girder response is assumed to be elastic-plastic with elastic
unloading, as illustrated in FIGURE 3.3a. In this figure, MAB is the
moment at end A of the girder; Opp is the rotation of end A of the
girdek; op is the rotation of the joint A; 5;5;‘15 the plastic hinge
rotation at A, at the instant of hinge reversal at A; Y and A, are
the changes in Opp and Ops respectively, after hinge reversal at A;
and MP is the plastic moment capacity of the girder. The plastic hinge
rotation at A is the difference between the rotation of the end of the
girder, Op > and the joint rotation, 0y In the loading sequence shown
in FIGURE 3.3b, the numbers 1, 2, 3 and 4 refer to the loading stages
corresponding to FIGURE 3.3a. From stage 1 to 2 the moment increases
linearly with increase in rotation. The slope of this portion of the
moment-rotation curve is a function of the girder section properties,
(elasfic), and the boundary conditions. At stage 2, a plastic hinge
develops at end A. Between stages 2 and 3 the moment remains constant
at its plastic value; the hinge at A continues to rotate. At stage 3,
strain reversal occurs in the plastic hinge as the hinge angle attempts
to decrease. At this stage the hinge becomes locked with a rotational

discontinuity, ®pgp® and the girder moment-rotation curve again becomes
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elastic. Between stages 3 and 4 the hinge rotation remains constant
and the moment at end A decreases elastically.

3.2.2 Girder Slope-Deflection Equations

The girder notation and sign convention are shown in FIGURE
3.4. "A" refers to the column-girder joint at the left end of the
girder; "B" to the right end. Wa and wgp are the widths of the columns
at joints A and B respectively. L is the clear span of the girder.
Moments are clockwise positive acting on the girder; end shears are posi-
tive upwards. An interior hinge is shown at C, a distance x from the
left end of the girder, and y from the right end. Joint rotations are
positive clockwise, and joint deflections are positive downwards. The
inelastic hinge rotation at A, %P> is equal to the difference between
the rotation of the left end of the girder, Opp> and the rotation of
the joint A, 0 Similarly OBAP is equal to OgA=p - The hinge rotation
at C is equal to the rotation of end C of the girder segment CB, minus
the rotation of end C of the girder segment AC. Doubly subscripted
quantities refer to the girders, and singly subscripted quantities to
the joints.

The rotation of a column of finite width introduces a relative
displacement of the ends of the connected girders, as illustrated in
FIGURE 3.5. If joint A rotates an amount Ops the left end of the girder,
in addition to an increase in rotation, is displaced by an amount
A = wAeA/Z. The slope-deflection equations have been modified by Clark,

(10), to include this effect, and are:

[T—
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AB- L AT T T Oa

6E1
+ 2 (Eadg) * Mepg (3.1)
_ 2EI 3E1 YA 4E1 3E1 VB
AT b tT L At %BtTL T %
6E1
+ 2 (Gpog) * Mgy 3.2)

where MAB’ MBA = moments at the left and right end of the girder,
respectively,
®np® ©pA ~ rotations of the left and right ends of the girder,
6p> 0 = rotations of joints A and B,
§ps S5 T vertical displacements of joints A and B, and
MFAB’MFBA = fixed end moments at the left and right ends of
the girder.

3.2.3 Hinge Reversal

Two loading sequence possibilities require the consideration
of hinge reversal at the ends of the girders. FIGURE 3.6a shows a
frame which has hinged under vertical load only. When the frame sways,
due either to frame buckling under increasing vertical loads, or to the
application of a horizontal force, the windward hinge angle, at A,
attempts to decrease in magnitude, as illustrated in FIGURE 3.6b, while
the hinge rotation at B, the leeward side, continues to increase.

Since the plastic hinge rotation cannot decrease, and the girder moment
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at A decreases elastically, the hinge is effectively "locked". The
resulting frame, with a rotational discontinuity at the left end of
the girder, is shown in FIGURE 3.6c.

The action of the hinge at A can be related to the girder
moment-rotation relationship shown in FIGURE 3.3a. Hinge reversal
occurs at the left end of the girder, (joint A), at stage 3. The
plastic hinge rotation is locked at a value EXE;. At stage 4, the

moment, MAB’ is given by the expression:

i 4E1 3EL YA 2E1
Mig = Magp =~ T 20ag - T T 26a~ T 2%a
w
- é%L'EE hég - Q%L (a8p-865) - Mcpp (3.3)

L

where MABP = plastic moment capacity at the left end of the girder.
The prefix A before specific quantities indicates the change in the
particular quantity between stages 3 and 4, (that is to say, from the

time of hinge reversal).

Agpp = A6y = 6;;'— 8y (3.4a)
ABpp = 6;5; - 654 (3.4b)
A8 = 8pp - Op (3.4c)
A8y = San " 8y (3.4d)
ASg = E;E - 8 (3.4e)
Mepg = Mepg ~ Mepp (3.4f)
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where ®ABA ~ rotation at the right end of the girder, at the instant
of hinge reversal at A,
5;;,'5;5 = rotations of joints A and B, respectively, at the

instant of hinge reversal at A,

E;;},E;E = vertical displacements of joints A and B, at the
instant of hinge reversal at A, and,

ﬁ;;g'=’fixed end moment at the left end of the girder, at the
instant of hinge reversal at A.

Substituting EQUATIONS 3.4 into 3.3 and rearranging:

Wa. EI 2E1 3E1 VB
Mg = (M43 ) T 0p + T 6pp + T 93
6EI Ay EI —
tz (0p0g) ¥ Mppg * Mg - (443 1) [ oy (3.5)
2E] ——  3EI WB —  6EI
“TC%BAT T T % - [f"'(GAA - Spag) " Meap

After hinge reversal at A, the girder rotation at A is given by:

6ag = 8a * Cpgp (3.6)

Substituting EQUATION 3.6 into 3.2 and rearranging:

Wa 4E1 3E1 ¥
= (23 ) = L At T %8t T T OB
GEI 2E1 ——
(85-6g) + Megp *+ =T €ppp (3.7)

Similarly, after hinge reversal at B, MAB and MBA are given

by the following expressions:
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—

W W
_4EL 3E1 ¥ By EI
Mg =T s " T T ot (@37 o
(3.8)
6E1 2E] ——
Lz (8p-8g) + Mepg *+ =7 6ppp
2E1 3E1 YA B, EI
Mea = T P T T T eat (443 ) o
6EI 2E] ——  3EI "B —
* 7 (n70g) * Mpga * Mapp = 5T 8pag - T T Opa (3.9)
"B, EI —  6El ,~ — S
(443 ) T ogp - Z (spa-Sgg) - Mepa

where EEX; = plastic hinge rotation at the right end of the girder,
at the instant of hinge reversal at B,
EEXE = rotation of the left end of the girder, at the instant
. of hinge reversal at B,
EE;, 5EE = rotations of joints A and B, respectively, at the
instant of hinge reversal at B,
EEA’ EéB = vertical displacements of joints A and B, at the
instant of hinge reversal at B,
MFE;'= fixed end moment at the right end of the girder, at the
instant of hinge reversal at B, and,
MBAP = plastic moment capacity at the right end of the girder.
Comparison of EQUATIONS 3.5, 3.7, 3.8 and 3.9, with EQUATIONS
>“3.1‘and 3.2 shows that the expressions for MAB and MBA’ after hinge

reversal at either A or B, are similar to the corresponding expressions
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prior to hinge reversal. The difference is a single constant term,
(or combination of terms), that can be evaluated at the instant of
hinge reversal.

Two assumptions are made regarding hinge reversal in the
girders. The first is that hinge reversal will not occur at an
interior hinge. In the situation where an interior hinge would form
under vertical Toad, a superimposed sway motion would cause the hinge
rotation to increase. The second assumption is that hinge reversal
can occur in only one end of any girder. For the loading sequence
possibilities considered in this dissertation, this would normally

be the case.

3.2.4 Girder Hinge Configurations

In this section the different girder hinging possibilities
are discussed, and the modifications to the standard slope-deflection
equations necessary to account for the inelastic action, are presented.

A plastic hinge may develop at either end of a girder, or
within its length. Once formed, a hinge is assumed to remain in its
original position. The different hinge configurations considered in
the analysis are illustrated in FIGURE 3.7. Girders in each of the
sixteen hinge patterns are shown. The possible sequences of hinge
formation and reversal are indicated by arrows. In configuration 1,
the girder is elastic. Suppose, under increasing load, the plastic
moment capacity of the section is exceeded at the left end. A plastic
hinge is inserted and the girder hinge configuration changes from 1 to

2. If a hinge then forms at the right end, the girder is in hinge
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configuration 5. Suppose a lateral load is applied to the frame caus-
ing the frame to sway to the right. The hinge at the left end of the
girder reverses. The girder, with a rotational discontinuity at the ;
left end, is now in configuration 13. If a further hinge develops in
the interior, the girder is finally in configuration 20. Many other
sequences of hinge formation are possible.
The slope-deflection equations are modified to include
plastic hinging under the following conditions:
1. At the end of a member which does not contain a plastic
hinge, the rotation of the end of the girder is equal to
the joint rotation. The moment at such an end is dependent
on the girder rotations, displacements and loading. :
2. The moment at a hinge is equal to the plastic moment capacity
of the girder. The appropriate girder slope-deflection
equation can then be used to express the inelastic hinge
rotation in terms of the member loading condition and the
joint rotations and displacements at its ends.

The slope-deflection equations may be expressed in the form:

=
!

B = CAleA + CAZGB + CA3 (sA-as) + CA4 + CA5 (3.10)

M

BA = Cp16a * Cpofp * Cg3 (84-6g) + Cpy + Cap

The values of the coefficients CA]’ CAZ’ CA3 and CA4’ and CB]’ CBZ’

CB3 and CB4’ are summarized in TABLES 3.1 and 3.2 respectively. CA5

and CB5 are constants computed at the instant of hinge reversal. They
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are giVen in TABLE 3.3. Expressions for the plastic hinge rotations

for each of the hinge configurations are summarized in TABLE 3.4.

3.3 Columns and Shear Walls

3.3.1 Introduction

The primary function of a column in a multi-story structure
is to carry the moments and forces from the members framing into it.
It may also be required to contribute to the lateral stiffness of the
structure. A shear wall, on the other hand, is designed primarily to
resist lateral forces. Shear walls are normally many times stiffer
than columns, and are usually much greater in width. It is not un-
common for a shear wall in a service core area to be one million times
stiffer than a typical column, and have a width equal to the story
height. In the present analysis columns and shear walls are treated
identically.

The behavior of a structure can be considerably influenced
by the width of columns or shear walls. The clear span of the girders
is reduced and the girder hinges are forces to form away from the
column centrelines, increasing both the strength and lateral stiffness
of the frame. The lateral stiffness of the frame is also increased due
to the greater rotational restraint afforded by the girders as they
undergo a relative displacement due to column rotation, (as discussed

in SECTION 3.2.2).

3.3.2 Column Response

The response of a column in the structure is assumed to be
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elastic-perfectly plastic, as illustrated in FIGURE 3.8. The moment
at the lower end of the column, MLU’ is plotted as a function of the
rotation of the lower end of the column, oLy For given boundary condi-
tions, it is assumed that an increase in end rotation will result in an
increase in moment, until the plastic moment capacity of the column is
reached. The end moment is thereafter held at the plastic moment
capacity of the section, regardless of any change in end rotation.

The effect of axial Toad on the stiffness and carry-over
factors for a column is considered by using the stability functions,
C and S, as tabulated in Reference 23. Also considered, is the effect
of axial Toad on the plastic moment capacity of the cross-section.

The plastic moment capacity of a column is given by the equations (23):

_ p
Mog = Mo , £ 0.1 (3.12)
y
Mo = 1.18 M, (1 - 2) P . 0.15 (3.13)

pc = 1-18 M R M .

where MPC = plastic moment capacity of the column, reduced for axial

load,

=
I}

p plastic moment capacity for the column without axial load,

o
1

axial load in the column, and,

-
1l

yield axial load in the column.
If the column axial load changes after the formation of a plastic hinge,
the hinge is maintained and the moment at the hinge is adjusted accord-

ing to EQUATIONS 3.12 and 3.13.

[U——
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Not considered in the analysis is the effect of residual
stress on the column stiffness. Assuming a maximum compressive
residual stress of 0.3 Oy (where oy is the yield stress of the
column), yielding of portions of the column cross-section, for axial
load ratios, (P/Py), greater than 0.7, will reduce the effective

moment of inertia of the column. This effect is ignored.

3.3.3 Column Slope-Deflection Equations

The column notation and sign convention are shown in FIGURE
3.9. "L" refers to the column-girder joint at the lower end of the
column; "U" to the upper end. P is the column axial load, positive

in compression, and h represents the column height. Bending moments

are clockwise positive acting on the column ends; end shears are positive

to the left. An interior hinge is shown at D, a distance x from the
lower end of the column, and y from the upper end. Joint rotations
are positive clockwise, and the vertical deflections of the joints

are positive downwards. Story sway is positive to the right. The
plastic hinge rotation at the end of the column, (eLUP or GULP)’ is
equal to the difference between the member end rotation, (eLU or eUL),
and the corresponding joint rotation, (eL or eU). The inelastic
rotation at D is equal to the difference in slopes of the column
segments LD and DU at D. Doubly subscripted quantities refer to

the columns; singly subscripted quantities to the joints.

The basic slope-deflection equations for columns are:

= CEI SET (C+S)ET , _
M= Syt TRHeyuL t 2 (AL AU) (3.14)
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M. = §El 9, .. + CEL Lt C+52EI (a (3.15)
h

uL wh G LBy)

where MLU’ MUL = moments at the lower and upper ends of the column,

respectively,

Oy Oyl = rotations of the lower and upper ends of the column,
As Ay = sways of the upper and lower ends of the column,

E = modulus of elasticity

I = moment of inertia, and

h = column height.

C and S are the stability functions discussed in SECTION 3.3.2. For
columns subjected to a tensile axial load, C is taken as 4, S as 2.
The maximum interior column moment, including the effect of

axial load, is given by the expression (10):

5 5
/M. 24 M 24 oM M. cos Kn

MAX ~ sin Kh

where K = /(E:

El

| MMAX occurs a distance x from the lTower end of the column, given by:

M, + M. cos Kh
R S B TR T
x=gtan " [ My sin Kh ]

(3.17)

3.3.4 Column Hinge Configurations

Since hinge reversal in the columns is not considered, only
eight hinge configurations are required. These are illustrated in
FIGURE 3.10. The possible sequences of hinge formation are indicated

by arrows.
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The slope-deflection equations are modified to include plas-
tic hinging in the same manner as for the girders. The equations may

be expressed in the following form:

M C,,0 +C (3.18)

Lu = CadL * Clady * Gz (a-ay) + €y

M (3.19)

uL = Cur®L * Cydy + Cyz (ap-ay) + Cyy
The values of the coefficients CL]’ CL2’ CL3 and CL4’ and CU]’ CU2’
CU3 and CU4 are summarized in TABLES 3.5 and 3.6 respectively.

Expressions for the plastic hinge rotations for each of the hinging

configurations are giveh in TABLE 3.7.

3.3.5 Axial Shortening

The present analysis considers the effects of axial column
shortening on the force distribution in the structure. A column sub-
jected to axial load is assumed to behave elastically. The axial

shortening, §, may be expressed as:

_ Ph
§ = IF (3.20)
where P = axial force in the column,
h = column height,
A = column area, and,
E = modulus of elasticity.

EQUATION 3.20 may be rearranged into a more suitable form:

p = ﬁ—E (5,76, (3.21)
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where GU’GL = vertical deflections of the joints at the upper and lower

ends of the column, respectively.

3.4 Diagonal Bracing

3.4.1T Member Response

Diagonal bracing members are considered capable of transmitt-
ing\on]y axial forces. The assumed load-deformation relationship for
a typical bracing member is shown in FIGURE 3.11. The axial load in
the brace, P, is plotted as a function of the brace elongation, e. Py
is the yield load of the brace in tension, (equal to the area of the
brace multiplied by the yield stress). PCR is the critical axial Tload
of the brace in compression. Since the brace is not assumed to trans-

mit moment, it can be considered as pinned at each end. The critical

axial load is defined as the Euler load:

PCR = EEE%%E (3.22)
where E = modulus of elasticity,
A = area of the brace,
r = minimum radius of gyration of the brace, and,
L = length of the brace.

The Euler load is the critical axial load for siender bracing members,
(such as Tight angles). However the radius of gyration of the brace is
assumed to be independent of the other properties of the bracing member,
so that the critical axial load in compression can be adjusted by

specifying a ficticious value of r. Thus the critical axial load of
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more stocky bracing members, (which would buckle inelastically), can be
accounted for, as well as the critical axial load of diagonal members
which are fastened at midlength. Braces acting in compression can be

neglected entirely by setting r = 0.

3.4.2 Diagonal Bracing Load-Deformation Equations

The diagonal bracing notation and sign convention are shown
in FIGURE 3.12. Two different diagonal braces are considered: TYPE 1
which slopes upward to the left, and TYPE 2 which slopes upward to the
right. These are illustrated in FIGURES 3.12a and 3.12b respectively.
"U" refers to the joint at the upper end of the brace, "L" to the lower
end. Ay and A are the sways of the joints at the upper and lower ends
of the brace, respectively. 8y and § are the vertical deflections of
the joints. L is the length of the diagonal brace. In FIGURES 3.12c
and 3.12d, the change in length of the brace, e, due to a relative
sway of the ends of the brace, A, is illustrated for a TYPE 1 and TYPE
2 brace respectively. In FIGURES 3.12e and 3.12f, the change in Tength
of the brace, due to a relative vertical displacement of the ends of
the brace, &, is illustrated for the two types of braces. The axial
Toad in the brace is considered positive in tension. Sway is positive
to the right and vertical deflection is positive downwards.

The axial load-deformation relationships for the diagonal
bracing members are:

TYPE 1:

FX = ég-sina cosa (GL-GU) + %E-coszu (AL-AU) (3.23)



[R—

36

O

AE . 2 AE .
Fy = T sine (aL-aU) + [ sina cosa (AL;AU) (3.24)
TYPE 2:
Fy = L5 sina cosa (8 -8,) - T cos‘a (4, -2y) (3.25)
. 2 X .
FY = %E sin“a (6L-5U) --%E cosa Sina (AL-AU) (3.26) :
where FX = horizontal component of axial force in the brace,
FY = vertical component of axial force in the brace,
A = area of the brace,
E = modulus of elasticity,
L = length of the brace, ’
8 58y = vertical deflection of the joints at the lower and

upper ends of the brace, respectively,
Ay by = horizontal deflection of the joints at the lower and
upper ends of the brace, and,

o = angle between the brace and the horizontal.

3.4.3 Yield Configurations

Three yield configurations are considered for diagonal brac-
ing members. In yield configuration 1, the brace is elastic. In yield
configuration 2, the brace has yielded in tension. In yield configura-
tion 3, the brace has buckled in compression. The axial load-
deformation relationships for each of the yield configurations are

expressed in the form: ;
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TYPE 1
Fx = Cp18L = Cpydy * Cpgt - Cppdy * Cps (3.27)
FY = CD36L CD36U + CD]AL - CD1AU + CD4 (3.28)
TYPE 2:
Fx = Cp18L - Cpidy = Cpaby * Cppty + Cps (3.29)
Fy = Cp38i - Cp3dy = CpydL * Cpyty + Cpg (3.30)

The coefficients CD]’ CDZ’ CDS’ CD4 and Cps are summarized for the
different yield configurations in TABLE 3.8.

A bracing member in a yielded or buckled configuration is
assumed capable of again becoming elastic if the axial extension be-
comes less than the yield or buckling values, respectively. No modi-
fication to the elastic load-deformation equations are necessary in

either case.
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HINGE
CONFIGURATION Sagp>%8ap>9cp+S¢
1
“p Wg
8.8
A%
- 1.5 AL
3 0 = <o My o-M)-(0.5+0.75 ﬁA-)e -(140.75 Yﬁ)e
sap = ZET\Mpap~Mppa/-10.540.75 778, 75 1%
8.8
A%
- ] 5 ._L_.
w 8,-68
X Ay, L AC
w Sa=6
S
- E%T(MCBP-MFCB)+(O.5+O.75 ——)e +1.5 -
2,2 >
8¢ = Siy? {y[3er{Meac-0-MecatT-SMeppta )
w o\
A\d 1
1
- X[3er (Mepe=0-5Mpcp*1.5Mepp-Mp )
W
B\1 1
+(140.5 )5 og+ ;?'GB]}
5 = L (oM “2M_ o tM_ ) =(140.5 ﬁA)e
Oagp = BET2MagpMeap~2MragMrBA -5 %
Wp Sp-Sp

L "
= 2T (2Maap~Magp=2MrgatMeag) -0-5 T 4

2%

"B
-(1+0.5 —L-)GB -7

. continued
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. continued
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HINGE
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CHAPTER IV
FRAME ANALYSIS

4.1 Introduction

In the previous chapter the behavior of individual frame
members, as characterized by their M-¢ relationships, was presented.
This chapter deals with the analysis of the complete structural
frame. In the following sections, the frame arrangement and loading
pattern, the formulation of the equilibrium equations, and the method
of solution are discussed. The development of a computer program to

trace the response of the framework is outlined.

4.2 Frame Arrangement and Loading Pattern

4.2.1 Frame Arrangement

The type of frame considered in the analysis is shown in
FIGURE 4.1. The structure is a regular, rectangular, multi-story,
multi-bay planar frame. The columns and the girders are rigidly
connected to one another, and the bottom story columns are assumed to
be connected to the foundations by springs providing a specified
degree of rotational stiffness. Pin-ended diagonal bracing members
can be included in any bay or story. The effect of the width of all
vertical members is considered in the analysis. Plastic hinges in
the girders are assumed to occur at the face of the columns. However,

since the finite depth of the girders is not considered, the column
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hinges occur at the intersection of the centrelines of the columns and
girders. The size of the frame which can be considered is limited only
by computer capacity.

The column lines are numbered from 1 to M. Floor levels are
numbered from 1 to N; level one is taken at the foundation. The
stories are numbered with reference to the level below. A structural
joint, (column-girder intersection), is designated as JOINTm’n, where
m is the column line, and n the floor level. The structural members,
and the joint rotations and displacements, in the vicinity of JOINTm,n
are shown in FIGURE 4.2. A girder is designated as Gm,n’ where m and
n refer to the joint at the girder left end. A column is designated
as C_ ., corresponding to the joint at its lower end. A diagonal

m,n

bracing member is designated as B » where m and n refer to the

m,n,i
Joint at its lower end, and i refers to the type of brace. A type 1
brace slopes upward to the left, a type 2 brace upward to the right.
Other bracing systems, such as the K-bracing system illustrated in
FIGURE 4.3, can be considered by including a "fictitious" column stack

with zero area and moment of inertia.

4.2.2 Loading Pattern

In order to consider various loading sequence possibilities,
five different loading systems are assumed to act on the frame, as
shown in FIGURE 4.4. The live load, wLL(m,n), and the dead load,
wDL(m,n), acting on the girders are considered separately. Both are
assumed to be distributed uniformly over the length of the span,

however, the Tive load may be incremented while the dead load remains
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fixed in magnitude throughout the analysis. Concentrated vertical
loads, V(m,n), are assumed to act at each joint. These loads may
include allowances for the weights of walls, partitions and columns.
In addition, the vertical joint loads may be used to adjust column
axial loads if different live load reduction factors are used for
girders and columns (15). In order to simulate the behavior of the
Tower stories of a multi-story frame, column top vertical loads,

P(m), are included. Lateral loads, F(m); which simulate the action
of wind or earthquake forces, are assumed to be concentrated at each
floor level. A1l load systems, (except the dead load on the girders),
may be incremented independently, however, all loads within a parti-
cular system must increase proportionately. The use of the various
10ading systems permits consideration of the behavior of structures
subjected to vertical loads only, to constant vertical loads and
increasing horizontal loads, or to vertical and horizontal loads which

are in proportion to one another.

4.3 Equilibrium Equations

4.3.1 Introduction

The frame analysis technique is based on a displacement
formulation in which moment and force equilibrium equations are
satisfied at each joint and for each story of the structure. The
equilibrium equations are expressed in terms of the joint rotations
and displacements, using the member force-displacement equations
developed in CHAPTER III. The resulting system of equations is
solved for the joint rotations and displacements, which are then used

to determine the member forces and moments throughout the structure.
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In the following sections, the moment equilibrium equations,
the vertical force equilibrium equations, and the story shear equili-

brium equations, are developed.

4.3.2 Equilibrium of Moments

The moments and forces at the ends of the members framing into
JOINTm,n are shown in FIGURE 4.5. The forces act in the positive
directions, as assumed in the derivation of the member force-displacement
equations. For moment equilibrium, the sum of the moments at any given

joint must be zero; for JOINTm n this may be expressed as:
L]

- MAB(m,n) - MBA(m-l,n) - MLU(m,n) - MUL(m,n-l)

c wC

w
+ Vpp(m,n) —E‘ZL‘- - Vg, (m-1,n) —"lzr“—‘ =0 (4.1)

where MAB(m,n), MBA(m-1,n), MLU(m’") and MUL(m,n-1) are the moments at
the ends of the girders and columns framing into JOINTm n? and are
]

given by EQUATIONS 3.10, 3.11, 3.18 and 3.19 respectively. The terms

Wcm,n-] wcm,n-]
VAB(m,n) —5— and VBA(m-],n) — — are the moments produced by
the shears at the ends of the girders acting at the face of the column.
Referring to FIGURE 4.6, VAB(m,n), the shear at the left end of

GIRDERm,n, is given by:

Myn (myn)+Mg, , (m,n)
Vpg(mon) =V (m,n) - AB C nBA (4.2)

where VWA(m,n) is the shear at the left end of GIRDERm n due to the

applied load on the girder, (equal to gL for a uniformly distributed

load w). Similarly,
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MAB(m-l,n)+MBA(m-],n)
L

VBA(m-],n) = VwB(m-l,n) + (4.3)

m-1,n
where V B(m 1,n) is the shear at the right end of GIRDER 1, o due to
the applied load on the girder. Similar terms do not arise due to the
column shears, because they are assumed to act at the centreline of
the joint (the effect of the girder depth is ignored).

Substituting EQUATIONS 4.2 and 4.3 into EQUATION 4.1 and

rearranging:

wC
" yg(mn) [1+ 5Pt SRaely g (mn) [

n m,n
] e n-1
- M, (m-1,n) [—-———"——] (m-1,n) [1 + 522
AB 2Ly n Mg 2Ly q
WCm n-1
- MLU(m,n) - MUL(m,n-1) + ———i———{VwA(m,n)-VwB(m-1,n)] =0

(4.4)
Substituting EQUATIONS 3.10, 3.11, 3.18 and 3.19 into
EQUATION 4.4, and defining

a=1+ m,n-1
2Lm,n
WC
b = —M,n-1
2Lm,n
wC
c = ZLm,n-l’ and
m=-1,n
wC
_ m,n-1
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the moment equilibrium equation may be expressed as:
-[a CA](m,n)+b CB](m,n)+c CAz(m-l,n)+d CBz(m-1,n)
+ CL](m,n)+CU2(m,n-])]6m’n-[a CAZ(m,n)
+b CBZ(m’")]em+l,n'[c CA1(m-],n)+d CBi(m-1,n)]
em-],n - [CLZ(m’n)]em,n+1'[CU](m’n'])]em,n-l
- [a CA3(m,n)+b CB3(m,n)-c CA3(m-1,n)-d CB3(m—1,n)] Gm,n
- [-a CA3(m,n)-b CBB(m,n)] 6m+1,n
= [c Cyz(m-1,n)+d Cya(m-1,n)] dm_],n-[CL3(m,n)—CU3(m,n-1)]
An—[- CL3(m,n)]An+] - [CU3(m,n-1)]An_]
= [a CA4(m,n) +b CB4(m,n) +c CA4(m-1,n) +d CB4(m—1,n)
+ a CAs(m,n) + b CBS(m’") +c CA5(m-1,n) +d CBs(m-l,n)
we

+ G g(min) + Cup(mn-1) + —B40=L (y o (m1,0)-y y (m,0))] (4.5)

EQUATION 4.5 is the general equation for the moment equilibrium
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of JOINT It may be specialized for an exterior joint by dropping

m,n’
terms corresponding to a girder or column which does not exist. The
moment equilibrium at the base of a column cannot be handled by EQUATION
4.5. Consider the column-support joint illustrated in FIGURE 4.7. The
column, Cm,]’ is assumed pinned at its base, with a rotational restraint,

Km’ offered by the support. The moment equilibrium equation at the

support is:
-Ke - =0 (4.6)

where em 1 is the rotation of the column base.

Substituting EQUATION 3.18 into EQUATION 4.6:

- [CL](m’])+Km]em,1 - [CLz(m’])]em,Z

+ [CLB(ms])]AZ - [CL4(ms])] =0 (4~7)

EQUATIONS 4.5 and 4.7 express the moment equilibrium relationships of

the structural frame.

4.3.3 Equilibrium of Vertical Forces

Vertical force equilibrium equations are written at each
joint in the frame. Again referring to FIGURE 4.5, the sum of the

vertical forces at JOINTm n must be zero:

b

Vm,n + P(myn) - P(m,n-1) + VBA(m—1,n) + VAB(m,n)

+ Fy(m+1,n-1,1) + Fy(m—],n-1,2) - Ey(m,n,l) - Fy(m,n,2) =0
(4.8)
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where Vm,n is the applied vertical joint load,

P(m,n) and P(m,n-1) are the axial forces in the columns above
and below JOINTm,n, respectively,

VBA(m-l,n) and VAB(m,n) are the shears at the ends of the
framing girders, and,

Fy(m+1,n-],1), Fy(m-],n—],Z), Fy(m,n,]) and Fy(m,n,z) are the
vertical components of the axial forces in the diagonal
bracing members framing into the joint.

Substituting EQUATIONS 4.2 and 4.3 into EQUATION 4.8 results in:

Vv 0t P(m,n) - P(m,n-1) + VwB(m—l,n)

m,
MAB(m-l,n) + MBA(m-l,n) MAB(mgn) + MBA(m,n)
* T + Vya(msn) - T
m-1,n m,n

+ Ey(m+1,n—1,1) + Fy(m-l,n-l,z) - Fy(m,n,]) - Fy(m,n,Z) =0
(4.9)

and substituting the member force-displacement relationships,
(EQUATIONS 3.10, 3.11, 3.28 and 3.30), into EQUATION 4.9 produces
the vertical force equilibrium equation in terms of the joint dis-

placements:

CAz(m-l,n) + CBz(m—l,n) ) CA](m,n) + CB](m,n)
L L

] em,n

m-1,n m-1,n

CA1(m-1,n) + CB](m—l,n) ) CAz(m,n) + CBz(m,n)

- Je
Lm-],n m-1,n Lm,n m+1,n

+ [
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) [CAB(m-l,n) + CB3(m-1,n) . CA3(m,n) + CB3(m,n)

Lm-],n Lm-],n

Ac(m,n) EC(m,n) Ac(m,n—1) EC(m,n—1)

+

hn hn—]

+

+ CD3(m+1,n-1,1)

+ CD3(m-1,n-1,2) + CD3(m,n,1) + CD3(m,n,2)] S

CA3(m-l,:) + CB3(m-1,n)](S . [CA3(m,n) + CB:,,(m,n)](S

m-1,n m-1,n Lm,n

+L

m+1,n

Ac(m,n) EC(m,n) AC(m,n-l) EC(m,n-l)

18 +1 16
h, m,n+l hoq

+[ m,n-1

+ [CD3(m+l,n-1,1)]6 + [CD3(m-1,n-1,2)]6

m+1,n-1 m-1,n-1
+ [Cpgmama 1) I6p_g paq + [Opg(mns2)Isyq oy

+ [CD](m-l,n-l,Z) - CD](m+1,n-1,1) + CD1(m,n,2) - Cm(m,n,1)]An

+ [Cy (mt1,n-1,7) - Cpy(m-1,n-1,2)]a

-+

[CD] (m,n ,] ) - CD] (msn sz)]An+]

[CA4(m-1,n) + CB4(m—1,n) + CAs(m-1,n) + CBS(m-l,n)
Lm—],n
CA4(m,n) + CB4(m,n) + CAs(m,n) + CBs(m,n)

Lm,n

+

CD4(m+1,n-],]) + CD4(m-1,n-],2) - CD4(m,n,1) - CD4(m,n,2)
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+ VWB(m-1,n) + VWA(m,n) + Vm,n] (4.10)

In the top story the external applied axial load, P(m), is included

within the brackets on the right hand side of the equation.

4.3.4 Equilibrium of Horizontal Forces

Since axial shortening of the girders is not considered, all
columns in a given story will undergo the same sway displacement. It
is therefore necessary to write only one horizontal force equilibrium
equation per story. In order to include the P-A moments, the-story
shear equations must be formulated on the deformed structure. A
section of a multi-story structure is shown in FIGURE 4.8. Floor level
n is given a horizontal displacement relative to floor levels n-1 and
ntl. The forces acting on the girder at level n are shown in their
positive direction. FX represents the horizontal component of the
axial forces in the diagonal bracing members. VLu and VuL are the
horizontal forces at the lower énd upper ends of the columns. Fn is
the applied story horizontal load. The axial forces in the columns
are also shown. The sum of the horizontal forces acting on the girder

must be zero:

i )+ 1 Vg m-l) + T F(

F + V,,(m,n) + Vi, (myn-1) + F_(m,n,2)

L m=1 Ut m=1 %
M M M-1

- 1 Fmn,1) + } F (mn-1) - ] F (mn-1,2) =0 (4.11)
m=2 m=2 m=1

Consider the columns in story n and story n-1, as shown in FIGURES

4.9a and 4.9b, respectively. The moments, shears and axial forces are
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shown in their assumed positive directions. Taking moments about the

upper end of column m,n:

0 (mn) - P(m,n)(An-An;])-MLU(m,n)-MUL(m,n) (4.12)
n

and about the lower end of column m, n-1:

P(m,n-l)(An'An_1)+MUL(m’n'])+MLU(m’n—]) (4.13)

VUL(m,n—l) = hn-]

Substituting these values of VLU(m,n) and VUL(m,n-l) into EQUATION

4.11, results in

[P(msn)An'P(msn)An+]'MLu(msn)'MUL(m9n)]

He1X

1
F +—
n hn m=1

=

1
1 mZ] [P(m,n-l)An-P(m,n-1)An_]+MLU(m,n-1)+MUL(m,n_1)]

T E 2 - ] F(mnd) ] )
+ F_(m,n,2) - F (myn,1) + F (m,n-1,1
m=1 * m=2 X m=2 X

M-1

- L Fmn-1,2) = 0 (4.14)
m=

Substitution of EQUATIONS 3.18, 3.19, 3.27 and 3.29, into EQUATION

4.14 produces the story shear equilibrium equation:
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M { CUZ(m,n-1)+CL2(m,n-1) ) CL](m,n)+CU](m,n)

h B 160,10}

n-1 n

M C ,(m,n)+C, ., (m,n)
kb 5

+
m=1 n m,nt+l

M {CU](m,n-1)+CL](m,n-])

ho 1 em,n-l}

+

m=1

M-1 M
+ mZ] {CD](m,n,Z)Gm,n} - mZZ {CD](m,n,l)ém,n}

M-1 M
- mZ] {CD](m,n,2)6m+]’n+]} + mZZ {CD](m,n,1)6m_]’n+]}

M M-1
M M-1

- 22 {CD](m,n-l,l) Gm-l,n} + m=§ {CD](m,n-l,Z)G

}
me m+1,n

M P( ’ )_c ( H )'C ( s ) P( ’ '])'C ( ’ '] 'C ( ’ ‘]
. Z] [ m,n)-C 5 ? n)-Cyz(m,n \ m,n L3hm : ) y3{m.n )]
= n n_

M-1 M
= mZ] [CDz(msn92) + CDZ(m’n-]’Z)] - mzz [CDz(m,n,])

+ CDz(m,n-1,1)]} A,



M P(m,n)-C, ,(m,n)-C, ,(m,n) M-1
2 [ L3 h U3 ] + z CDz(m:nsz)
m=1 n m=1

+ {-

M
+ 1 Chy(m,n,1)3A
ne2 D2 n+1

M -P(m,n+1)+C, ,(m,n-1)+C,,,(m,n-1) M-1
+ { z [ Lﬁ U3

] + Z C (m3n']32)
m=1 D2

=1 n-1
1 (mn-1.0)
+ Chr(m,n-1,1)3A
mep D2 n-1
R M CL4(m,n)+CU4(m,n) CU4(m,n-1)+CL4(m,n-])
=-{F,+ I [ B + n ]
m=1 n n-1

M-1
+ C 'Y ’2 -C ( ’ _]’2)]
mZ] [Cp5(m.n.2)-Cpglm.n

M
+ ZZ[CD5(m,n-],1)-C05(m,n,])]}
m=

4.4 Solution of the Equilibrium Equations

4.4.1 Introduction
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(4.15)

The moment and vertical force equilibrium equations at each

joint, and the shear equilibrium equations for each story may be expressed

in the form:

[A] {x} = {b}

where {x} is the vector of the unknown joint displacements,

(4.16)

{b} s the load vector, corresponding to the vector {x} , and,
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[A] is the coefficient matrix relating {x} and {b}. The total
number of unknown joint rotations and displacements in the structure is
equal to (2M+1)(N-1)+M, where M is the number of column stacks and N is
the number of floor levels. Thus the square matrix [A] is of order
(2M+1)(N-1)+M. However for large structures many of the terms of [A]
are zero.

Each of the equilibrium equations at a given floor level will
only include the unknown rotations and displacements at that level and
the levels immediately above and below. By numbering the unknowns
across each story, the band width in the coefficient matrix is re-
stricted to three times the total number of unknowns per story. Because
the vertical load in the columns is assumed to be known for each cycle
within a given load increment, and the structure is linearly elastic
for this same cycle, the coefficient matrix is symmetric. Thus only
those terms on or above the major diagonal must be stored. For a
forty-story, three-bay frame, (N=41,M=4), this technique permits a
reduction in the required storage for the coefficient matrix from
364 x 364 elements to 364 x 18. The procedure used to number the
unknown rotations and displacements is illustrated in FIGURE 4.10 for
a five-story, two-bay frame. The only unknowns at the ground level
are the column base rotations, which are numbered consecutively from
left to right. For each subsequent floor level, the story sway
deflection is first numbered, followed by the joint rotation and

vertical displacement at each successive column across the story.



79

4.4.2 Method of Solution

The method adopted for solving EQUATION 4.16 is a modified
Gauss Elimination procedure. A direct solution technique was selected
so that the computation time could be determined for a particular size
of structure. For large matrices the use of an iterative solution,
such as Gauss Seidel, may take considerable time to converge to an
acceptable result (24). The accuracy of a direct method is more
easily influenced by error propagation during solution, and for large
systems of equations this aspect must be considered before accepting
the answers obtained.

In the direct solution technique used, the terms of the
coefficient matrix, [A], below the major diagonal are transformed,
row by row, to zero. The vector of unknown displacements is determined
by back substitution, using the resulting triangular coefficient
matrix and the load vector.

Each time EQUATION 4.16 is solved, the determinant of the
coefficient matrix is calculated. The magnitude of the determinant
decreases as the structure enters the inelastic range and plastic
hinges form. This reflects a decrease in the structural stiffness.

As the slope of the load-displacement curve approaches the horizontal,
the coefficient matrix approaches a singular condition. In the
analysis, the structure is linearly elastic between the formation of
successive hinges (except for the effect of changes in the column
axial forces on the stiffness of the structure). Thus the determinant
changes by a discrete amount each time a new hinge forms. In this

procedure the possibility of the determinant actually becoming zero
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is remote. When the maximum load-carrying capacity of the structure
is reached the determinant changes sign and the load must be decreased

to achieve equilibrium under increasing deformation.

4.5 Computer Program

The method of analyses described in the preceding chapters
was programmed in FORTRAN IV for the IBM 360/67 system. In this
section the logic of the program, and the function of each of its
subroutines, is briefly described. The nomenclature used in the
computer program is given in APPENDIX A.1. The flow diagrams for
the individual subroutines are presented in APPENDIX A.2. The
necessary input data is outlined in APPENDIX A.3, and the program
listing is given in APPENDIX A.4. The accuracy in the computer solu-
tion is checked in APPENDIX A.5.

The frame analysis proceeds in the following manner:

1. The frame geometry, member properties, design loads and
loading sequence information are read into the program.

2. The plastic moment capacities of the girders and the
critical axial loads of the bracing members are determined.

3. The member stiffness coefficients, which are independent
of load, are calculated.

4. For the particular load increment in question, the Toads
to be applied to the frame are determined.

5. The terms of the equilibrium equations dependent on the
applied load on the girders are calculated.

6. The axial load in the columns is estimated, based on the

known axial load from the previous load increment, and any
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12.

13.

14.
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additional applied vertical load.

The plastic moment capacity and stiffness coefficients of
the columns are determined.

The equilibrium equations are formulated and solved for the
unknown rotations and displacements. The determinant of the
coefficient matrix is also calculated at this stage. If the
determinant has changed sign the program returns to step 4,
and the load on the structure is decreased.

The column axial loads are calculated. If the axial Toads
differ by more than 1% from those assumed in step 6, the
program returns to step 7 with the new values of axial load.
Using the member force-displacement equations, the member
moments and forces are determined.

The inelastic hinge rotation at each plastic hinge is
calculated.

The girders and columns are checked for additional plastic
hinging and the bracing members for the attainment of their
critical axial loads. If any new member hinge or yield
configurations are detected, the program returns to step 3,
and the structure is re-analyzed for the given loads.

The story shear forces are summed to check the accuracy of
the solution.

The inelastic hinge rotations in the girders are compared
with those of the previous load increment. If hinge reversal
is detected the program returns to step 3, and the structure

is re-analyzed for the given loads.
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15. At this stage the program returns to step 4, to analyze the
frame for the next increment of load.

The MAIN program controls the frame analysis. Its primary
function is to call the subroutines which perform the necessary cal-
culations at different stages of the analysis. Subroutine READ per-
forms steps 1 and 2 of the analysis. Subroutine COEFF calculates
the stiffness coefficients of the girders, columns and bracing members
which are independent of the loads on the frame (step 3). Steps 4, 5
and 6 are performed by subroutine LOAD, and step 7 by subroutine STAB.
Subroutine EE1 formulates the moment, vertical force and horizontal
shear equilibrium equations for the frame. Subroutine SOLVE solves
the equilibrium equations for the unknown displacement vector, and
calculates the value of the determinant of the coefficient matrix.
Subroutine SUB! converts the unknown displacement vector to the joint
rotations and displacements. Step 9 of the analysis is also performed
in SUB1. The girder and column moments are calculated in subroutine
CHECK1, and the members checked for additional plastic hinging. In
subroutine CHECK2 the inelastic hinge rotations are determined. The
axial forces in the bracing members are determined in subroutine
CHECK3, and the yield condition checked. In addition the horizontal
shear check is performed. Subroutine HREV performs step 14 in the

analysis.
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CHAPTER V

COMPARATIVE ANALYSES

5.1 Introduction

The procedure developed in Chapters III and IV is intended
for the analysis of large multi-story structures subjected to vertical
loads, alone, or in combination with horizontal loads. The program
developed for the analysis is able to perform a second order, elastic-
plastic analysis of an individual planar frame, or a sekies of linked
planar frames, all of which undergo the same sway displacements at
each floor level. A bent may include bracing members or shear wall
elements. The changes in column stiffness and plastic moment capacity
produced by changes in axial load are considered, as are the effects
of the finite width of the shear walls and the axial shortening of
the columns. The effect of hinge reversals at the ends of the girders
on the force distribution throughout the frame is also included.

The methods of analysis available to date cannot be used to
check the present method in its most general form. Therefore, it is
necessary to specialize the analysis and compare the influence of

each aspect separately.

5.2 Frames Subjected to Combined Vertical and Lateral Loads

The first order, elastic response predicted for a number of

small frames was compared with the results obtained from a STRUDL
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analysis, (25). The structures analyzed included unbraced rigid
frames, frames with diagonal bracing, frames with a K-bracing system,
and frames with shear walls of various widths. The results agreed in
all cases.

The second order elastic-plastic response of a large
unbraced frame was next compared with the results predicted by Parikh's
program, (8). The twenty-four story, three bay frame, shown schemat-
ically in the inset of FIGURE 5.1, was analyzed under the action of
proportionally increasing vertical and lateral loads. The frame
member sizes and the design level lateral and vertical loads are
tabled in Reference 15. The influence of axial force on the column
Stiffnesses and plastic moment capacities is accounted for in both
procedufes. The finite widths of the columns are neglected and the
Tive Toad reduction factors are not considered. The results of the
analyses are shown in FIGURE 5.1, where the load factor, A, is plotted
as a function of the top story sway displacement, A. The solid curves
represent the results of Parikh, which terminate at the ultimate load;
the dash curves represent the results obtained from the present
analysis. Results were obtained both considering and neglecting
axial shortening of the column members. The present method accurately
reproduces the results reported by Parikh in both cases.

The twenty-four story frame - shear wall model used in a
behavioral study by Guha Majumdar et al, (26), was analyzed to investi-
gate the ability of the present analysis to assess the behavior of a
structure containing a shear wall element. The frame is shown in the

inset of FIGURE 5.2. Wynhoven's results, (12), are used for the
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comparison since these included the unloading branch of the load-
deflection curve. The member properties and vertical loads for the
structure are reported in Reference 12. The flexural stiffness of

the shear wall is approximately fifty times that of the column at all
levels in the structure. The shear wall width is eight feet, compared
with girder spans of twenty-eight and eight feet, (the Tatter
representing an average girder span of sixteen feet in the actual
structure). To simulate the roller at the end of the frame girder,
(remote from the wall), in the model, the present analysis introduces
a ficticious column at the end of the frame girder, having a moment

of inertia and plastic moment capacity equal to zero. The effects

of axial shortening and the width of the columns were ignored. The
stability functions, C and S, were assumed to be equal to four and
two, respectively. Constant vertical loads were applied to the frame
and the lateral loads were incremented proportionately. The resulting
load-deflection curves are shown in FIGURE 5.2, where the concentrated
lateral load at each floor level, H, is plotted as a function of the
top story sway deflection, A. The results obtained from the present
analysis and those reported by Wynhoven coincide throughout the
complete range of loading.

In order to verify the behavior predicted for a frame con-
taining diagonal bracing, the results of the present analysis were
compared with those obtained by Galambos and Lay from a second order,
elastic-plastic analysis, (18). The single story, three bay frame
shown in the inset of FIGURE 5.3 was analyzed for the comparison. The

member properties are given in Reference 18. The column bases are



95

pinned and concentrated axial loads, equal to 0.3 Ey, are applied to
each column top. The vertical loads are held constant while the hori-
zontal load, H, is increased. The diagonal braces are assumed to
transmit only axial tension. The results of first and second order
analyses of the frame without bracing members, and a second order
analysis of the frame with bracing members, are plotted in FIGURE 5.3.
The applied horizontal force, H, non-dimensionalized by Py, the yield
load of the column, is plotted against the horizontal displacement 4,
divided by the story height, L. The solid curves represent the
results of Galambos and Lay; the dashed curves were obtained by the
present analysis. The agreement in all three cases is excellent.

The results of an analysis of a series of linked single story
frames by Springfield and Adams, (28), were compared with those
obtained by the present analysis. The three frames, shown in FIGURE
5.4, represent a one story slice from the lower stories of a tall
office building, (28). Frame A is the main stiffening frame of the
structure. Frame B is composed of frame A and an additional single
bay rigid frame. Frame C represents the complete arrangement of
vertical members in the story and consists of the main stiffening
frame, the auxiliary rigid frame, and the remaining simply connected
columns in the structure. The member properties and frame loads are
given in TABLE 5.1. The total lateral load resisted by the frames,

H, is plotted against the ratio of story sway to column height, aA/h,
in FIGURE 5.5. The results reported by Springfield and Adams,
(represented by the solid curves), were obtained using the subassem-

blage program described in Reference 27. The results obtained from



96

the present method are shown as the dashed curves. In the subassem-
blage program the girder hinges are assumed to occur at the column
faces, but the girder stiffnesses are based on the centre-to-centre
column distances (27). The column width was included in the present
analysis and the girder stiffnesses reduced to duplicate the assump-
tion of the subassemblage program. The trends shown by both analyses
agree throughout the loading range. The present analysis, however,
predicts slightly lower values of the ultimate lateral load, because
of the influence of the column width on the bending moment distribu-
tion in the girders. The present analysis based on the clear girder
spans, predicts greater values of negative moment at the face of the
right hand columns than does the subassemblage program, which is based
on the centre-to-centre column distances. Thus the right hand girder
hinges in the present analysis develop prior to those in Springfield

and Adam's analysis, and the predicted ultimate load is reduced.

5.3 Frames Subjected to Vertical Loads Only

Although considerable data is available on the behavior of
multi-story frames subjected to combined lateral and gravity loads,
published data on frames subjected to gravity loads only is extremely
limited. Therefore it is impossible to completely verify each aspect
of the present analysis as applied to structures subjected to vertical
loads only.

The elastic frame buckling loads predicted for a number of
symmetrical one and two story, single bay frames were compared with
the results reported by Galambos (29). The agreement was excellent

in all cases. The inelastic frame buckling loads predicted for a
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series of one story, one bay frames were compared with the results
reported by Lu (30). Lu's computations were based on the rounded
column moment-rotation relationships, which account for gradual
yielding of the cross-section, while the present analysis is based on
an elastic-plastic M-6 relationship. The agreement between the
results of the two analyses was excellent in the high and Tow ranges
of column slenderness, (where the frame buckling loads approach the

elastic buckling loads and the sway mechamism loads respectively),

* but was less accurate in the intermediate range, where partial yield-

ing of the column cross-section has a marked effect on the resistance
of the frame to the buckling motion. The maximum error in this region
was about 17%.

The only available data on the buckling capacity of frames,
having elastic-plastic member moment-rotation relationships, is
contained in the investigation by McNamee, (14). McNamee determined
the frame buckling Toad by analyzing the structure subjected to
vertical loads in combination with small lateral loads, as described
in SECTION 2.3. The lateral load applied at each floor level is a
fixed percentage, o, of the total gravity load applied at that level.
The ultimate strength of the frame is determined for different values
of o, and the frame buckling load extrapolated from the results. The
three story, single bay frame, shown in FIGURE 5.6, was analyzed
using the present method, neglecting the finite column widths and
axial shortening. The section properties are listed in TABLE 5.2a.
Uniformly distributed Toads were applied in the present analysis.
These loads produced fixed end girder moments equal to those pro-

duced by the concentrated load, P, used in McNamee's analysis.
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Vertical joint loads were also applied in the present analysis in
order to adjust the column axial loads to their original values. The
results of analyses with o = 1/2% and 1% are shown in FIGURE 5.7a.
One half of the vertical load applied at the first floor level, P, is
plotted as a function of A, the sway displacement at the first level.
McNamee's analytical results are shown as the solid curves; those
obtained by the present analysis as the dashed curves. The trends
shown by both analyses agree throughout the entire loading range.
However, the present analysis predicts lower ultimate loads than does
McNamee's, due to the differences in the bending moment diagrams
produced by the two different loading systems. The uniformly dis-
tributed loads in the present analysis produce a greater maximum
positive bending moment in the girders than do the concentrated

loads in McNamee's analysis. Thus the interior girder hinge, which
is last to form in both cases, develops at a lower load factor in the
present analysis, resulting in a lower predicted ultimate Toad.

The results obtained from a test on a similar frame, per-
formed at Lehigh University, are shown in FIGURE 5.7b. Curves
obtained from the present analysis are also shown, both neglecting
and considering the effect of the finite width of the columns. The
ultimate loads obtained from the different analyses are presented in
TABLE 5.2b. In FIGURE 5.7b, two unloading branches are plotted for
the curve with o = 1/4% neglecting the finite width of the columns,
one considering hinge reversal, and the other ignoring this effect.
The hinging configuration for the structure at ultimate load is shown

in the inset of the figure. As the sidesway motion increases (at the
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ultimate load) the hinge at the left end of the middle girder reverses,
and this region again behaves elastically. The result is an increase
in the unloading strength of the structure. The slope of the unloading
branch of the analysis considering hinge reversal agrees with that of

the test curve.
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MEMBER PROPERTIES

4 WF 13 6 B 16
d .4.145 6.232
ry 1.717 2.56
IX 11.316 31.10
%Zx ' 6.265 11.525
.3 34.
qy 50 4.7

TABLE 5.2a MEASURED MEMBER PROPERTIES -
THREE STORY, SINGLE BAY FRAME

FRAME BUCKLING RESULTS

o McNAMEE PRESENT
ANALYSIS
0 24.2 23.2
1/2% 22.7 21.7
1% 21.4 20.8
TEST VALUE 24.8

PRESENT ANALYSIS INCLUDING
COLUMN WIDTH EFFECT 24.6

TABLE 5.2b SUMMARY OF-FRAME BUCKLING ANALYSES -
THREE STORY, SINGLE BAY FRAME
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CHAPTER VI

BEHAVIORAL STUDIES

6.1 Introduction

The primary objectives of this portion of the investigation
are to compare the behavior of unbraced and braced frames, and to
examine the design of columns in both types of structures. The
twenty-four story, plastically designed frames described in Reference
15, and the corresponding subassemblage frames, form the basic struc-
tures studied in the investigation. The program of investigation is
divided into two sections, the first dealing with the behavior of
frames subjected to combined vertical and horizontal loads, and the
second dealing with frame action under vertical loads alone. In both
sections comparisons are made between the behavior of the unbraced
and braced frames designed under the same conditions. In addition,
results of first and second order analyses of the braced frames are
presented, and the additional bracing required to increase the ulti-
mate load capacities predicted by the second order analyses, to those
resulting from the corresponding first order analyses, are determined.

In addition to the basic studies described above, the
relationship between bracing strength and stiffness and frame
behavior is investigated, and a comparison made between the behavior
of diagonally braced frames and those containing a K-bracing system.

The effect of supporting a flexible frame by a stiffer braced or
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unbraced frame, is also investigated.

6.2 Basic Structures

6.2.1 Series A

The two twenty-four story, three bay structures described in
Reference 15, form the basis of the present investigation. The frame
configuration and design loads are shown in FIGURE 6.1. The structure
is a regular, rectangular frame with rigid connections and fixed column
bases. The bent spacing is assumed to be 24 feet. The design vertical
loads are based on a uniform 1ive load of 100 psf and a deal load of
120 psf, (30 psf and 95 psf respectively for the roof). The exterior
wall cladding is assumed to produce a dead load of 85 psf, and the
horizontal wind Toad is 20 psf. Live load reduction factors, as
specified in Reference 31, are applied to the girders and columns
separately. The resulting design girder loads are listed in TABLE 6.1,
and the design column axial loads, based on tributary floor areas,
are listed in TABLE 6.2.

The unbraced frame, A-1, and the braced frame, A-2, are shown
in FIGURES 6.2 and 6.3, respectively. Both frames were designed
plastically on the basis of ultimate strength. Two loading conditions
were considered: vertical loads alone, with a load factor of 1.70,
and combined vertical and horizontal loads, with a load factor of 1.30.
For the unbraced frame the P-a effect was accounted for using an esti-
mated deflection index of 0.02 at ultimate load. For the braced frame
the P-a effect was again included. For this case, the ultimate strength

of the frame is assumed to coincide with brace yielding, corresponding
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to a deflection index of 0.003. Although the secondary effects were
computed under different assumptions for the two frames, the result-

ing designs are consistent with current engineering practice.

6.2.2 Series B

The two subassemblage frames, frames B-1 and B-2, shown in
FIGURES 6.4 and 6.5, represent horizontal slices from frames A-1 and
A-2 respectively, at the sixth floor level. It is assumed that points
of inflection occur at midheight of each column of the original
frames. The behavior of the subassemblage frame is not necessarily
indicative of the behavior of the corresponding twenty-four story
frame, however, the results of the subassemblage studies will be com-
pared with those obtained from analyses of the complete frames.

The member properties for frame B-1, (the unbraced subassem-
blage frame), are identical to those of the fifth and sixth stories
of frame A-1. A fictitious girder, having a moment of inertia and
plastic moment capacity equal td zero is inserted across the tops
of the columns, so that the subassemblage can be analyzed using the
computer program described in Chapter IV. The design loads are shown
in FIGURE 6.4. The applied column axial loads are based on the area
tributary to each column, with the appropriate live load reduction
factor. The horizontal shear at the top of the subassemblage frame is
equal to the total horizontal shear at the sixth level of frame A-2.

The columns and girders of frame B-2, (the braced subassem-
blage frame), are identical to those of the fifth and sixth stories

of frame A-2. However, because of the artificial brace arrangement in
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frame B-2, the diagonal bracing members are re-proportioned to produce
the same stiffness (horizontal), critical axial load, and yield load
in tension, as the corresponding members of frame A-2. The properties
of the bracing members are given in FIGURE 6.5, along with the design
loads on the frame.

Frames B-3 and B-4, shown in FIGURE 6.6, are similar to frame
B-2, but have the diagonal braces replaced by a K-bracing system. The
bracing system of frame B-4 is inverted with respect to that of frame
B-3. The members of the K-bracing system are proportioned to provide
the same (horizontal) stiffness and capacities in compression and.
tension as the diagonal bracing system. A fictitious column having
values of stiffness, area and plastic moment capacity equal to zero,
is inserted at midspan of the braced bay so that the computer analysis
can be performed using the program described previously.

Four additional frames, each representing a different
- Structural framing system, are shown in FIGURES 6.7 and 6.8. Frame
B-5 consists of the unbraced frame, frame B-1, coupled with a rigid
frame designed to resist vertical loads only, (frame B-2 wjthout the
diagonal bracing members). Frame B-6 consists of the braced frame,
frame B-2, coupled with the above rigid frame. Frame B-7 represents
a framing system in which a select unbraced bent, frame B-1, is
coupled with a number of bents whose column-girder connections are
non-rigid. The supported frames are represented by a single column
with an axial load, P], equal to the total vertical load on the non-
rigid frames. Frame B-8 consists of the braced frame, frame B-2,

coupled with such a series of frames. In all of the above cases, the
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stiffer frame would be expected to resist most of the applied horizontal

loads and P-a shears for the entire structure.

6.3 Presentation of Results

6.3.1 Combined Vertical and Lateral Loads

6.3.1.1 Loading Procedure

The procedure for the combined load studies was first to
apply the factored vertical loads, (1.30 times the design values), and
then to increment the lateral loads to trace the response of the

structure. The lateral load increment was 2% of the design load level.

6.3.1.2 Twenty-Four Story Frames

The first phase of the study compared the behavior of the
unbraced, twenty-four story frame, frame A-1, and the corresponding
‘braced frame, frame A-2. The load-deflection relationships for the
two structures are shown in FIGURE 6.9, (solid curves), where the
lateral load factor, A, is plotted as a function of the top story
~ sway, A. Throughout most of the loading range the unbraced frame was
stiffer than the braced frame. The unbraced frame reached an ultimate
load factor of 1.90 at a sway of 30 inches; the braced frame reached a
load factor of 1.50 at a sway of 17 inches. The hinging conditions in
frames A-1 and A-2 at failure are shown in FIGURES 6.10 and 6.11
respectively. The solid circles represent plastic hinge Tocations at
failure; the open circles, locations where hinges originally formed
under vertical load, but reversed when lateral load was applied to
the structure. The numbers associated with the hinges indicate the

stage on the load-deflection relationship, (FIGURE 6.9), at which
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the hinges formed. A hinge designated "1" developed when the vertical
load was applied to the structure. A hinge designated "2" formed
between a load factor of zero and a load factor of 0.20, "3" between
0.20 and 0.40, "4" between 0.40 and 0.60, "5" between 0.60 and 0.80,
“6" between 0.80 and 1.00, "7" between 1.00 and 1.20, "8" between
1.20 and 1.40, "9" between 1.40 and 1.60, "16" between 1.60 and 1.80,
and "11" at a load factor greater than 1.80. Failure in the unbraced
frame was initiated by extensive column hinging in the top stories;
yielding of the tension braces in stories 7 to 13 inclusive initiated
failure in the braced frame. (A11 the compression braces in frame
A-2, except the one in the top story, had reached their critical axial
loads at failure). The bracing members which had yielded or buckled
at failure are indicated in FIGURE 6.11.

The load-deflection relationships for frame A-2 with 110,
120, 130, 140 and 150% bracing are also shown in FIGURE 6.9, (the
dashed curves). The design bracing members, as given in FIGURE 6.3,
represent 100% bracing. An increase in the amount of bracing indi-
cates that the bracing stiffness, compressive capacity and tensile
capacity have all been adjusted in the same ratio. The stiffness of
the structure varied directly with the amount of bracing. However,
the ultimate capacity of the frame increased only for percentages
of bracing less than 140. Beyond 140%, the ultimate load capacity
decreased with increased bracing capacity. The maximum lateral load
factor obtained was 1.84. Failure of the frames with increased
bracing occurred when the Tower member in the leeward column stack

reached its yield axial load. It was not possible to unload the
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structure under this condition.

6.3.1.3 Twenty-Four Story Frame - P-A Effect

The second phase of the study compared first and second
order analyses of the braced, twenty-four story frame, frame A-2.
The results of the analyses are shown in FIGURE 6.12, where the lateral
Toad factor, A, is plotted as a function of the top story sway, A.
The ultimate load factor for the frame, predicted by the first order
analysis, was 2.36, as compared with 1.50 predicted by the second
order analysis. Since the maximum load factor that could be achieved
with additional bracing was 1.84, it was not possible to raise the
capacity predicted by the second order analysis to that predicted by

the first order analysis by simply adding bracing to the frame.

6.3.1.4 Subassemblage Frames ;

The third phase of the study compared the behavior of the
unbraced and braced subassemblage frames, frames B-1 and B-2. Results
of the analyses are shown in FIGURE 6.13, where the lateral load
factor, A, is plotted as a function of the story sway rotation, p,
(defined as the story sway deflection divided by the story height).
The sequences of plastic hinge formation in the two frames are shown
in FIGURES 6.74 and 6.15. The solid circles represent the hinge
locations; the numbers correspond to the stages on the load-deflection
curves, (FIGURE 6.13), at which the hinges formed. Plastic hinges
did not develop under gravity loads alone in either structure, and,
therefore, no hinge reversal was observed.

The unbraced frame, frame B-1, exhibited increased sway
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deflections after the formation of plastic hinges in the leeward ends
of all three girders. The ultimate load factor of 2.02 was achieved
at a rotation of 0.0085 radians, after two additional girder hinges
had developed. The final girder hinge formed on the descending
portion of the load-deflection curve.

The braced frame, frame B-2, was slightly stiffer than the
unbraced frame in the initial stages of loading. Plastic hinges
developed first at the leeward ends of the centre and left girders.
However, the stiffness of the frame was not reduced significantly
until the two compression braces buckled, at a load factor of 0.48.
Beyond this point the Toad carrying capacity of the braced frame was
less than that of the unbraced frame at a given sway rotation. The
ultimate lateral load factor for the braced frame, 1.92, which was
achieved at a rotation of 0.0067 radians, corresponded to yielding
of the tension braces.

Also shown in FIGURE 6.13 are the load-deflection relation-
ships for frame B-2 with various percentages of bracing, (dashed
curves). The stiffness and load carrying capacity varied directly
with the amount of bracing over the range investigated, 90, 105, 110
and 120% bracing. The braced frame with 105% bracing reached an

ultimate load factor of 2.02, the same as that of the unbraced frame.

6.3.1.5 Subassemblage Frame - P-aA Effect

The fourth phase of the study compared the results of the
first and second order analyses of the braced subassemblage frame,
frame B-2. The results of the analyses are shown in FIGURE 6.16, where

the lateral load factor, A, is plotted as a function of the story sway
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rotation, p. In the first order analysis the tension braces yielded
at a load factor of 2.40; the ultimate load factor for the frame was
2.66. The ultimate load factor as predicted by the second order
analysis was 1.92. Two dashed curves, representing second order
analyses of the frame with 123% and 136% bracing, are also shown.

The structure with 123% bracing reached a maximum load factor of 2.40,
the same as that predicted by the first order analysis for yielding
of the tension braces; the structure with 136% bracing reached a
maximum load factor of 2.66, the same as that predicted by the first

order analysis.

6.3.1.6 Subassemblage Frame - Bracing Strength and Stiffness

The fifth phase of the study was concerned with the relative
effect of varying the bracing strength and stiffness independently.
Frame B-2 was analyzed with the bracing stiffness increased 36%; with
the bracing strength increased 36%; and with both stiffness and
strength increased by 36%. The load-deflection curves are shown in
FIGURE 6.17. The response of the original braced frame is shown for
comparison.

Increasing the bracing stiffness without increasing its
strength had Tittle effect on the ultimate strength of the frame.
Conversely, increasing the bracing strength W1thout increasing its
extensional stiffness, although increasing t%e ultimate load factor,
had little effect on the stiffness of the fr%me. It was necessary
to increase both stiffness and strength to a;hieve a significant
increase in the ultimate load capacity of the frame, at the sway

rotation corresponding to the ultimate strength of the original frame.

[ER—
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6.3.1.7 Subassemblage Frame - Bracing Systems

The sixth phase of the study compared the behavior of the
frame containing a diagonal bracing system, with those containing
equivalent K-bracing, designed as outlined in SECTION 6.2.2. The
results of the analyses are shown in FIGURE 6.18. The behavior of
frame B-2 is represented by the solid curve, the relationships for
frames B-3 and B-4 by the dashed curves. The frames are shown
schematically in the insets to the figure.

The compression braces in the K-bracing system of frame B-3
buckled at a load factor of 1.04, and the tension braces yielded at
a load factor of 2.18, corresponding to the attainment of the ulti-
mate load. Thus frame B-3 was able to achieve a slightly higher
ultimate load than frame B-2.

However, the K-bracing arrangement used for frame B-4 was
vastly inferior to both that used for frame B-3 and the diagonal system
of frame B-2. In frame B-4 the bracing members buckled in compression
on the application of the vertical loads to the frame. A sway rota-
tion of 0.0011 radians was necessary before the eventual tension
braces recovered the deformations associated with the buckling motion.
Extensive girder hinging developed at low loads due to the large sway
rotations. The ultimate load factor for the frame, 0.78, was achieved
without yielding the tension braces.

An additional analysis was performed on frame B-4 after
adjusting the critical axial Toads of the bracing members so that

buckling did not occur on the application of the initial vertical loads.
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The results of the analysis are shown in FIGURE 6.18. The improvement '

in the Toad capacity of the frame was not substantial.

6.3.1.8 Coupled Subassemblage Frames

In the seventh phase of the study, the behavior of a number
of coupled frame arrangements was investigated. In the first series,
the unbraced subassemblage frame was used as the principal stiffening
element. The results of the analyses are shown in FIGURE 6.19. The
solid curves represent the behavior of the unbraced frame, (frame B-1),
the unbraced frame coupled with a frame designed to resist vertical
Toads only, (frame B-5), and the unbraced frame coupled with a single
pinned column, (frame B-7). The pinned column is used, in turn, to
represent a single non-rigid frame with vertical loads equal to those
of the unbraced frame, (P1 = 6030 kips), two such non-rigid frames, ﬁ
(P] = 12060 kips), and three such non-rigid frames, (P] = 18090 kips).

The ultimate load factor for frame B-1 was 2.02. Frame B-5 reached an
ultimate load factor of 1.84, representing a 9% reduction in the load
carrying capacity. Frame B-7, with P] equal to 6030 kips, reached a
load factor of 1.62, (a 20% reduction); with P, equal to 12060 kips,
1.30, (a 36% reduction); and with P] equal to 18090 kips, 1.00, (a
50 reduction).

The P/Py ratios of the columns, under a vertical load factor
of 1.30, were approximately 0.56 in the unbraced frame and 0.62 in the
frame designed for vertical loads only. These values correspond to g
axial Toad ratios of 0.74 and 0.81 under a vertical load factor of
1.70, and, thus, might be typical of the lower stories of multi-story

frames. The dashed curves shown in FIGURE 6.19 represent analyses of
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frames B-1 and B-5 with the applied column axial loads reduced to one-
half of their original values (P/Py ratios equal to 0.28 and 0.31,
respectively). Such axial loads might be typical of columns near the
top of multi-story frames. Frame B-1 with half the applied column
axial loads, reached an ultimate load factor of 2.32, an increase of
15% above the load factor of the original frame. Frame B-5, with half
the applied column axial loads, reached a Toad factor of 2.36, an
increase of 28% above that of the original unbraced-supported frame.
The ultimate load factor for frame B-5, (with P/Py = 0.28), was greater
than that of frame B-1, indicating that under these conditions the
supported portion of frame B-5 was, indeed, capable of resisting
applied lateral loads in addition to its own P-aA shears.

In the second series, the braced subassemblage frame was used
as the principal stiffening element. Results of the analyses are
shown in FIGURE 6.20. The behavior of frames B-2, (the braced frame),
B-6, (the braced-supported frame), and B-8 (the braced-pinned column
frame), are represented by the solid curves. The ultimate load factor
for the braced frame was 1.92. Frame B-6 reached an ultimate load
factor of 1.72, representing a reduction from the load carrying
capacity of frame B-2, of 10%. Frame B-8, with P] equal to 6030 kips,
12060 kips and 18090 kips, reached load factors of 1.46, 0.98 and 0.52,
respectively, (corresponding to reductions of 24, 49 and 73%). The
dashed curves in FIGURE 6.20 represent the responses of frames B-2
and B-6 with the P/P‘y ratios of the columns approximately equal to 0.31.
Frame B-2, under one-half of the original applied column axial loads,

reached an ultimate load factor of 2.16, an increase of 12% above the
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load factor of the original frame. Frame B-6, with half the applied
column axial loads, reached a load factor of 2.20, an increase of 28%
above that of the original braced-supported frame. The load factor
reached by frame B-6 in this situation was greater than that of the

braced frame along.

6.3.2 Vertical Loads Only

6.3.2.1 Loading Procedure

In the case of a frame subjected to vertical loads only, the
vertical loads were incremented proportionately from zero to failure.

Each load increment was 2% of the corresponding design value.

6.3.2.2 Twenty-Four Story Frames

The eight phase of the study was concerned with the response
of frames A-1 and A-2 to increasing vertical loads, and in particular,
with the amount of bracing required to prevent frame buckling of frame
A-2 until the beam-mechanism load was reached. However, in frame A-2
many of the bracing members in the middle stories buckled in compres-
sion between load factors of 0.92 and 1.40, due to axial shortening of
the columns. When the braces in a particular story were both in a
buckled condition, they were unable to provide any net component of
horizontal force to resist the P-A shears in the structure. Thus at a
load factor of 1.42, the lateral stiffness of the structure, in the
absence of any contribution from the buckled compression braces, was
reduced so that the determinant of the coefficient matrix became
negative, and the structure was unloaded. In actual fact, the frame
was capable of resisting additional vertical load, because, as the

sidesway motion increased, one of each pair of buckled compression
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braces would return to the elastic range, and provide additional
lateral stiffness to the structure. To eliminate this complexity,
the bracing members were prevented from initial buckling, by neglect-
ing axial shortening of the columns in the analysis.

The unbraced frame, frame A-1, reached a load factor of 1.66
before the frame became unstable. The hinging pattern in the frame at
this stage is shown in FIGURE 6.21. Hinging is concentrated in the
top six stories. The girders did not reach the mechanism condition,
although the load factor attained, 1.66, was close to that used in
design, 1.70. When axial shortening was considered, the unbraced
frame reached a load factor of 1.70 before the frame became unstable.

‘ The braced frame, frame A-2, reached its beam mechanism load
without any indication of overall frame instability. The beam
mechanism load factor was 1.68. The hinging pattern in the structure

at this stage is shown in FIGURE 6.22. Hinging was extensive through-
out the structure, but the bracing members remained elastic. To check
the effect of column axial shortening on the frame instability load,
the braced frame was analyzed with 0.1% of the girder loads applied in
the horizontal direction at each floor level. The results agreed with'
the case where axial shortening was not considered.

In order to determine the amount of bracing necessary to
prevent overall frame instability, the braced frame was re-analyzed
without bracing members. Frame instability occurred at a load factor
of 1.40, however 1% bracing was sufficient to enable the frame to reach
its beam mechanism load. These results were obtained for the case

where column axial shortening was not considered, and therefore sways
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under vertical loads were small.

6.3.2.3 Subassemblage Frames

The ninth phase of the study was concerned with the behavior
of the subassemblage frames under vertical loads only. The results
of the investigation are shown in FIGURE 6.23, where the vertical load
factor, A, is plotted versus the story sway, A. The sequences of
plastic hinge formation in frames B-1 and B-2 are shown in FIGURES 6.24
‘and 6.25, respectively. The numbers associated with the hinges indi-
cate the stages on the load deflection diagrams where the hinges
developed. The first hinge to form in the unbraced frame developed
at a Toad factor of 1.84. Subsequently, the sway deformations increased
under increasing vertical load, as did the number of hinges. The
ultimate load factor for the frame was 2.06, at a sway deflection of
0.35 inches. The hinge which formed at stage 3, at the left end of
“the right hand girder, began to close at stage 6 as the frame buckled
sideways. The first hinge to form in the braced frame developed at
a load factor of 1.32. The ultimate load factor for the frame was 1.74,
corresponding to the formation of a beam mechanism in the left hand
girder. The diagonal bracing members in the subassemblage frame
remained elastic, as the sixth level was below the portion of the
structure where the braces buckled due to axial shortening of the
columns. Frame B-2 exhibited only small sways under the vertical loads.

As in the prior phase of the study, the behavior of the
braced frame without bracing members was also investigated. The load-
deflection curve for the frame is shown in FIGURE 6.26. The load

factor corresponding to frame instability was 1.36. The minimum

—_—
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bracing, which would prevent frame instability until after the beam-
mechanism load had been attained, was 18% of the original design
bracing.

The results of the present analysis, which applied only
vertical Toads to the frame, were compared with those obtained using
the small-lateral-load approach (14). Dashed curves, representing the
responses of the braced frame, without bracing members and with 18%
bracing, are shown for o equal to 1/2 and 1%, (where o is the fraction
of the total vertical load on the frame, applied in the horizontal
direction). The results éf the small-Tateral-load analysis approached
those of the present analysis as o approached zero.

In order to investigate the consequences of the buckling of
the bracing members due to axial shortening, the subassemblage frame
was re-analyzed with the compressive capacity of the braces reduced.
fhe results of the analysis are shown in FIGURE 6.27, where the
vertical load factor is plotted versus an expanded sway deflection
scale. The relationship for the braced frame without bracing is shown
for comparison. The sequence of formation of plastic hinges in the
braced frame is shown in FIGURE 6.28. The numbers associated with
the hinges correspond to the stages on the load-deflection diagram
where the hinges developed. At stages 1, 2, 3 and 4 respectively, the
diagonal bracing members reached their critical axial loads in com-
pression. Between stages 4 and 5, the response of the braced frame
corresponded to that of the braced frame without bracing, since the
bracing in the buckled state was unable to provide any lateral stiff-

ness to the structure. At stage 5, one of the braces in each story
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returned to the elastic range, and the frame was able to resist addi-
tional load. The ultimate load corresponded to the beam-mechanism
load for the structure.

Thus in the case where the bracing members buckle due to
axial shortening of the columns, the frame instability load is not
necessarily impaired. In the twenty-four story frame the small lateral
load approach verified that the beam mechanism load could still be
reached. The lateral loads can be thought of as the equivalent story
P-A shears that result from alignment imperfections. A value of .00]
times the total applied vertical load in a given story corresponds to
an erection tolerance of .001 in the columns. . In the subassemblage
frame it was found that the sway motion increased rapidly enough to
return the braces to the elastic range before the frame instability
load was reached. Under additional vertical load the frame remained

stable, and the beam mechanism load was achieved.

6.4 Summary
In this chapter the general outline of the behavioral studies

has been presented. The basic structures to be investigated were
described in detail, and the results of each phase of the study were
presented. The behavioral studies are discussed in the next chapter,

as are the resulting design implications.
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[E——

[RSS——1

Story Column A Column B Column C Column D
24 45.7 55.5 67.5 57.7
23 125.9 135.7 162.2 154.5
22 196.9 200.4 244.8 235.3
21 263.4 272.7 333.5 324.1
20 336.0 345.1 422.2 412.9
19 408.6 417.1 510.2 501.7
18 481.2 489.9 559.6 590.5
17 553.8 562.3 688.3 679.3
16 626.4 634.7 777.0 768.1
15 699.0 707.1 865.7 856.9
14 771.6 779.5 954.4 945.7
13 844.2 851.9 1043.1 1034.5
12 916.8 924.3 1131.8 1123.3
11 989.4 996.7 1220.5 1212.1
10 1062.0 1069.1 1309.2 1300.9

9 1134.6 1141.5 1397.9 1389.7
8 1207.2 1213.9 1986.6 1478.5
7 1279.8 1286.3 1575.3 1567.3
6 1352.4 1358.7 1664.0 1656.1
5 1425.0 1431.1 1752.7 1744.9
4 1497.6 1503.5 1841.4 1833.7
3 1570.2 1575.9 1930.1 1922.5
2 1642.8 1648.3 2018.8 2011.3
1 1715.4 1720.2 2107.5 2100.1
TABLE 6.2

SERIES A FRAMES - DESIGN COLUMN AXIAL LOADS
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CHAPTER VII

DISCUSSION OF RESULTS AND DESIGN RECOMMENDATIONS

7.1 Introduction

The behavioral studies described in the previous chapter were
performed to study the response of a number of frames to applied Toads,
and to develop rational design procedures for the girders, columns and
bracing systems. In the following section the results of these studies
are discussed, and the behavior of each subassemblage frame is compared
with that of the corresponding twenty-four story frame. In the final
section of the chapter, the implications of the results on current

design practices are discussed, and recommendations are made for design.

7.2 Discussion of the Results of the Behavioral Studies

7.2.1 Combined Vertical and Lateral Loads

A comparison of the behavior of the unbraced twenty-four
story frame and the corresponding braced frame, subjected to combined
vertical and lateral loads, indicates that the unbraced frame reached
a higher ultimate load factor than the braced frame, and that the
deformation at ultimate load was greater. The ultimate load factor
for both frames exceeded the design value of 1.30 by a considerable
margin. Of greater significance, however, is the fact that the braced
frame deflected more than the unbraced frame at all Toads up to the
factored design load. Thus the P-A effects were more significant for
the braced frame than for the unbraced frame.

The unbraced and braced subassemblage frames exhibited the

same characteristics as the twenty-four story frames. Both subassemblage
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frames reached a higher ultimate load factor than the corresponding
twenty-four story frames, due to the fact that the sixth level did
not participate in the failure mechanism in either of the twenty-four
story structures. The difference in stiffness between the braced and
unbraced frames (the unbraced frame was stiffer) was more pronounced
for the subassemblage frames.

The comparison between the first and second order analyses
of the braced twenty-four story frame, showed that the ultimate load
factor was reduced 36% by the P-a effects; the corresponding reduc-
tion for the braced subassemblage frame was 28%. In the latter frame
an additional 23% bracing was required to achieve the first order load
factor at the yield of the tension braces, and an additional 36% to
achieve the first order load factor at ultimate load.

A study of the relative magnitudes of the P-a effects in a
series of linked frames was performed using the unbraced and braced
subassemblage frames alternately as the principal lateral stiffening
element. Where the unbraced bent was coupled with the supported bent,
the ultimate load factor for the frame was reduced 9% below that of
the unbraced bent alone. The corresponding reduction for the braced
bent coupled with the supported bent, was 10%. Where the unbraced
and braced bents were coupled with a single column, used to represent
a given number of non-rigid bents, the reductions in the ultimate load
factors were more severe. When the column carried an axial load equal
to that of the unbraced or braced bent, the reductions were 20% for
the unbraced bent and 24% for the braced be‘t. With twice the axial

load applied to the column, the reductions were 36% and 49%; and with
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three times the axial load, 50% and 73%. Thus in all cases the P-a
effects for the coupled braced frames were greater than those for

the corresponding unbraced frames.

7.2.2 \Vertical Loads Only

In the study of the behavior of the braced twenty-four story
frame subjected to vertical loads only, it was found that a minimal
amount of bracing was necessary to prevent frame instability before
the beam mechanism load for the structure was attained. The results
were substantiated by the study of the braced subassemblage frame.

In the twenty-four story frame many of the bracing members buckled
prior to the attainment of the factored design vertical load. However,
the small-lateral-load approach confirmed that the bracing members were
capable of returning to the elastic range on the buckling motion, with-
out adversely affecting the frame instability load. In the study of
the braced subassemblage frame, the small-lateral-load approach was

shown to give a Tower bound solution to the frame instability load.

7.3 Design Recommendations

7.3.1 Interaction Equations

As discussed in CHAPTER I, the columns in a multi-story frame
are commonly designed on the basis of interaction equations, based on
the ultimate strength of the member. Each column must be checked
against local overstressing, (EQUATION 7.1), and overall instability,
(EQUATION 7.2). The form of Equations 7.1 and 7.2 is that used in

allowable stress design:
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f f
—2 s D<qp (7.1)
0.60 Fy Fb
f C fLa
2+-bo<q (7.2)
a b
where fa = axial stress,
fb = bending stress,
Fa = allowable axial stress in the absence of bending,
Fb = allowable bending stress,

-
il

yield stress of the steel,

y
Cm = coefficient used to determine the equivalent uniform
bending moment,
a = fa » Wwhere Fe = (KL 5 s and
1-T:-'r r
e
éL = effective slenderness ratio in the plane of bending

The amplification factor, o, modifies the bending stress to account for
the secondary (Ps) moments caused by the deflection of the column from
its chord, as shown in FIGURE 1.2. The effective length factor, K,

and the equivalent moment factor, Cm’ are used to modify both the

axial and bending stresses, to account for the P-a moments produced by
the sway deflection of the column. The P-A moments are assumed to be

accounted for by using the effective length factor for a column
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permitted to sway, (K > 1), and are neglected when the effective length
factor for a column prevented from sway is used, (K < 1).

Common design practice is to consider the columns in unbraced
bents as permitted to sway, and those in braced or supported bents as
prevented from sway. However, the results of the behavioral studies in
the last chapter indicated that the braced frames swayed more than the
corresponding unbraced frames at the same load level. In addition,
the comparisons of the first and second order analyses of the braced
frames showed that the ultimate load capacities were appreciably
reduced by the P-o effects. The study of the coupled frames, indeed,
showed that the braced bent was more susceptible to a reduction in its
load carrying capacity due to P-A effects, than was the unbraced bent.
Thus a braced or supported bent cannot be considered "prevented from
sway". |

The important concept is not whether one considers a frame
as "prevented from sway" or "permitted to sway", but, rather, the way
in which the designer accounts for the P-a effects. It follows that
if a structure is to be designed using moments and forces from a first
order analysis, in combination with the interaction equations, then the
effective length must be computed by assuming the frame free to trans-
late, since the sway forces have not been accounted for. On the other
hand, if the structure is analyzed under the action of the applied
loads and the sway forces, the sway forces have been included in the
basic analysis, and need not be considered a second time. Under these
conditions, the interaction equations are used to compensate for the

neglect of the secondary moments in the columns, (Ps), and the
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effective lengths are computed assuming that translation is prevented.
Thus the choice of the nomograph to use in computing the effective
length factor does not depend on whether the structure does or does
not contain a bracing system or shear wall, but rather whether the
sway forces are to be accounted for in the basic analysis procedure
or within the interaction equations.

If it is desired to resist all the lateral forces in a
particular portion of the structure, such as shear wall or vertical
truss, this portion must be designed for the sway forces as well as
the applied lateral Toads. The effective length factors for the
columns may then be computed assuming translation is prevented.

If the bracing is designed to resist lateral Tloads only,
without consideration of the sway forces, no guarantee exists that
the system is capable of resisting the sway forces, and therefore, in
computing the effective length factors for the columns in the struc-
ture, the conservative assumption would be that the columns were per-
mitted to sway.

The moments and forces from a first order analysis are also
used in the strength interaction equation for combined axial load and
bending, EQUATION 7.1. No provision is made for the P-A effects.
Thus the actual factor of safety against local overstressing obtained
using EQUATION 7.1 is dependent on the relative magnitude of the P-aA
moments and forces. To produce a uniform factor of safety against
Tocal overstressing, the axial and bending stresses must be based on

a second order analysis.
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When the moments and forces from a first order analysis are
used in conjunction with the interaction equations, only the columns
are designed for the P-A effects. In most practical cases the strength
of the girders controls the strength of the frame. Thus the use of
the interaction equations does not generally account for the influence
of the P-A effects on the ultimate strength of the frame. For the
unbraced subassemblage frame, based on the moment capacity of the
columns, the interaction equations predict a story shear capacity of
439 kips including the P-a effects, and a capacity of 667 kips neglect-
ihg the P-a effects, (lateral load factors of 4.05 and 6.15 respect-
ively). The actual second order load factor was 2.02. Girder hinging
contfo]]ed the strength of the frame. The columns were stressed to

only half their design capacity at failure.

7.3.2 Computation of Sway Forces

The computation of sway forces is relatively simple. In the
combined load case the lateral and vertical loads are applied to the
structure and the lateral displacement at each floor level is com-
puted using a first order analysis. These displacements are denoted
as A, in Figure 7.1, where i refers to the floor level. The additional

story shears due to vertical loads are computed:

ZP.

- 1 _
where Avi = additional shear in story i due to the sway forces,
zPi = sum of the column axial loads in story i,

h. = height of story 1, and
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Aiproby = displacements of levels i+1 and i, respectively.
The sway forces due to the vertical loads, AFi, are then computed as

the difference between the additional story shears at each level:

The sway forces, AFi are added to the applied lateral loads, and the
.structure re-analyzed. When the Aj values at the end of a cycle are
nearly equal to those of the previous cycle, the method has converged,
and the resulting moments and forces are, in fact, second order.

The method described above is equally applicable to the
vertical load only case. The deflected shape under the applied
vertical loads is determined and the sway forces calculated using
EQUATIONS 7.3 and 7.4. The sway forces are then applied to the
structure and the deflected shape again determined. After only a few
cycles it should be evident whether or not the method is converging.

If the story def]eétions do not converge the frame is unstable.

The above method of computing sway forces is illustrated
for the braced subassemblage frame in FIGURE 7.2. The first and second
order load deflection curves for the frame subjected to 1.30 times the
design vertical loads are shown although normally the frame would be
analyzed at » = 1.00. The first line in the table under the figure
indicates the first order deflection for the frame. The sway forces
are computed and added to the lateral loads to begin the second cycle.
The method converges to the second order deflection in three cycles.
Comparison with the second order load-deflection curve for the structure

shows this sway to be correct.
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The sway due to the P-A shears was 34% of the sway due to
the applied loads alone. At the end of the first cycle in the iterative
process 78% of the P-A sway had been accounted for.

An interesting feature of the method is that the relative
magnitudes of the applied lateral loads and sway forces are known.
Thus, if bracing strength controlled the original first order design,
the increase in the amount of bracing to provide the same factor of
safety against yielding of the bracing including the P-A effects
should be equal to the ratio of the sway forces to the applied lateral
loads. This was ihdeed the case for the subassemblage frame, as, in
the behavioral studies, 23% additional bracing was found necessary to
raise the second order load factor at the yield of the bracing members

to the first order level.

7.3.3 Proposed Design Method

The following procedure is recommended for the design of
multi-story steel frames, regardiess of whether or not the frame con-
tains a vertical truss or shear wall:

1. Proportion the columns, girder and bracing members, if any,
on the basis of a first order analysis for vertical loads
only, at a load factor of 1.70; and for combined vertical
and lateral loads, at a load factor of 1.30. Use effective
length factors for the columns assuming translation is
prevented, (K < 1).

2. Perform a second order analysis under vertical loads only,

and modify the frame members if necessary.
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3. Perform a second order analysis under combined vertical

and horizontal loads, and modify the frame members if

necessary.
If the bent in question is required to support a number of additional
bents, it must be designed for the total P-a effects from the coupled
frames in steps 2 and 3.

The principal advantage of such a design procedure is that
it requires a rational assessment of the P-A effects in a given
structure. Design economies may result in frames where the P-a effects
are negligible, but, more important, unsafe designs due to neglect of

the P-A effects, (especially from supported bents), will be avoided.
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CHAPTER VIII

SUMMARY AND CONCLUSIONS

8.1 Summary

The first four chapters of the dissertation describe the
formulation of a computer program to analyze multi-story steel frames
with provision for diagonal bracing members and shear wall elements.
The member response is assumed to be elastic-perfectly plastic. The
influence of axial load on the stiffness and carry-over factors is
considered for the columns, but neglected for the girders. The
effects of finite column width and hinge reversal on the behavior of
the girders are also considered. Diagonal bracing members are assumed
to be subjected to axial loads only. The frame analysis is second
order, that is to say, the story shear equilibrium is formulated on
the deformed structure. Axial shortening of the columns is considered.
The equilibrium equations are solved by a modified Gauss elimination
procedure.

In the fifth chapter, a number of comparative studies are
described, which are used to verify the present method of analysis.

The sixth and seventh chapters are concerned with the
behavior of a number of frames subjected to vertical loads alone,
and to combined vertical and lateral loads. Comparisons are made
between the behavior of unbraced and braced frames, with particular
emphasis on the P-A effects. Coupled unbraced-supported and braced-
supported frames are also considered. A design procedure, based on

the behavioral studies is recommended for multi-story frames. The
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method results in a more uniform factor of safety than does present

design practice.

8.2 Conclusions

The behavioral studies of the plastically designed Lehigh
frames, (15), resulted in two major conclusions, which led to the
proposed design procedure. The first was that the braced frames
swayed more than the corresponding unbraced frames at a given load
factor. Thus the amount of relative story deflection necessary to
develop the resisting forces in the bracing members was greater than
that for the unbraced columns and girders. The extensional stiff-
ness of the bracing members is therefore an important design
consideration.

The second conclusion was that the P-A effects significantly
reduced the load carrying capacity of the braced frames, especially
in the situation where the braced bents were required to provide
additional lateral stiffness for a number of supported bents. The
braced frames were more susceptible to a reduction in the load carry-
ing capacity than were the corresponding unbraced frames. Thus the
P-A effects are an important design consideration for braced frames,
as well as for unbraced frames.

Based on these findings, a design procedure was recommended
which makes no distinction between so-called "braced" or “"unbraced"
structures. The P-A effects are included in the basic analysis, and
the designer is therefore justified in using an effective Tength
factor less than one in the interaction equations. The method pro-

vides a uniform factor of safety for structures with varying P-A
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effects, and does not necessitate the artificial distinction between
frames which derive their lateral stiffness through the flexural
action of their columns and girders only, and those which have a
vertical truss or shear wall system. |

| In addition a number of conclusions regarding the basic
behavior of structures arose from the studies of the braced frames.
In the combined load case, the rotation capacity of the twenty-four
story braced frame was terminated when the leeward column in the
bottom story reached its yield load in compression. Thus the
increased axial load in the leeward column stack due to the accumu-
lative effects of the vertical components of force from the bracing
members 1is an important design consideration.

Equally important in the vertical loads only case, is the
critical axial load of the bracing members. If the bracing members
are permitted to buckle due to axial shortening of the columns, they
are ineffective in resisting a sidesway motion of the structure until
they return to the elastic range. In this case the designer has three
alternatives:

1. Design the frame to resist the buckling motion under factored
gravity loads without the aid of the bracing members.

2. Calculate the sway necessary to return the bracing members
to the elastic range, and determine if the structure is
stable in this deflected position.

3. Design the bracing members to remain elastic under the

influence of axial shortening.
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Alternative 1 is probably uneconomical, and 2 is difficult to assess.
Alternative 3 is therefore recommended to ensure adequate structural
stiffness. ;
The type of bracing system chosen influences the behavior of
the structure. The K-bracing system has the advantage of supporting
the girders at midspan, and therefore permits the use of lighter girder
sections. However, when one of the bracing members buckles as the
load on the frame is increased, the girder must be capable of resisting
the difference between the vertical components of force in the braces.
If the girder is too flexible, the effectiveness of the brace will be
reduced. In addition, if the bracing members are used in a configura-
tion in which the gravity loads on the girders subjects them to com-
pression, the stiffness of the frame may be drastically reduced if the
braces are not both designed to remain elastic for a considerable

portion of the loading history.
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APPENDIX A
COMPUTER PROGRAM

THE AUTHORS AND THE UNIVERSITY OF ALBERTA DISCLAIM
RESPONSIBILITY FOR THE MISUSE OF THE FOLLOWING PROGRAM,
NOR WILL THEY BE RESPONSIBLE FOR ERRORS IN THE LISTING.
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A-2

Nomenclature for Computer Program

A
AB
AC
AG
B

CA1,CA2,CA3,CA5,CA6,
¢s1,cB2,CB3,CB5,CB6

cc,ccx,cey

cc2
¢b1,cp2,Cb3,CD4,CD5

cL1,C0L2,CL3,CL5
cu1,cu2,cu3,Ccus

¢7,C8,C9,C10

DEL
DELC
DELD
DET
DLDES
EB

EC
EG

FB

coefficient matrix of equilibrium equations
brace area (inz)
column area (inz)
girder area (inz)

load vector of equilibrium equations
coefficients of girder slope-deflection equations

column stability function (x and y refer to the
column segments if an interior column hinge
exists)

column axial stiffness (KSI)

coefficients of brace load-deformation equations
coefficients of column slope-deflection equations

dummy variables used in connection with the
slope-deflection equations

vertical displacement of a joint (in)
deflection at an interior girder hinge (in)
deflection at an interior column hinge (in)
determinant of the coefficient matrix
design dead load (KLF)

brace modulus of e]ésticity (KSI)

column modulus of efasticity (KSI)

girder modulus of elasticity (KSI)

applied lateral load (K)

axial force in brace (K)



FBP
FBX
FDES
FYB
FYC
FYG

H
IAREA
IELAST
IL
IND
IND2
IND3
INDB'
IREV
IREVZ2
ISTAB
IXC
IXG
110
Im
112
JB
JBL

JC

A-3

plastic capacity of brace (K)

horizontal component of force in brace (K)

design lateral Toad (K)

brace yield stress (KSI)

column yield stress (KSI)

girder yield stress (KSI)

story heignt (column height) (in)

indicator
indicator
indicator
indicator
indicator
indicator
indicator

indicator

= indicator

indicator

for neglecting axial shortening
for elastic analysis

for load increment

of new hinges formed

of‘hinge at column base

of negative determinant

for print control

of hinge reversal

for ignoring hinge reversal

for neglecting stability functions

column moment of inertia (in4)

girder moment of inertia (in4)

indicator

for ignoring hinge reversal

maximum number of hinges at failure

indicator for neglecting P-A effects

brace hinge condition

brace hinge condition at beginning of load

increment

column hinge condition



JCL

JG
JGL

LB

LG

LLDES

LLL

MA,MB,MC

MABP ,MBAP ,MCAP ,MCBP
MFAB ,MFBA ,MFCA ,MFCB
MAX,MBY

ML ,MU,MD

MLUP ,MULP ,MDLP ,MDUP
MM

MMM

NA

NB

NCYC

NL

NLAST

NN

NNN

column hinge condition at beginning of load
increment

girder hinge condition

girder hinge condition at beginning of load
increment

column base spring constant (KSI)

bay width (in)

brace length (in)

girder length (in)

design live load (KLF)

indicator of column axial loads

girder moments at A, B and C (in-k)

girder plastic moment capacity (in-k)
girder fixed end moments (in-k)

moments due to applied girder loads (in-k)
column moments at L, U and D (in-k)

column plastic moment capacity (in-k)
number of column stacks

MM-1

total number of unknown deformations
matrix half band width

number of permissible cycles of iteration
number of Toad increments

number of last load. increment

number of floor 1evéls

NN-1

column axial load (k)




PAPP
PCR
PDES
RABP ,RBAP ,RCAP

RABPL ,RBAPL ,RCAPL

RLUP,RULP,RDLP

RINLL ,RINF,RINP,RINV

RLL,RF,RP,RV

ROT
RXB
RXC
SS,SSX,SSY
SUMV
SWAY
v
VA,VB
VDES
VaT
VJTL
VL,W

A-5

assumed column axial load (k)

critical axial load of brace (k)

design column axial load (k)

girder plastic hinge rotations at A, B and
C (radians)

girder plastic hinge rotations at the end
of the last load increment (radians)
column plastic hinge rotations at L, U and
D (radians)

live load increment, Tateral load increment,
column axial load increment, joint load
increment

live load factor, lateral load factor, column
axial load factor, joint load factor.
joint rotation (radians)

brace radius of gyration (in)

column radius of gyration (in)

column stability functions

variable to cetermine column axial loads
lateral deflection (in)

variable used in equation solver

girder shear at A and B (k)

design joint load (k)

joint load (k)

joint load in previous increment (k)

column shear at L and U (k)



VWA ,VWB
VWAL , VWBL

WC
XC

XG

XMP
YC
YG
ZXC
ZXG

girder shear due to applied load (k)

girder shear due to applied load in previous
increment (k)

girder Toad (KLI)

column width (in)

distance from lower end of column to interior
hinge (in)

distance from left end of girder to interior
hinge (in)

plastic moment capacity of column (in-k)

H - XC (in)

LG - XG (in)

column plastic section modulus (in3)

girder plastic section modulus (in3)
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f 1

[ H>—( CAL; READ )

N\
D——-( CALL*COEFFf —

HCALL LOAD ) -

. e
—> ( cALLsTAB )

1
( CALLEEI )

CCALLYS'OLVE) A A
|

HAS THE SIGN OF THE DETERMINANT
OF THE COEFFICIENT MATRIX CHANGED?

} YES

DOES THE NUMBER OF NEW HINGES AT
A PEAK LOAD EXCEED THE SPECIFIED MAX.?

NO

Y YEs

] RETURN TO THE HINGE CONFIGURATION
’ AT THE LAST LOAD STAGE, AND REDUCE >
THE SIZE OF THE LOAD INCREMENT

Ve
> \__CALL SUB1 )
| ARE THE COLUMN AXIAL LOADS WITHIN
| NO 1% OF THE ASSUMED VALUES?
{ % YES

‘ FIGURE A.1

FLOW DIAGRAM MAIN PROGRAM
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(CALL CHECK 2 )

CCALL CHECK 1)

Y
@LL CHECK 3 )

HAS THE MEMBER HINGING >
?

YES CONFIGURATION CHANGED

Y No

IS HINGE REVERSAL TO
BE CONSIDERED? NO

7N\

Y YEs
( cALLHREV )
| Y Y
HAS HINGE REVERSAL >
YES OCCURED?
f NO
INITIALIZE CERTAIN VARIABLES |

FOR THE NEXT LOAD INCREMENT

I

IS THE LOAD INCREMENTING>

:

NO SEQUENCE COMPLETE?
Y YEs
IS THERE AN ADDITI ONAL >

FRAME TO ANALYZE?

Y No

STOP

YES

FIGURE A.1
FLOW DIAGRAM MAIN PROGRAM (continued)

[EO—
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PERCENTAGE OF BRACING

Y

READ AND PRINT STORY HEIGHTS
"AND BAY WIDTHS

READ AND PRINT NUMBER OF
STORIES AND BAYS, AND

1

READ AND PRINT COLUMN,
GIRDER AND BRACING DATA

READ DESIGN LOADS AND
LOADING SEQUENCE INFORMATION

CALCULATE GIRDER
M p AND BRACING Pcgr

1

INITIALIZE CERTAIN
VARIABLES

1

RETURN

NN

FIGURE A.2
FLOW DIAGRAM SUBROUTINE READ



EVALUATE GIRDEk STIFFNESS TERMS
WHICH ARE INDEPENDENT OF LOAD

Y

EVALUATE AXIAL
STIFFNESS OF COLUMNS

!

EVALUATE AXIAL STIFFNESS
OF BRACING MEMBERS

!

RETURN

FIGURE A.3
FLOW DIAGRAM SUBROUTINE COEFF

————




B /15 THIS A NEW LOAD
“TNo \_ INCREMENT?
Y YEs
<HAS THE SIGN OF THE DETERMINANT OF >_,
THE COEFFICIENT MATRIX CHANGED? —
Y YES

CHANGE SIGN OF LOAD Y
FACTOR INCREMENTS

!

DETERMINE APPLIED
LOAD FACTORS —<

CALCULATE AND PRINT GIRDER LOADS,
JOINT LOADS AND LATERAL LOADS

Y

CALCULATE GIRDER SIMPLE

> SPAN REACTIONS AND FIXED
END MOMENTS

1

EVALUATE GIRDER STIFFNESS COEFFICIENTS
WHICH ARE DEPENDENT ON THE GIRDER LOADS

1

COMPUTE APPROXIMATE
COLUMN AXIAL LOADS

1

RETURN

FIGURE A.4
FLOW DIAGRAM SUBROUTINE LOAD



< IS COLUMN >
P > PY No

' YES

PRINT COLUMN Y
P/P,

Y

CALCULATE COLUMN —

Mpc

!

CALCULATE COLUMN
STABILITY FUNCTIONS

Y

EVALUATE COLUMN STIFFNESS
COEFFICIENTS WHICH ARE DEPENDENT

ON AXIAL LOAD

RETURN

FIGURE A.5
FLOW DIAGRAM SUBROUTINE STAB

[SR—



DETERMINE NUMBER OF UN-

KNOWNS AND BAND WIDTH

i

INITIALIZE CERTAIN
VARIABLES

!

DETERMINE COEFFICIENTS OF
MOMENT EQUILIBRIUM EQUATIONS

Y

DETERMINE COEFFICIENTS OF
VERTICAL FORCE EQUILI-
BRIUM EQUATIONS

Y

DETERMINE COEFFICIENTS OF
STORY SHE AR EQUILIBRI UM

RETURN

FIGURE A.6
FLOW DIAGRAM SUBROUTINE EE1T



ARE THE EQUILIBRIUM ‘
EQUATIONS TO BE LISTED? NO

YES

PRINT COEFFICIENTS
OF EQUILIBRIUM
EQUATIONS

Y

REDUCE THE COEFFICIENT MATRIX TO
AN UPPER TRIANGULAR FORM BY
OPERATING ON EACH ROW SUCCESSIVELY

Y

CALCULATE THE VALUE OF THE
DETERMINANT OF THE COEFFICIENT

MATRIX
1

BACK SUBSTITUTE TO DETERMINE
THE UNKNOWN DEF ORMAT IONS

1

RETURN

FIGURE A. 7
FLOW DIAGRAM SUBROUTINE SOLVE

-
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[ —
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COMPUTE ROTATIONS,
DEFLECTIONS AND SWAYS

Y

DETERMINE COLUMN
AXIAL LOADS '

B

DETERMINE THE ERRORS IN
THE ASSUMED AXIAL LOADS

1

7 PRINT THE ROTATIONS,
DEFLECTIONS AND SWAYS

Y

RETURN

FIGURE A.8
FLOW DIAGRAM SUBROUTINE SUBI



COMPUTE THE GIRDER
PLASTIC HINGE ROTATIONS

I

COMPUTE THE COLUMN
PLASTIC HINGE ROTATIONS

Y

RETURN

FIGURE A.9
FLOW DIAGRAM SUBROUTINE CHECK 2
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COMPUTE THE GIRDER END
MOMENTS AND SHEARS

CHECK FOR AND PRINT
ADDITIONAL GIRDER HINGES

COMPUTE THE COLUMN END
MOMENT § AND SHEARS

1

CHECK FOR AND PRINT
ADDITIONAL GIRDER HINGES

Y

PRINT COLUMN MOMENTS, SHEARS, HINGE CON-
FIGURATION,Mpc AND PLASTIC HINGE ROTATIONS

I

PRINT GIRDER MOMENTS, SHEARS, HINGE CON-
FIGURATION, Mp AND PLASTIC HINGE ROTATIONS

I

RETURN

FIGURE A.10 |
FLOW DIAGRAM SUBROUTINE CHECK 1



COMPUTE AXIAL FORCES IN
THE BRACING MEMBERS

!

<|s BRACING MEMBER IN TENSION? >_._
NO

* YES

CHECK FOR AND PRINT

IF YIELD LOAD REACHED

CHECK FOR AND PRINT
IF Pcr EXCEEDED -

1

\ PRINT BRACING FORCES, YIELD

| CONDITION, YIELD LOAD AND Pcg

CALCULATE AND PRINT SHEAR
UNBALANCE AT EACH LEVEL

| RETURN |

FIGURE A.11
FLOW DIAGRAM SUBROUTINE CHECK 3



‘ HAVE THE BRACING MEMBERS
RETURNED TO THE ELASTIC RANGE? NO

ARE THE GIRDER HINGE '
ROTATIONS LESS THAN (HE
NO PREVIOUS LOAD INCREMEN T?

Y YES

\iRINT HINGE REVERSAL LOCATION /

{ 1

COMPUTE ADDITIONAL GIRDER
STIFFNESS TERMS REQUIRED FOR
FURTHER LOAD INCREMENTS

!

* YES

_ Y
\ PRINT BRACE LOCATION /

1

RETURN <

FIGURE A.12
FLOW DIAGRAM SUBROUTINE HREV
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A.3 Data Cards

order:

The data cards for the program are read in the following

the number of data sets to follow (I5)
an identification card (reproduces first 40 characters at
top of output)
number of column stacks, number of stories (counting ground
level as story one), and percent bracing (213, F9.5)
story heights (8F10.0)
bay widths (8F10.5)
column properties, (one card for each column
- read across each floor level in turn),

IDENTIFICATION, AREA, Iy, Zy, rys WIDTH, Fy, E

(A8, 2F9.2, F8.2, 3F7.2, F7.0)
girder properties, (one card for each girder
- read across each floor level in turn),

IDENTIFICATION, AREA, Iy, Zy, Fy, E, DLDES, LLDES

(A8, F7.2, F9.2, F8.2, F7.2, F7.0, 2F7.2)
bracing properties, (one card for each possible bracing
location - read bracing members sloping upward to the left
across a floor level, then members sloping upward to the
right, then proceed to the next floor level)
IDENTIFICATION, AREA, ry, Fy, E (A8, 3F7.2, F7.0)

column base fixity, (one card for each column stack)(E11.4)



10.

11.

12.
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design loads

FDES (8F10.5)

VDES, (left to right then to next level)(8F10.5)

PDES (8F10.5)

loading sequence information
NL, IELAST, IAREA, IND6, IREV2, ISTAB, I10, I11, I12
(915)

NL: number of load increments if a particular arbi-

trary sequence is to follow (if NL = 0, a regular

load incrementing procedure will be used)
IELAST: if IELAST = 1, analysis will be elastic
IAREA: if IAREA = 1, axial shortening of the columns

will be suppressed

IND6: if IND6 = 1, equilibrium equations will be listed
if IND6 = 2, output will include only the sways at

each load increment

IREV2: if IREV2 = 1, hinge reversal will not be con-
sidered

ISTAB: if ISTAB =1, C =4 and S = 2

I10: number of load increments before leeward hinge
reversal considered

I11: maximum number of new hinges at peak Tload

[12: if I12 = - 5, analysis will be first order

if NL = 0:
read initial values of RLL, RF, RP, RV (4F10.5)
read RINLL, RINF, RINP, RINV (4F10.5) |

Read number of load increments (I5)
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if NL # O:
read values of RLL, RF, RP, RV for each load increment

(4F10.5)




1006

78
27
10¢7
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CrYMCAN/ZAREBMLY/Z AC(9008)eIXC(Y408)42XG(F4048)sFYG{G4C8)FG(I+081},
LDES(9e04)sLIDES{9404)+eLG(9404) ¢eW(S+04)eVWA(I,04),VUB(9,048),
VMFAB(S¢e04) s MFRPA(D 404 ) s MFCA(F9048) sMFCB(I9404)  MAX(F+04)MBY(F,04),
VRAL (G +048) s VRBL(9404)+CAL(9404)+CA2(9:04)¢CA3(9,04):CAS5(9,048),
CAG(S+04)eCHI(G+04)sC02(S5+048)+CHI(F9C8)CBS(9404).CBE(TF4048),
NEARP (9404 ) e MARP (9404 )eMCAP(I404)MCBP(9404)¢XG(9:08),4,YG(S5404),
VA(G904) s VB(G:04) e MA(9404)MB(9,+04) e RABP(94048) RBAP(9,04),
RCAP(S+08)sLELC(9+04)RBAPL(9+08)+sRCAPL(9:04)RABPL(9,04)

CCMMENZAREA2/ AC(F408) o IXC(9908)¢ZXC(F9e048)RXC(S408)4WC(F,4041),
FYC(S004)eEC(9904)+CC(Fe04)eSS(9+04)eCCX(S+048)9sSSX(9,04),
CCY(G204)eSSY(9+04)sCLIIS104)+CL2(F904)CLI(F:+04),CLE(SeCO),
CUL(G404) +CL2(F9+04) +CU3(F:04)eCUS{9404)eMD(IF904)sMC(9,04),
NULP(9+04) s MLUF(G 40434 NMOLP(9904) e MDUF(9+04) ¢XC(Y:04)¢YC(F+048).
XMP(Y4048) s VL(9004) ¢ VU(S 04 ) ML(Fe04)sMU(D04)+sRLUP(G+04),
RLLP(9+04) sRCLFP (904D 4DELD(I904) +LIF)sH(04) +K(9)SUNMV(I),R(100)

CCMMCAN/AREA3/ AF(9+04+2)sRXBIU9s0402)+FYB(9904+¢2)+EB(9404.:2),
LEB(9¢04+2)eCL1(G4048:2)3C02(9:044¢2)eCD3(F9048,92)+CDA(G+04+2)
CC2(G404) sPCRIG90442)¢FB(F00442) FBP(9¢08¢2)eFBX{(F004842)e>(100).
FDES(04) s VDES(9404)s POES(9)sF(04)eP(9:048) +PAPP(9404)VINCR(9,04),
RF(3CO) sRLLIE300)+RP(300)+A(100445)4sV(45:45)+DET+RINLLRINFSRINP,
SWAY(04)+ROT(S404) sDEL(G+04),CDS5(920452)¢C7(92048)+C8B8(I,048)RINV,
RV{300) ¢VIT(S904) e VITL(G:+04)¢CS(F9+04)4C10(3,04)

COMMCANZAREASG/ JC(9908) 350G (9904)eJB(920802) s INDOEsMMy NN MMM NNNo IL»

1 NAGNEGNCYCo INCISLLLWNLoIND2(9) 2 TELASTINLASTSIAREAJINDSIREVeIREV2,

2 ISTAEW 11011141120 JGL(9404)9JCL(F+04)2JUBLII:08,2)s113.,114,115
REAL MA MB oML s MUGL ¢ IXC o IXGILLDESoLGLBsMFBAMFARIMFCAsMFCBeMAX,

IMEY ¢ MEAP MABP s MU AP+ MCBPs MULP s MLUP ¢ MDL P s MDUP 4 K s MC o MD
REAL®E COLUMNJEBFRACE ¢GIRCER+IDENT 1, IDENT2,IDENT3,IDENTA, IDENTS
READ(S+1006) NFRAME
FCRMAT(IS)

DC SS0 II=1+NFRANE

IND=0

CALL FEAD

IF(113EQe0) GC VC 77~

WRITE(6.78) 111

FCRMAT(1HOs *MAXINUM NUMBER OF NEW HINGES AT PEAK LOAD =°*,195)
IF(IAREA.EQ.0) GC TG S00

WRITE(E,1007)

FCRMAT (1HO924+AX AL SHCRTENING 1GNORED)
IFCIELAST.EQ.C) GC TO 4a2¢C

WRITE(6.1008)

FCRMAT(I1HO s 16FHELASTIC ANALYSIS)
IF(ISTAB.EQ.0) GC TO 38

WRITE(64421)

FCRMAY(1HOs*C=4, 5=2*)

IF(I1C.EQe0) GG TG 701

WRITE(64+,1091) 11C

FORMAT(1HO.*HINGE HEVERSAL AT LEEWARD ENUO GF GIRDERS NOT CONSIDERE
1D PRICR TO LOAC INCREMENT*,IS5)
IF(IREV.EQeO) GC TC 702

WRITE(E.751)

FCRMAT(IHO+*FINGE REVERSAL IGNORED®*)
IF(I1Z2eNEe—-S) CGL TC S01

WRITE(E,752)

FCRMAT (LHO 4 *N(O) P-CELTA NMONMENTSY)

CALL (CEFF

NS UWN -

-

m e WwN

o

O UL N -
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CALL LCAD

NCYC=0

CALL STAB

CALL FE1

CALL SCLVE

IF(112.EQs—S) GL 10 66

112=0

IFCINC3.NESL) GC TO 4S

IF(111.EQe0) GC 10 S02

IFCINCLEol11) GO YO SC2

RINF=Cel1*RINF

RINP=0.1¢RINP

RINV=C 4 1#RINV

RINLL=0.1%KRINLL

IND3=0

112=1

T1a=1L+}

DC 60 N=1eNN

DC 59 M=) MM

JCIMIN)I=JICLIMN)

JE(MeN1)=JBL(MeN, 1)
JE(MNe2)=UBL(NeN,2)

JOG(MeN)=JIGL(MeN)

IF(CO(MN) cEQeleC) MABP(M N)=—MABP(M,N)
IF(CO(MoN) eEGQe2e0) MBAP(MeN)=—MBAP(M.N)
IF(CO(MN) eEUe3a0) MCAF(MN)=—MCAP(M,N)
IF(CO(MIN) eEQedoe0) MCBP(MyN)=—MCBP(MN)
IF(CLIO(MoIN) cECol ¢0) MLUFP(MN)=—MLUP(M¢N)
IF(CICI(MIN) cEGe2e0) MULP(MN)==MLLP(MN)
IF(CIO0O(MeN) ¢EGCe340) MDUP(M N)=—MDUP(M,N)
IF(CLO(MN) cEGCe4:0) MDLPININ)=—MDLP(MsN)
CCNTINUE

CCNT INUE

WRITE(6,50) IND

FORMAT(1HO IS NEW HINGES FCUNC AND LOAD INCREMENT DECREASED')
IND=0

GC TO S01

CALL suBl

IFINCYC.GEL10) CL TO £C8®

IF(LLL «EGel) GC TO S04

IF(NCYCWlL.To10) GL TO S5C9

WRITE(64999)

FORMAT(1HOSOFPERMISSIELE NUMPER OF CYCLES OF ITERATION EXCEEDED)
CO 52C N=1.NN

DC 519 M=) MM

F(M¢N)=PAPP(MN)

CCNTIMUE

CONTIMUE

CALL CHECKZ

CALL CrECK]

CALL C(FrECK)

IFCINCOGELL1) GC T1C 5¢C1

IF(1IKEV2.EQ.l1) CU TC aCC

IF(IL+EQeILN) CGC TGO 40OV

CALL rKEV

IFCIKEVeGESL) GC TO S01

DC 450 N=2,NN

DO 44G M= ] MMM

RABPL (M N)=RAEP(M,N)

REAPL (N JN)=HBAP(M,N)

e




[}

4449
4L 0

64
t5

€40

r

NS L W

SCUOLUN -

2O UWUN -
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2
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RCAFLA(NMJN)=LCARP(N,N)

CONTINLE

CONTINLE

DL 65 =] AN

CU 64 M=) ¢MM

JCLIMeN) = JC(MeN)

JCLANMJNI=JG(MN)

JEL(”;N.I’=JE(M.N.&’

JEL(MeNG2)=UB(NMN,2)

CGIMeN)=0,0

ClO(NMN)=C,0

CONTINUE

CCNTINLE
IF(NL.EC.0O) GL T1C 540
IFCIL.LTNLY GG YO Sso02

GC YO 550

IFCILLT.NLAST) CC TC S02

COCNTINLE

sSTOP

END

SUBROLTYINE READ

CCMMCMN/ZAREALY/ AQ(QQOQ).lXG(9u04)sZXG(9004)0FVG(9'04,oFG(Q.OQ,-
DLDES(goob)QLLUES(Q.OQ)oLG(Q'OQ)oW‘9.O4’.VWA(9'04)-V“8(9004)o
MFAB(Q.O‘)OMFEA(Q;O‘)o"FCA(goOQ)tMFCB(9004)QMAX(QOQQ)'"BY(9'0~'¢
VhAL(goOQ)oVWBL(goOQ)QCAl(9.0‘)0CA2(9’04)'C43(9'04)QCAS(QOOQ)O
C‘6(9|04’QCBI(9004)-CBZ(Q-OQ’0CB3(9004)0C55(9o04)’C86(900‘)0
NEAP(Q.OQD.MAEP(9o04).MCAP(Q.OQ).MCBP(Q.OA).XG(9.04)oVG(9.0¢).
VA(9004)QVB(9¢0°)QMA(9’04’nMB(9o°4’.RABP(9.04)ORBAP(9004)Q
FCAP(Q.OA)oDELC(9004)0RBApL(9004)ORCAPL(90°4’QPABPL(900‘)

CCNMCN/AREA2/ AC(QQOQ).lXC(QOOQ)oZKC(QQOQ’oRXC(goOQ,,'C(90°4)o
FVC(Q.OA)mEC(0.0él.CC(Q-O#).SS(Q.OO).CCX(?.OQ).SSX(9.04).
CCV(GQO‘).SSV(Q.OQ'OCLI(Q-OQ).CLZ(QQQQ)cCLJ(QOOQ,OCLS(QQOQ)o
cul(9|o‘,.CUZ(Q'O“)0CU3‘9!°4)'CU5(9’04,0MD(Q.O‘).MC(9.°4,.
"ULP‘Q.OQ)QNLLF(9004,'MDLP(9'04)QMDUP(9004)'XC(9|06)1YC(9|0Q,'
qu(G.OQ).VL(Q-OQ).VU(9-06).ML(Q.OA)oMU(Q.OQ).RLUP(9.04)o
FULP(Q.O‘)CRCLP(9004)QDELD(9'°4)0L(9)0H(°4)vK(g,oSUNV(g,oB(IOO)

COMMCMN/AREA3/ AE(D+04¢2) skXPB(9204+2) oFYB(9¢04+2)+ER(9+04¢2)
L8(900402,QCDI(GoOQQZ’0C02(9004'2).CD3(9004'2)QCDQ(GQOQQZ)O
CC2(9.04).PCG(9-04.2).FB(9-06.2).FBP(Q.O#-Z).FBX(9.0&.2).X(loo)-
FDE5‘°4’QVDES(goOQ)opDES(g’oF(OQ)19(9.0"oplpp(9o0‘)'VlNCR(9'O‘)v
FF‘300)'RLL(30°,QRP(300,|A(IOOoQS’oV(‘S'QS,oDE'.RlNLLOR[NFQRINp'
5“'(04)-ROT(Q-OQ)ODEL(9v04)'CDS(QOOQQZ)o(?(qooﬁ)oca(9c04’oRlNVo
RV{300)eVITIS404) 4 VITLIG,04)CS(S404):C10(9,04)

CCMMCN/AREAG/ J((9|04).JG(Q.O“)GJE(goOQQZ)olNDﬁv”MoNh'MM“'NNN'lLo
hAoNﬁoNCVCO[ND3.LLL-NL'IR02(9)olELAST.NLASTolAREﬂ‘INCQIQFVQlﬁEV?o
lSTAB.llo.!ll.ll2.JGL(9.04)-JCL(Q.OA).JBL(Q.OA.Z)'I13.114.lls

REAL “A'MB'”L.MU'LIIXCOle.LLDESILG'LEGMFB"MFAEOMFCA'MFCB.NAX.

NEY ¢ MEAP s MABP ¢ MCAP ¢ MCEBP s MULP ¢ NLUP o MDLF s MDUP ¢ K o MC o MO

REAL *& COLUMNERACE+GIRCER s IDENT 14, IDENT2,IDENT3,IDENTA, IDENTS

REAC FHAMF GECMETRY

WRITE(6+,2000)

WRITE(6,2001)

READ(S41060) INENTLIDENT2,IDENT3LIDENTS,IDENTE
WRITE(E.1061) ICENTICICENT2,IDENTI.IDENTA,I0ENTS
WRITE(€E,2002)

WRITE(E+2001)

READ(S.1000) MM NN,FEKREFR

MMMV~ ]
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MAAZAA—]
WRITECO,1062)NNN MV
WRITE(6,4,1063)

KEAD(E440601) (F(N)A=1RRN)
DC 8 A=1,NNN

WRITE(641006) NekF(N)
CCNTINLF

WRITE(6410064)

REAU(S+1001) (L(M)oM=1MMM)
DU 7 F=1oMMN

WRITE(6,1066) MeL(M)
CCNTINUE

REAC WMEMBER PRGPERTIES

WRITE(EL107S)
WRITE(6410067)
DU 10 N=1+NNN
DC 11 M=1.MM

READ(S¢1002) COLUMN ¢ACIMeN) s IXCUMeN) ¢ ZXC(MeN) ¢ RXCIMN) ¢ WC(MeN
1) oFYC(NMeN) JECIMN)

WRITE(G6+1068) MeNCOLUMN ¢ACINGN) o IXC Mo N) g ZXC {MsN) +RXC(MeN)o W
1C(MaN) FYC(MsN)JEC(NM,N)

JC(MeN)=1

CCNTINUE

CONTINMNUE

DC G NM=1eMM

WC(MJANI=ZWC (M NA—1)

CCNTINUE

WRITE(EL107¢€)

WRITE(641069)

DC 12 N=2.NN

DC 13 M=} MNM¥

READ(S+1003) GIRLER SAGENMeN) s IXGIMeN) ¢ ZXGIMsN) sFYGIMN) 4EG(M,N
1)sCLDES(MeN) JLLDES(MeN)

NRITE(€E41070) MeNGIRDER CAGINSN) s IXGIMeN) e ZXG(NGN) s FYGIMsN)E
1G(MoeN) cDLDES (M N ) JLLDES(MN) '

COCNTINLE

CCNTINMUE

WRITE(6.,1077) PERBR

WRITE(€L1071)

DC 14 N=1,NNN

DC 15 v=22,MM

READ(€41004) ERACFE sAHINM N1 ) s RXBIMsAN 1) ¢FYBIMeNI 1 )sEB(MeN,1
1)

AE(MeN s L )=PEREF$AE(NeN, 1)

WREITE(6.1072) M.N+BRACE ¢AB(MoNel) sRXBIMiNs 1) FYBIMN,1)EB(
1MeNol)

CCNTINLE

DC 16 M=] MMM

REALC(£,1004) EWRACE dABIMINGZ2) e RXDB(IMING2)eFYBIMoNI2)eEB(MIN,2

1)

AE(MyN 2)=PLRERSAR(MyNGZ)

WRITE(6EL,1073) NMoNJHRACE CAEB(MINL2) sRXB(MeNs2) s FYB(MeN,2) osFBI(
IMeN,2)

CCNTINLE

CCATIMNLE

KEAC CCLUMN FIXTTY

%
!
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WRITE(E41080)

DC 47 M= .MM
READ(E41030) K(wm)
WEITE(E.1081) MoK(N)
CCATINLE

CALCULATE GIKDEw & BRACINC LENGTHS

DC 21 N=2 4NN

DO 20 W=} MMM
LCIMoNISLIMI—0C2(WCIMIN)4WC(M+14N))
JGIMN)=1

CCNTINUE

CONTINUE

OC 24 A=l NAN

I=1

DC 25 M=2.MMm

LBIMoNo 1) =SORT(HIN)ISH(N) 4L (NM=1)EL (M—1))
JE(Mshel)=1

FE(MeN,1)=0,0

FEBX{(M¢N+sI1)=0eC

FOP(MoN 1 )=ABIMcN s I)SFYP(MeN, 1)
COCNTINUE

1=2

DC 26 M=) MMM
LE(MJNG2)=SORTIF(N)SHIN) L (M)SL(M))
JBIMsN,2)=1

FBINWNeI)=0,0

FEX(MeNoI)=040
FEPIMNITI)I=SAB(M N I)SFYR(MoN,I)
CCNTINVE

CONTINLE

REAC CESIGN LCACS

WRITE(E.1082)
READ(S41011) (FCES(N) eN=2,4,NN)
DC 30 N=24NN

WRITE(6,1083) N FDES(N)
COCNTINUE

WRITE(641084)

READ(S40011) ((VCES(MsN) oN=1LeMM) sA=2,NN)
DC 32 N=2,NN

DC 31 N=l.MMm

WRITE(6¢108S) MoNs VOES(MN)
CONTINGE

CCNTINLE

WRITE(E&,108¢)

READ(S+1011) (FLES(N)eN=1,MM)
DC 33 M=l .MM

WRITE(64.1087) N ,FDES(M)
CCNTINLE

REAC LCACING SECUENCE INFCRMATICN

WRITE(E,2008)

READ(S+1014) NLoIELAST s TAREACINDECIREV2,ISTABI1061114112
IF(NL.EC.0) GC T(C 42

DC 40 1=14NL

REAC(E41015) RLLIUTI) oRFUID)oRF(TI)RV(I)



[alial

n

~

a0

42

50

339
340

348

34y
350

Jes

A-28

WHITE(E+1089) T+RLLIIVRF(I)eRFLI)RV(I)
CCNT INVE

GC 10 S0

READ(£,1015) KLLU1)RFL1)RPL1).RV(1)
I=1

WRITE(641089) [RLL(I)FF(I)+RP(I)sRVI(T)
HEAD({S,1015) FINLLoKINF RINPJRINV
WRITE(€4,1090) RINLLWHINFJRINPJRINYV
READ(S,1016)NLAST

CALCULATE PLASTIC NCMENT CAPACITY UF GILRODERS

OC 340 N=2.NN

DC 339 M=) .¥MM

MEAP(NM o NIZFYGCIMNDPRZXGIMIN)
MABF (VMo N)=MEAF (MyN)
MCAP(NM«NI=MEAF(MoN)

MCBP (Mo N)=MEAP (MoN)
CONTINUE

CCANTIMLFE

CALCULATE CRITICAL AXIAL LOAD OF BRACING

CC 35C N=1+NAN

DC 348 M=2,MM
PCRIMiNsl1)I=FGHOGCERXB(N oMo 1 )RERXBINM N L)ZEB(MsN, 1 )3AB(MeNL 1)/ {LBIM,
Noel)SLB(MsN, 1))

IF(PCR(MsNs1)LEFBF(MiNs1)) GO TG J48

PCRIMIN1)I=FBF(M,N,1)

CCNTINUE

DC 349 M=1,MMM
PCR(MeAN42)=9.,8656*RXB(N 4N 2)*RXBIMN2)IXEBIMNI2)ISAB (M N,2)/7(LBIM,
Ne2)E®LE(MsNs2))

IF(PCR(MeNs2 ) oLE FEP(MoNs2)) GO TC 346

PCRIMsNe2)=FEBP(M,N,2)

CONTINLE

CCNTINLE

INITIALIZE CFRTAIN VARJTABLES

DET=1C0.0

DC 37C N=2.NN
DC 366 M= NMN
CG(MeN)=040
MA[(M,N)=0,40
ME(MeN)}=0.0
MC(MeN)I=0a0
VA(M N)=0e0
VE(MeN)=0.0
CAB(MN)=0,0
CE6(M.N)=0.0
XG{MeN)=1204,0
YC{M¢N)=120.0
VRAL(MN)=0.0
VRBLIMN)=0.C
HABFL(M,N)=040
REAPL(M¢N)=0,0
RCAPL (MeN)=0sC
DELCA(M ¢NDI=U,0
CONTINLE
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COCNTINLVE

1€ 372 N=1eNRA
DC 371 M=1.MM
Cl10(MeN)=0.0
ML(MeN)=0,0
ML(MMN)=0e0

"MC(MeN)=04,0

]

1

VL(MeN)=0e0

VU{M¢N)=0.0

PAPP(NMN)=0.0

F(M.N)=0.0

MULPIN N)ZFYC(NeN)EZXCIMN)
MLUP(NMN)=NMULP (MoN)

MOLF (M oeN)=MULF(NMoN)

MCUP (M eN)=MULF(NN)
XMP(MeN)I=MULP(N¢N)
XC{MeN)=120.0

YC(MeN)=120.0

CELD(NMeN)=040

VJTL(N¢N)=0.0

COCNTIMNUE

CCNT INUE

DC 380 M=]1,MM

P(MsNN)=0.0

VJTLINF sNN)=0.0

VJT(Ms1)=0,0

PAPP(FMeNN)=0.0

CCNTINUE

IL=0.

IND3=0

IREV=0

FCRMAT (21 3+F9.%)
FCRMAT(8F10.0)

FCRMAT (ABsF9e29F962+sF8e2+3F7e2¢F7.0)
FORMAT (ABoF 702sFGe2eFB8e2sFT7e2eF7:042F7.2)
FCRMAT(AB+3F7424+F7.0)
FCRMAT(8F10.5)

FCRMAT(915)

FCRMAT (4F10.5)

FCRMAT(1S)

FCARMAT(E11.4)

FCRMAT(S5AR)

FORMAT (1HO+SA8)

FCRMAT (LIHOe13+9F STGRIES.+13.5H BAYS)

FCRMAY(1HO+17+STCRY FEIGHT)
FORMAT(1HO .15+ LAY wIDTH)
FCRMAT(IH +13+€6XFELD)
FORMATI(IHO.104KHLCCATICA TYPE AREA | &
Zx RX wiDTH FY €)
FCRMAT(IH 2s13¢1Foesl305XsABe2(S5XeFDe2)e5XsFB842:s3(EXsF762)95XsF760)
FCRVMAT(IHO,10ERLCCATICA TYPE AREA X
Zx Fv 13 DEAD LOAC LIVE LOAD)

FCRMAT(IH 1331 F ael39SXesAB8eS5XKeFT702e5XKesFFa2¢CEXsFBaleS5XeFTa2¢5XsF720
sEXeFTe2¢5XeF7e2)
FCRMAT (1HO+cBF LCCATICN TYPE ARE A RX

FY F)
FCRMAT(IH o130l Feelle3He 1oCEXsAEsEXIFTe2s5XsFTa2eS5XeF7e2e5XeF7.0)
FCRMAT(IH 213.lFeel3¢3H,y 2e5XeABeSXeF7e205XsFT702s5XeF7e2+5XeF740)
FCHMAT (1HO 1 7HCCLUMN FRCFERTIES)
FCRMAT (1041 2FGIRCER FHCFERTIES)
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FCRMAT(1HO+*PRGHERTIES CF DIAGCNAL BRACINGe?9F1045+° TENSILE E COM
IPRESSIVE CAPACIVY?*)
FCRMAT (LHO ¢ JLFCOGLUNMN BASE SPRING CONSTANT)
FCRMATE(IH +iXs13412XeELLe8)
FCRMAT(1HO,3SH-FLCCR LEVEL DESIGN LATERAL LOAD)
FCRAMAT(IH +4Xe13+¢14XeF1045)
FURMAT{1HO, 30hJUINT DESIGN VERTICAL LOAD)
FCRMAT(1H oJ2¢1Feel346XeF10e5)
FCRMAT(L1HO»42FCLLUMN CESIGN AXIAL LOAD AT COLUMN TOP)
FORMAT(LIH o1Xo13+15X+F10.5)
FCRMAT (L1HO+*LLAL SECGUENCE LIVE LODAD FACTOR LATERAL LOAD FA
1CTOR AXIAL LCAD FACTCHR JCINT LOAD FACTOR®)
FCRMAY(IH ¢S5XeI13913XsFl0eSs12XsF1065413XeF1065¢12XesF10e5)
FCRMAT {1HO s *LGAC INCREMENT *7XsF10e5012X9sF10e5¢13XeF1065412XeF10.5)
FOCRNVAT(IHL ¢ 'S #4644 4058 2SS A ARTXSERARERRS SR RES SRR )
FCRMAT(1H o' 2% 2232320080330 505005888885 %62684%%kbskn?)
FORMAT(1HO s * %k %2 228520542604 X SRR 0SSR SRR KR EEEERESR )
RETURN
END .
SLBROUTINE CQEFF
CCNMCN/AREAL/ AC(9:08)41XG(9204)e2XG(9:08)sFYG(9:04)+EG(94+04),
DLDES(9+048) ¢LLLES(9+04) el G(9404)sW(9404) ¢ VWA(I404)VWB(9+04),
NFAB(G904) s MFPA (9904 )y MFCA(9404)eMFCB(9:048) s MAX(S¢04)oMBY(G,04),
VWAL (9404) +VWBL (G004 )+CA1(9+08)9CA2(9408)+CA3(94+04)+CAS5(9:04),
CA6(S5¢04)4CBL1(9404)+CB2(9e048)+CB3(9+04)+CB5(9+04)+CB6(9,04),
VEARP(G+04) s MAEP (9+04) o MCAP(9904) s MCBP(94¢04)eXG(9¢04)eYG(9:04),
VA(D404) s VB(Ge04)sMA(F¢0A)+sMB(9,04) sRABP(9+04)RBAP(9+,04),
RCAP(S4048)¢DELC(9+04)sRBAPL(F404)¢RCAPLI9,+,04)+RABPL(S,+04)
COMMCAN/AREAZ/ AC(Ge08)4IXC(94048)eZXC(F9:08) sRXC(904)WC(9:04)¢
FYC(S0048)0sEC(I0048)9CC(9¢048)9SS(9+08)+CCX(F+048)4SSX(9,04),
CCY(S404)eSSY(9204)eCL1{9404)sCL2(TF404)+CL3(9:04),CLE(F+04),
CUL(SeC4) +CL2(F+04) eCU3LST408)4CUS(9+04) 4MD(F+04)eMC(9,04),
MULFP(94048) s MLUP(9+08) s MOLP(9404) s MDUP(9+04) +XC(I:,04)+YC(S,04),
XMP{9404) e VL(9e04)+sVU(FG+04)+MLI9:048)sMU(D,04)sRLUP(S:04),
RULP(3+08) sRDLP (94048 )sDELD(9+04)+L(9)eH(04) +K(S)sSUMV(I),B(100)
COMMON/AREAZ/ AB(9404+42)sRXBI96044¢2) +FYB(9:04+2)+EB(9+0442)
LBUS+08,2)+C0LI(G00802)¢C02(9904¢2)+CD3(9+044+2)+CD4(9:04842)¢
CC2{9+048)4PCR(F404+2)+FB(I304+2) oFBP(G20442)+FBXI{9+04,2)¢X(100),
FDES(0Q) s VDES(9 404 )¢ PODES(9)+F(04)sP(9+08)sPAPP(9+04)eVINCR(D:04),
RF (300) +RLL(300)sRP(300) +A(100445)eV(45,45)DETRINLL+RINFLRINP,
SWAY(04)+sRUT(F¢CA)sDELIS408)sCDS5(9+0442)4C7(S6048)+CO(9:04),RINV,
RV(300)sVIT(9404)sVITL(9+04)+CS(SG,04).C10(59,04)
CCMMUN/AREAA/ JC(9404)0JG(F008)4JB(9,30442) ¢ INDOsMMy NN MMM NNN, IL o
1 NAJNEJNCYCoINDILLLoNL IND2CO) s IELASToNLASTIAREAINDIREV,IREV2,
2 ISTAE«I10e11101124UGL(9¢04),UCL(F504)3JUBL(D990442),4113.114,115
REAL MAJMB sML oMU L o IXCoIXGoLLDESsLGsLBMFBAMFABMFCAMFCBsMAX,
LMEY o MEAP ¢ MABP ¢ NCAF J NCEP s NULP s MLUP ¢ MDLP ¢« MDUP oK ¢ MC 5 MD
REALSE COLUMNBRACE+GIRCERIIDENT 1 s IDENT2,IDENT3LICENT4, IDENTS

CNEWN - NO RO WN -

CCEWN -

EVALUATE COEFFICIENTS OF SLOPE-OLFLECTION EQUATIONS WHICH ARE INDEPENDENT

CF LCaAD

GIRCEFRS

CC 129 M| MMM
0C 119 N=2,AN
IF(JG(MN)sECel) GL TC 110
IF{JGIM4N)EUWL2) CO TC 111
IF(JGI(MIN)ECe3Y GC TC 12



TFLJCIMeN) s ied) GL TOC 112
IF(JGINN) et GaS) CC T 1134
IF(JGI(M NI e GCetd GC T 11€
IF(JGIMeN) o ECa7) COC TO 11E
IFLJIGIMN) ot LaH ) GL YO 117
IF{JU(MN)EGIC) GL YC 110
IF(JG{MeN) b Gell) ¢C TC 110
IF(JIGIMN) L Cedc) GC TC 210
IF{JGIMN)FUL13) GC TC 112
IF(JGIMN)tEQels) GO TC 111
IFCJIGIM,N) . ECalE) GC TC 113
IF(JG(MN)etLalt) GOL TC 111}
JFC(JGUIMN) ECQ17) GL TC 113
IF(JGIMN) sECe18) GC TC 112

"IF{JG(M.N)EQe20) GL YC 116

IF(JG(MN)EC.21) GC TO 115
C1=WC{MN)/LG(WMN)
D2=WC(M#1+NI/LGINN)
CI=EGIMNI®IXG(M4NDI/LG(NeN)
DA=D3/LG(MN)
CAL(MeN)=(4.043.0%D)1)*03
CA2(MsN)=(2,043.0*D2)%D3
CAJ(MN)=6.02D4&
CBL(MNI=(2.,0#3.0%01)%0D3
CB2INMeNI=(42,042.0C%D2)%C3
CEI(MeN)=CA3(MN)

GC TC 119
DI=WC(MN)I/LG(MsN)
D2=WC(M+14NI/LGIMN)
DI=EGI(NMIN)CIXCINMN)/LG(MN)
DA4=03/LG(M,N)

CAL(MeN)=0,0

CP2(MeN)=0.0

CA3I(M¢NI=0,0
CEB1(MeND)=],.S%C14C3
CB2(MNI=(3,04152D2)%C3
CE3(MN)=3.02D4

GC TC 119
DI=MCUMNI/ZLG(NN)
DZ=wC(M+1eN)I/LG(VMsN)
CI3=EGI(VMINISIXC(MNI/LG(MsN)
D4=D3/LG(MN)
CAL{MIN)I=(3.04]).E%L1)%D2
CA2(NMN)=]1.5%L2%C3
CA2(M,N)=3.0%D4
CB1(MyN)}=040

CE2(MeN)=040

CE3{M4N)=0,0

GC TC 119

DE=XGI{M N)%x%3

CE=YG{M N)%*x%x]
D1=1sC/7(CS+LE)
DE=FCGIMN)®IXCI(NN)
D3I=WCIMN)/XG(NMsN)
DA4=wC(MELINI/YGC(NMN)
CAI(MNISDLIEXGINMN)IEXGIMN)I®(3,041.5%C2)%D2
CA2(MN)=CLEXCI(MN)ISYC(MeN)I*(3,041.5%C4)*D2
CAIUINM JN)I=DL*XG{NMN)P3,0800
CELIIMNI=DIEXGINN)IBYC(IMN IR (3,041 .5%L3) D2
CELIMINIZVLIRYCU(NMNIBYG(MINI®(3,041.S8D4)*D¢



114

116

117

119
129

[a]

202
205
210

[a]

CEI(MNI)=DISYGINN)$3.08D2
NC (MM )=MCAP(MoN)
GC 10 119
CAL1(MeN)=0.0
CA2(MeN)=0.0
CA3(MN)=0,0
CBL(M¢N)=0.0
CE2(MyN)=0.0
CB3(MeN)=0.0

6C 70 119
CAL(M¢N)=0,0
CA2({MeN)=0.0
CAI(M¢N)=0.0
CEL(MIN)=0.0
CB2(MN)=0.0
CEI(MIN)=0.0
MC(NJAI=MCAP(M,N)
GC 1C 119
CAL{(MeN)=0.0
CA2(MeN)=0e0
CAI(MeN)=0.0
CEL(MeN)=0,0
CB2(M4N)=0.0
CE3(M«NI=0.0
MC(MsN)}=MCAP(M4N) .
GC T0 119
CAL(MyN)=0.0
CA2(MsN)=0,.0
CA3(MN)I=04,0
CEL(M4N)=0.0
CE2(MsN)I=040
CE3(M,N)=0.0
NFC(MeNDI=MCAP(MoN)
CCNTINUE

CONTINMLE

CCLUMANS

DC Z21C N=14+NNAN

DC 20% M=]1,MM

IF(IAREALEQe1) GC TC 202
CC2(MaN)=ACI{MyNISECIMNI/H(N)

GC T0O 205
CC2(MN)I=10000%ACINMNISEC(MsNI/H(N)
CCNTINUE

CONTIMUE

DIAGENAL BRACING

DC 156 I=1.2

CC 158 N=1.NNA
IF(l.EQ.2) CC TC 158

DC 154 M=2,NM
IFLAE(MyNSTI))1S4,152,154
JE(NAL1)=9

CONTINMLE

GC TO 158

DC 157 M=].VMN¥N¥
IF(Ad{MeNo1)DIIS7015€0157
JEIMsNL]1)=9




A-33

17 CONTINLE
158 CONT INLE
1£9 CCATIMLE
LC 18C I=1,2
DC 176 N=1oNAN
IF(leECe2) GL TC 170
DC 169G M=2,MM
CI=AB(NeNol)PLEINNSTI)/LBI(MsN,T)
De=LI(NM=1)/7LB(MN,T1)
DA=HINI/LB(MINGT)
IF(JE(MINGI)cEGCel) GC TC 160
IFC(JUB{NMNesl)eECell) G TO 160
CCL(M¢N,1)=0,0
CD2(NMeNoI)=0.0
CCA(MeN,1)=0,C
IF(JE(MIN, 1) e€EQec) GU TL 161
IF(JB(MNsI)eEQe3) GG TC 1162
IF(JE(MNel)eEQeS) GO TC 163
1€0 CCI(MN,E)=C18C29D3
CO2( Mo 1)=D1202*D2
COA(MNoI)=D1203#D3
CC3(MiN,1)=0,0
COS(MeNs1)=0e0
. GC TO 169
1€1 COIIMINLII=D3ISFEF{MsNo1)
| COS(MeNsI)=D2#FEF(MsN,I)
. GC TO 169
162 CCI(MeNoI)=—D3I*FCR(MsN,1)
CDS(MeNe 1) =—D2%PCR(MeN,1)
GC 70 169
1¢3 CC3(MeN,1)=0.0
COS(MeN,s1)=0.C
1€V COCNTINUVE
GC YC 179
170 DO 17& M=1,MMM
DI=AB (NN I )HEB(NMINGI)/LR(MeN, 1)
D2=L (M) /LB(MNLI)
DI=H{(N)/LB(M,N,1)
IF(JE(MeN eI )eECel) GO TC 171
IF(JBIMeN,ID)EQGQll) GC TC 171
CCI(M¢N,I)=0.0
CD2(MeN,sI)=0.0
CO4(MN,l)=0.C
IF(JBIMNeI)eEQeZ) GO TQO 172
IF(JE(MsNs1)eEGCLI) GC TC 173
IF(JBININGI)ECeS) GG TC 174
171 CCi(MeNol)=DlI*CoC3
CC2(M N [)=C1%D2#02
CCA(MeNI)=D1%D3*D3
CC3(MN,e1)=0,.0
CCS(M«N,1)=04.0
GC TO 178
172 CCI(MeNs1)=D3I*FEF(MsN,1)
COS(PM NI )=D2*FEF(MN, 1)
GC TO 178
173 CCI(M NI D)=—DIIFCRIVMJN,LI)
COS(MN 1 )==D2¢FCR{NJN,I)
GC TO 174
174 CLI3I(MeNeI)=04.0
CCS(MeN,1)=0.C



[aNaXal

170
179
1e0

893

Bs5S

Y00

SC)

A-34

COCNT INUE

CCNTINLE

CCNTINUE

RETURNM

END

SLBROLT INE LUAD

COMMCN/ARE AL/ AG(Q.OQ’-llG(QQOQ)oZXG(QQOQDoFYG(QOOQ)-EG(Q-O"O
DLDES(QQO"-LLDES(Q'OQ)oLG(Q'OC)'U(goo‘)OVUA(9.04’QV'B(900"'
"F‘B(goo‘"NFEA(QoOQ)oMFCA(quQ)o“FCB(Q.OQ).MAX(9.OQ).NBV(9QOQ).
VWAL (9,04) ¢ VRBL (9+04).CAL ‘9004)0CA2(9.°§)oCAJ(QQOQ’.CAS(QOO‘)O
CAG(G.OQ)oCBl(9004)oC82(900"0CB3(900§)oCB§(9.°4)tC56(9QOQ.0
MBAP(0.0‘).MABP(0.0C).NCAP(9-06).NCBP(Q.OQ) 2 XG(9:048)4YG{9:08),
V‘(QQOQ’oVB(QQOQ)'M‘(9004)o“B(QQOQ)oFABP(9cO‘).RBAP(9o°C)O
RCAP(910Q)ODELL(9.OQ)uFBAPL(Q.OQ)QRCﬁPL(9QOQ)vRABPL(9QOQ’
CGMMCN/AREA2/ A((o.oa).IXC(9.04).ZXC(9.04).RXC(9.00).!C(9.00).
FVC(Q.OQ)pEC(QOOQ)QCC(9000,055‘9000,'ch(qioﬂ’.Ssx‘9v0‘)|
CCV(Q'O‘)'SSY(Q.OQ)oCLl(9004)0CL2(9.0‘)OCL3(9¢O‘)0CL5(900"|
cul(9.04).CUZ(0.0A).Cu3(9.00).€b5(9,04).MD(9.04).NC(9.00).
IULP(9.0"o“LUF(gﬁo"Q“DLP(9'°‘).~DUP‘9QOQ’QXC‘Q.OQ’OVC(9.°"0
INP(9.°‘)oVL(9-°‘)-VU(9¢0‘)QIL(QQOQ)o“U(9o°‘).RLUP(°.°‘)o
“ULP‘9.0‘)-RBLP(9.O‘)-DELD(9.0‘)GL(9’-H(OQ,9K(9)-SUMV(9’08(loo)

COMMON/7AREA3/ 08(9'0‘-2)-RXB(900002)QFVB(9.°0'2'053(9OOQOZ)Q
LB(9.04.2)0C01(930‘02)QCDZ(900‘02"CD3(9-°..2)'CDQ(9¢0‘|2)0
CCZ(Q.O.’.PCR(Q.O"Z)'FB(9'0402)0FBP(9'°.|2)0FBX(900‘02).x(loo,-
FDES(O‘)nVDES(9QOQ)'PDES(Q.QF(OQDQP(QQOQ).PAPP(gpo‘,'VlNCR(9o°‘)'
FF(SOO’QRLL(SOO)'QP(JOO)QA(IOO.Qﬁ)vV(‘S.‘sﬁQDET.RINLL.RINFOQINPO
S‘AV(O‘)onUT(9oOO)ODEL(9004)oCD5(9.0‘02’0C7(900".C8(900.)OPINV0
RV(300)eVJIT(9+04) s VITL(904):CS(9¢04):C10(S,04)

COMMON/ AREAS/ J((Qoo‘,oJG(goOQ)oJB(Qvo‘oZ)olNDb.ﬂl.NN.ﬂﬂﬂoNNNolL.
1 NAQNE.NCVC:IND?'LLLQNLQINDZ(9).‘5LAS'.NLAST;[AREA.lNo.lnEV.IFEVZQ

2 ISTAB'||°vllloll2-JGLl9.°4).JCL(9'04)tJBL(910002)ol‘3oll‘-||5
REAL MA oMB oML s MU sL o IXC s IXGoLLDES sLGsLE+sMFBASMFABIMFCAJMFCBIMAX,

1 MBY s MEAP s NABP ¢ MCAP ¢ MCBP s MULP ¢ MLUP s MDL P s MDUP s K ¢ MC s MD

REAL®E COLUNN.EF‘CE-GIﬁDEF.loENTl.lDENTZ-IDENT3.!DEN'40IDENTS

O eUN - NS WN -

oM s WK -

DETERMINE APPLIED LOADS CN FRAME & COMPUTE FIXED END MOMENTS

IFUINC3.EC.1) GC TC 893
IF(112+EQel) GO TO 893
IF(INDJGEel) GC TG €95
IF(IREV.GE.1) GC TO 895
IL=lL 41

WRITE(6,1309) 1L
IF(112.EQel) GO TO 77
IF(NL«GTL0) GG TO 308 ‘
IF(CEYeGEC0.0) GC TO 900
IF(INC3.NE.1) GO YO S00
RINF=-RINF

RINP==RINP

RINLL=—-RIML

RINV=—=RINV

GC TC 901

IF(INC.GE«1) GO TO 308
IF(IREV.GESL) GC TO 308
CCNTINLE

IF(ILeECeL) GC TC 308
ni=tL-1
RELIL)=RFOIL L) ¢RINF
RLLOIL)SRLLOIL 1) SRINLL
RFCILI=RPUILI)¢FINF



R4

3C8

3C9

6043
310

693

324

325
1299
1309
13¢0
1301
13c2
13cC3

[a I W ol

RV (IL)=RVIIL L) ¢INY

GC TC 108

ILz=1L-2

HPUIL)=RPLIL2)

RFE (L )=RF(IL2)

RVOIL)=RV(IL2)

RLLOILI=RLLCIL2)

DC 310 N=24AN

FIN)=RFLIL)®FLES(N)

DC 306 M=1.MMM
W{MeNI=DLOES (Mo ND+RLL (IL DSLLDES(MN)
VRA(MN)=WIMN)IFLGIMN) /28,0
VRB(MeN)SVIA(NN)
IF(JGIMoND EQe4) GC
IF(JG(MeN) +EQe€) GG
IF(JUGIMeN) sEQe?) GC TC 311
IF(JG(MJN)EQ.3) GO TC 311
IF(JG(MeN)EC.15) GO TO 311
IF(JGI(MN)EQal17) GC TG 311
IF(JGIMeN)EQ.20) GO TC 311
IF(JG(MeN)EQe21) GC TO 311
MFBA(MNI=WI(MNISLGIMsN)*LG(MN)/144.0
MFAB(M¢N)==MFBA([N,N)

GC T0 309

MFECA(NoNDIZW(MeN)EXGIMoN) $XG(MsN)/144,0
MEAB(MoN)=~MFCA(M,N)
MAXCMoND)=6.0CMFCA(MN)

MFBA(N N)=W(M N)ISYG(M N)EYG(MeN)/144.0
MFCB(MN)I==MFRA(N,N)

MBY (MeN)=6.0¢MFEA(M,N)

CONTINUE

DO 608 M=] MM
VJIT(MN)I=VDES(MNISRV(IL)

CCNTINUE

CCNTINUE

IF(IND3.EQel) GC TG 693

IF(112.EQel1) GC TG €92

IF (INDeGE«1) GO TQ 700

IF(IREVLGE.1) GC TO 700

IF(INCG6.EQ.2) GC TO 950

WRITE(641300)

DO 420 N=2,NN

WRITE(Gs 1301)NFIN)RF(IL)

CCNTINUE

WRITE(641302)

DO 325 N=2,NN

DC 324 M=) MMy
WRITE(G1303)MNeWw(MeN) JRLL(IL)

TC
JC

3
311

CCNTINUE

COCNTINLE

FCRMAT (1HO 44 +HCOLUNMN AFPPLIEC LCAD LCAD
FCRMAT (1HL1,1SHLOAC INCREMENT ,14)
FCRMAT(1HO.44FFLCCR LEVEL LATERAL LOAD LOAD
FORMAT(LIH 216¢10XeF10e5¢7%4F10.5)

FCRMAT (1HO«44FCGIRDER UDL (KLF) LCAD

FORMAT(IH +13413¢10XeF10e5¢7X9F1065)

EVALUAMTE CUEFFICIENTS CF SLCPE-CEFLECTION EQUATICNS
ChN Tht LOADS CN TFHE GIRCERS

A-35

FACTOR)
FACTOR)

FACTOR)

wHICH ARE DEPENDENT



A-36

GC TG0 700
950 WRITE(64122%) Rt (TL)JKLLCIL)WRPCLIL)
bech FCRMAT(1HOL*LUAL FACTCR — LATERAL LCAD *,F10.5,* , LIVE LOAD
I "sF10e5e* . AXTAL LCAC *3F10.5)
7C0 DC 13% N=2,NN
DC 134 M=1,MMM
IF(JG(NsN)LEGel) GC TC 120
IF(JGIMN).COL2) GO TO 121
IF(JGIM,N).EQe3) GC TC 122
IF(JG(MIN)eEGed) GC TC 123
IF(JUG(MIN)FOsS) GO TO 124
TF(JGIMN)EC.E) GO TO 125
IF(JUG(M N} EQe?) GC TC 126
IFLUGIMN).EQ.8) GO TGO 127
IF{JG(MeN)eEG.10) GC YO 120
IF(JGIM,N).EQell) GG 1IC 120
IF(JUGIMeN)+EQs12) GC TO 120
IF(JGIMN) .E£Qel3) GG TO 122
IF(JGIMN) cEQs14) GO YO 121
IF(JUGI(MsN)EQ.LS) GO TC 123
IF(JGIMN).EQelt) GO YO 121
IF(JG(MIN)+EQa17) GU TO 123
IF(JG(MsN)EQelB) GC TC 122
IF(JG(MeN)EQe20) GO TC 126
IF(JG(MN)4EQe21) GO YO 125
120 CAS(MN)=MFAB(NMN)
CES(MN)=MFBA(My,N)
IFCJG(MeN) eEGCotl) GO 70 120
IF(JGIM N) «EQe12) GO TC 130
CAS{(MiN)=CAS(MsN)+CAG(M,N)
CES(MeN)=CBS(M,N)+CBE(M.N)
GC 1C 130
121 CAS(MN)=MABP(M,N)
(BS(MoN)=NFEA(M.h)—0.5*MFAB(N.N)OO.S*MABP(M.N)
IF{JG(MsN) .EQe2) GO TO 130
IF(JGI(MeN).EQ41L) GC YO 130
CAS(MeN)=CAS(NM N )+CAG(MN)
CAS(MeN)=CHS(M¢N)+CBE(MyN)
GC Y0 130
122 CAS(MyN)=MFABIMIN)~0sS¢MFEA(NMIN) +0.S5EMBAP(M,N)
CES(M¢N)=MBAP(M,N)
IF(JGI(M,N)EGCse 3) GC YO 130
IF(JUGIM NI JEQel¥) GG TO 130
CAS(MN)=CAS{MeIv)4CAE(M,N)
CES(MNI=CHBS(NM N )4CBOE(MLN)
GC TU 130
1.3 CE=XC{MeNI*%3
DE=YG(M,N)%%3
Cl=1eC/7(DS+DE) .
CAS(MoN)=Dl*(U5*(MFAB(M.N)—O.StMFCA(M-N))#(0.5*05—06)-NCAP(M-ND—(D
lthAx(M.N)DO(XG(N.N)*YG(N.N)#YG(M.N))‘(MFBA(M'N)—O.StMFCB(M.N)fl-S
2ANCHP (MsN)-MEY(MN)))
CES(M.N)znlt(cct(MFaA(u.N)-o.EtMFcu(M.N))0(o.5tue-05)tMCBP(M.h)o(D
15:~8V(M.N))+(XG(M.N)tXG(M.N)tVG(N.N))t(MFAB(M.N)—O.S#MFCA(M.N)01.5
CENCAE(NMGNISNAX(N ¢N)))
IF(JGINMeNI eFGCed) GC TC 130
CASIMeN)I=CASI{MIN)I$CAL(NN)
CES{MINI=ZCUSINM oM ) +CHOE LM N )
GC 1C 130
176 CAZ(M(N)=NARR (M)




307

S20
32

560

921

502
503

504

3195
J1a

CESIMJNI=NUARP(M(N)
GC ¥C 130

CAS(MN)=MABP(N,N)
CB5(M0N3=(YG(FQN)/XG(M-N))‘(MAUP(N-N)ONCAP(W.N)—”AX(N.N))ONBV(NcN)
1-NCBP (M,N)

GC 7C 130
CAS(M'N)=(XG(M-N,/VG(NoN))‘(NCBP(”-N)0”8‘9(“-N)-NEV(“.N))-NCAP(M'N
1)=MAX(MN)

CES(MN)=NRAP(M,N)

GO YO 130

CAS(MNI=MABP (M N)

CBS(MeN)=MUAP(M,N)

CONTINUE

CONT INUE

CONTINUE

CCMPLTE APPRUXIMATE AXIAL LOADS IA COLUMNS
IFUINC6.EQ.2) GC TO 919

WRITE(€E.1299)

IFINL.GT,0) GC TC 307

IFCIL «GTel) GO TC SO0

DC 312 M=) MM

PIMNA)SHRPUILISECES (M)

IF(INC6.EQ.2) GG TO 920
WEITE(6e1301)INMPIMNN)RP(IL)
SLMVINM)=P{M,NN)

CCNTINUE

GQ TO s03

DC S02 M=l MM

PUMNN)=RP( IL)*FDES(M)

IFUINC6.EQe2) CC TO 921
WRITE(EGs1301INMPI(MeNN) JRELIL)
p‘”oNN)g(Rp‘lL)-ﬁp(lLl))‘PDES(M)
SLMV(M)I=P (M NN)

CCNTYINLE

IF(112.EQel) GC TO 504

IFUINDGE.1) GO TO 701

IF(IREV.GEL1) GC TO 701

DG 314 N=2,NN
VlNCR(ltN)=VUA(luN)'V"L(loh)fVJ'(l'N)-VJTL(loN)
V'NCR(N".N)=VUB(ﬂ“"oN)—VWBL(MM“.N,OVJT(MN.N.-VJT[(NN'N’
IF(MPML,EC.2) GC TC 314

DC 315 Mz2 .MMM
VlNCR(N.N)=VhA(M.N)—VUAL("oN)#V'B(M-I'N)‘VUBL(N-IoN)*VJ'(NQN,-VJtL
1 (M¢N)

CONTINLE

COCNTINUE

J=1

N=NN-J

IF(NeEC.0) GU TC 220

DC 317 M=) MM

SUMVINM)I=SUMV(NM)eVINCR({MN®1)

PAPP (M oN)=P(M,N)#SUMV (M)

CONTINLE

J=Je]

GC TO 216

CCNTINLE

CC 223 N=2.NN
CC 322 M=1,wpp

A-37
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33
701

I Xdd
710

711

7.0
7:1
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VBAL(VMsN)=VWA (NeN)

VWBL (MsN)=VWB (M)

CONTEINLE

DC 628 M=] MM

VITLANNI=VIT (MeN)

CCATINLE

CONTINUE

CCNTINUE

RFTURN

END

SUBRCUTINE sSTag

CUMMUN/Z/AREAL/Z AC(9404)+IXG(904)42XG(9004)eFYG(92048)+EG(9:04),
DLDES(9404)sLLDES(9408)4LG(F9+04)eW(S5+08)sVUEAIIL04),VUB(9,04),
NFAB(9404) s MFPA(9,08) s MFCA(G004) sMFCB(I404)MAX(F+04)eMBY(S404),
VWAL (9+04) ¢ VRBL (904)+sCAL1(Fe08)+sCA2(9¢08)4CA3(9204)CAS5(F,08),
CAG6(S¢04):CBL1(Ye¢08)+,CB2(9+08)9CBI199048)CBS(9404)+CBE6(9,048),
NEBAP(9+04) s MAPF (9404 )+MCAP(Y404)+MCBP(I408)eXG(9,08)¢YG(9,04),
VA{S+04) ¢ VB9 +04) e MA(S¢08) s MB(9+04) sRABP(9+04) +REAP(9,04),
RCAP(9404) ¢y DELC (9404 ) RBAPL(F9404)+RCAPL(9+04) +RABPL(9,04)
CCNMNCA/AREA2/ AC(9404),IXC(9e04)¢2XC(S+04) ¢RXC(G404),WC(F,008),
FYC(G408)sEC(G404)+CC(9604)+SS5(Ge04)+CCX(F:08)¢SS5X(9:04),
CCY(S+404)eSSY(99048)sCL1I{T404)eCL2(9+04)+CLI(F9404),CLE(F,04),
CUL(G404) 4+CUR(S +04) sCUI(9+04)¢CUS(9¢04)+M4C(9404)sMC(9,04),
MULP(94048) s MLUF{9¢048),MDLP(F404)+MDUP(9+04) eXC(9404),YC(9:04),
AWP(9408)sVL(9908) sVU(S+04)sML(9+08)sMU{IF:04)¢eRLUPI(D,04)
RULP{(9+404) +RDLFP (9904 ) DELD(F9404)+L(9)+H(04)+K(9),SUM(9),8(100)

COMMUN/AREA3/7 AB(S+0442)sRXBUT+0442) +FYB(F+0402)+EB(9+04,2),
LB(9404,2)+CUI(T408¢2)+C02(9¢0442)+CD3(F¢04+2)9CDA(9,08,2),
CC2(G+08)sPCR(D40402)¢FBID904:2) sFBPIF+044¢2)sFBX(9+,04+2)e¢X(100),
FDES(04)+VDES(9+404)PDES(9)+F (04)4P(9+04) +PAPP(9,04)VINCR(9,04),
RF(3C0)+RLLIU3OO0) +RPI3COI+A(100+45)eVI4544S5)DETIRINLLJRINFJRINP,
SWAY(04)sROT(FGe04)+DEL(G+048)4CD5(5+08,2)+C7(9:04)+CB(9+048) RINV,
RV(3C0)eVIT(9404)sVITL(9+04):C9(9+04)4C10(9,04)

CCMMCN/AREAAG/ JC(S¢04)0JGLI904)+JE(9490442) ¢ INDOESMMGNN MMM NNNy IL o

1 NAGNCWNCYCo INCIJLLL oNLsIND2(O D)o IELAST NLAST L TAREASINDSIREV,IREV2,

Z ISTARPWTL0+s 11161124 JGL(9404)eJCL(F9:048)4UBLIF+04,2)1134114,115
KEAL NMAWMOIML JNU L s IXCoIXGsLLDES+LGsLBsMFBAMFABsMFCAMFCReMAX,
INEY yMEAP s MAEP o MCAP ¢ MCEPRP s MULP s MLUF ¢MDLP 3 MDUP ¢ K s MC s MD

REAL®YE COLUMN BFACE+CIHUEL s ICENT 19 IDENT2,IDENY 3, ICENT4, IDENTS

o veWN - NP WN -

TP W -

CALCULATE PLASTIC MOMENT CAPACITY OF COLUMNS

CL J4S N=14NNN
DC 344 Nz] MM

IF(ACINM NI eEGCe0eUeCHoaFYC(NsN)eECL0e0) GO TC 344
DI=PAPP (MaN) /{AC(MeN)XFYC(MN))
IF{ClelEaDW15) CC TC 710
D2=1e1E%¥(1e0~-D1)

IFICleLEL1.00) CL YO 711

WRITE(€E+4222) TlaMyN
FCRMAT(IHO *P/PYS® F104% 4" COLUMN® ,215)
GL TG 711

£2=1.C

IF(MULP(MeN) oL TaCe0) GL YU 720

NMULLF(WM N)=XME (M, N)SC2

GC 1C 721

MUL P (W olN)T—AME (M oN) XL 2
IF(MLUF(MyN) oL T.Ca0) CL 1L 730 ;
MLLFUMN)=XME(NMN) L
ceoTe 721 i

= |



[a Mool

730
721

740
741

750
€1
344
345

351

352

365

357

MLUP (N ¢N)==~XMF (MoN)8D2
IF(MDLP(MeN) oL Te0e0) GC TC 740
MOLP (M JNI=XMP (MoN) D2

GC VO 741

MOLP (b oN)==XMP (N N)#D2
IF(MDUP(MsN)} sLT+0.0) GC TO 750
MOUP (WM ¢N)=XMP (M (N )%D2

GC TO 751
MOCUP(MoNI==XMF (¥ N) D2
CCNTINLE

CCNTINUE

CCNTINUE

CALCULATE ™C"™ £ “S* FACTORS

DC 330 N=1eNANAM
00 329 M=]1.MM

lF(EC(”.N.oEQo0.0.0R.]XC(“.N);EQ.0.0, GO TO 410

IF(JC(MeN).EQe8) GU TC 327
IF(JC{(M«N)«eGE«6) GO TO 227
IF(PARPP(MyN)LEL0.0) GC TO 328
IF(ISTAB.EQ.1) GC TO 328

D1=(SORT(PAPP (MeN)I/(ECIMN)I®IXCIMeN) D)) ) &HIN)

IF(D1.LT.0.5000) GO ¥OQ 351
IF(D1¢LTe1e0000.AND.D1+GE0.5000)
IF(D1eLTe1e50004ANDoD1<GE«1.0000)
IF(D1eLTe2+00004ANDsD1+GF21.5000)
IF(D) oL Te2.50C0sANDeD1eGE<2.0000)
IF(D14LTe3.0000¢ANDeD1.GE.2.5000)
IF(D1 L Te3.50004AND D1 eGE«3.0000)
IF{D1eLT24.0000.ANDeD14GE+3.5000)
IF(D14LTe4.5000AND<D1+.GE<4.0000)
WRITE(6+2010)M,N
IF(D1elTe5.00C0eAND 401 4GE<445000)
IF(D14LT45.50004AND<D1 «GE <5.0000)
IF(D1eLTe6.00000AND D1 cGE-5.5000)
1F (D14l Te6e27504AND4D1+GE«6.0000)
WRITE(642011)M,N

GC 10 329
CC(MeN)=4,0000-0.0668%01
SS(MeN)=2.000040,0168%D1

GC TO 329
CC(MN)=3.9666-0+2034%(D1-C<5000)
SS(MeM)=2.008440,0520%(D1-0.5000)
GC YC 329
CC(MeNI=3,8649-0,3484¢(D1~1.0000)
SS(MeN)=2,034440.0524%(D1—1.2000)
GC Y0 329
CC(MeN)I=3.6907-0,5092%(D1-1.5000)
SS(MeN)I=2,080640.1426%(D1-1.5000)
GC TO 329
CCUMIN)=3,43€1-0.65€6%(D1-2,0000)
SS(MeN)I=2.151940421068(D1-2.0000)
GC 10 329
CCUMuN)=3.087E—0,9272%(D1-2.5000)
SSIMeN)I=2,257240.30086%(C1-2.5000)
GC 1C 329
CCUMeN)=2,0242-1.23188(D1-3,2000)
SE(MsN)=2.411540.4638%(D1-3,0000)
GC 10 229

GO
GO
GO
GO
GO
GO
GO
GO

GO
GO
GO
GO

TC
T0
70
T0
70
T0
TO
10

TC
10
¥C
TO

382
353
354
35S
356
as7
ase
389

160
t61
162
163
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388 CC(M4N)x2,0083~1,6704¢(Di-3.5000)
SS{MeM)=2,642440,7226%(D1—3,5000)
GO 10 329

359  CC(MeN) =1.1731-2,3€44%(D1-4,0000)
SS{MeN)=3,003741,2206%(D1-4,0000)
GC 7O 329

1¢0 CCIMGA) ==0,0191=-3,7890%(L1-4.5000)
SS(MeN) =3,614042.3432%(D1—4,5000)
GL T0O 329

161 CCUM4N) =-1.9136-7.5076¢(D1-5.0000)
SE(MN) =4.785645.7146%(D1~5.0000)
GC 710 329

1€2 CCUM4N) =—5,6674-29,938%(01-5,5000)
SS(MsN) =7.6429427.620%(D1-5.5000)
GC 10 329

163 CC(NeN) =—20.636-2827.6%(C1-6+0000)
SS(MeN) =21e45342824.8%(D1-6+0000)
GC T0 329

328 CC(MeN)=4,0
SS(MeN)=2,0
GC TO 329

327 IF(PAPP(M:N) LE.0.0) GC TOQ 331
IF(ISTAB.EQel) GC TO 331
D1=(SCRT(PAPP(M NI/ (EC(F,NISIXCIMeN))DIIEXC(MN)
IF(D1..7.0.5000) GO TO 3€1
IF(D1eLTe120000.AND«D1.GE«0+5000) GO TO 362
IF(D1eLTe1:5000.AND<D1.GE+1,0000) GO TC 363
IF(D1eLTe2+,0000.ANDeD14GE+1:5000) GO TO 364
IFC01eLTe2.5000oAND01+GE«2.0000) GO TO 365
IF(D1LT43.0000.AND4D1+GE«2.5000) GO TG 366
IF(D1eLTe3.5000eANDeD1+GE+3.0000) GO VO 4S7
IF(D1+eLTe4.0000.AND <Dl +GE +3+5000) GO TO 458
IF(D1eLTe8:.50C0.AND D1 .GEL4,0000) GO YO 459
WRITE(6+2010)MN
IF(01el.Te50000eANDe01+GE«4+5000) GO TG 170
IF(D1eL.Te5.5000eAND<D1.GE+5.0000) GO TO 171
IF(D1elLTe65e00000AND D1 +GELS5e5000) GO TO 172
IF(D1elL.Te6e627S0eANDeD14GEL60000) GO TO 173
WRITE(6+2011)M,N
GC YO0 369

3e1 CCX{(PeN)=4,0000-C.0668%D1
SEX(MIN)=2,000040.0168%D1
GC YO 369

362 CCXIMeN)=3,966€6~042034%(D1-045000)
SSX(MeN)}=2,00€440,0520%(D1-0,5000)
GC YO 369

Je3 CCRX(MeN)=3,8649-C+3484%(D1~1.,0000)
SSX(MeN)=2,034440.0924%(D1-1,0000)
GC TO 2369

3es CCX(MyN)=3.6907-0.5092%(D1~-1.5000)
SEX(MNI=2,080€4Co142€¢%(D1—-1,5000)
GC 70 369

3¢5 CCUIMeN)=3,4361-0.65L6%(01~2,0000)
SSX{MeN)I=2.15194C+2106%(D1-2.0000)
GG 10 369

3eo CCX(MeN)I=3,0878-Ce9272%(D1-2,5000)
SSXEMiN)=2.25724C308€*2(D1-2.5000)
GC YC 269

as? COXIMIN)=2.06242-1.2318%(D1~3,0000)
SSEX(MeN)I=2.411580,4€30%(L1~3JL0000)




454

170

171

172

173

3€9

371

372

373

374

5657

GL 1C 269
CCX(MeN)=2,0082-1.67C4%(D1—-345000)
SSA(MeN)=2,642840.7226%(D1-3.5000)
GC T0 269
CCX(MyNDI=161731—-2.38443%(D]1-4,0000)
SSX(MeN)=3.003741.2206%({D1-4.0000)
GC T0 369
CCX(MNI==0.0191-3,7890%#(C1-4.5000)
SSX(MeN)=3,614042.3432%(D1-4,5000)
GO ¥O0 369

CCX(MeN) =—1e913€-7.5076%(D1-5,0000)
SSX(MeN)=4,78S€+£,7146%(D1-5.0000)
GO YO 269
CCX(MeN)=—5,6674-29.938%(C1-5.5000)
SSX(MeN)=7e6426427.€20%(D1-5.5000)
GC 10 369
CCXIMeN)I==20+.036—-2827+6%(L1-6,0000)
SSX{MeN)=21,45342824,8%(D1-6.0000)
CCNTINUE

DI=(SCRT(PAPPIMIN)/(ECINNI®IXC(MsN)I))IIRYC(MeN)

IF(D1.LYe0.5000) GO TO 371
IF(D1elTe1e0000.ANDeD1CGEL0.5000) GO
IF(D1eLTo1e65000.ANDeD1+GEC1.0000) GO
IF(D1eLT22¢0000ANDD1GEL145000) GO
IF(D1eLTe2.5000eANDeD1 «GE«2.0000) GO
IF(D1eLTe3e00CO0ANDD1+GEL2.5000) GO
IF(D1eLTe3¢5000.AND D1 <CEC3.0000) GO
IF(D) eLTe440000+4ANDD1GE3.5000) GO
IF(D1+LTe4.50C0ANDD14GEL440000) GO
WRITE(642010)MeN
IF(D1eLTe5400C06AND 01 eGE«4.5000) GO
IF(D1 eLTe545000ANDeD1.GE +540000) GO
IF(D1¢LT4600000.AND D1 +GE«5.5000) GO
IF(D 1L Te6e27SCeANDeD14GEL64,0000) GO
WRITE(6.2041)M,N

GC - TC 329

CCY{M4N)=4,0000-C.0668%D1
SSY(MsN)=2,000040.0168%D1

GC 10O 329
CCY{(MeN)I=3,966€-0.2034%(D1-0+5000)
SEY(MIN)=2,00E4+0.0520%{D1-0.5000)
GC 10 329
CCY(MeN)=3,8649-0.36484%(D1-1.,0000)
SEY(MIN)=2,034440.,0924%(D1-1,0000)
GC TO 229
CCY(MN)=3.65CT7T-0e5C92%(D1-1.50C0)
SEY(MeN)=2,080640.1426%(D1-1.5000)
GC T7C 229
CCY(MoN)=3,43€1-0.€65669(D1~-2.0000)
SEY(MINI=2,15194042106%(01-2.0000)
GC 10 32y
CCY(MIN)=3,0878-Ce92728(0D1-2.5000)
SEY(MeN)=2.257240.3086%(D1-2,5000)
GO 10 229
CCYIMIN)I=2.02642-14231E8(01-3.,00C0)
SSY(MeN)=2.4115404,406308%(L1-3.0000)
GL TO 229
CCY(MeND=2,0083-1.67049(01-3.5000)
SSYIMIN)=2,0820400,7226%(0D1-3.5000)
GC 1O 32y

70
T0
70
T0
TC
10
TC
TC

T0
T0
TQ
TC

372
373
374
37¢
376
587
558
559

180
181
182
183

A-41
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CCY(MNDI=141731-2.3844%(D1-4,0000)

SSY(M¢N)=3.0037¢1.2206%({D1—-4,0000)

GC Y0 329

180 CCY(MeN)=~0,0191~-3,78908(D1-4.5000)
SSY({MIN)=3.614042.34329(D1-4,5000)
GG TO 329

181 CCY{M¢N) =—1,912€~7.5076%(D1~-5,0000)
SSY(M(N)=4,785645.7146%(D1-5.,0000)
GC 70 329

182 CCY(MeN)==5.6€74~-29.93E%(D1-5.5000)
SSY(MN)=7.6429427.620%(D1-5.5000)
GC TO 329

183 CCY(MINIZ=20.636-2827+62(D1~64+0000)
SSY(MyN)T21,45342824,8%(D1-6.0000)
GC 70 329

33 CCX(MsN)=4,0
SSAX(MeN)=2,0
SEY(MeN)=2.0
CCY(MNI)=4,.0
GC T0 329

410 CC(M¢NI=040
SS(MeN)=0,0

329 CONTIMUE

330 CONTINUE

4]
3
<

2010 FCRMAT(1HO»IONNEGATIVE STYIFFNESS COLUMN s 13¢1Heo13)

2031) FORMAT(1HO+30HINFINITE STIFFNESS COLUMN, 134 1He o 13)

C

C EVALUATE CUEFFICIENTS UF SLOPE-DEFLECTION EQUATIONS WHICH ARE DEPENDENT
C CN AXTAL LOAD

C

DC 149 M=]1.MM
DC 18C N=1.NMN
IF(JC(MsN) +EQel) GO TO 140
IF{JC(MsN)+EQCe2) GO TO 141
IF(JC(MeN) «EQ.3) GO TO 142
IF(JC(MIN) EQes) GO TO 1423
IF(JC{MsNDEQaS) GO TO 144
IF{JC(NMsN)EQe6) GC TC 145
IF(JC(M4N)EQe?7) GG TO 146
IF(JC(MeN) «EQeB) GO TGO 147
140 DI=EC(MNIZ®IXC{VN)/H(N)
D2=01/H(N)
CLI(MsN)I=CC(MN)#*D}
CL2(MyN)I=SS(MsN)2*D1
CL3(MNI=(CCI(MN)ISSIM,N))I*D2
CLS5{(MyNI=0.0
CUL(MN)=CL2(MN)
CU2(MeNI=CLI(MN)
CLI(MeN)I=CLI(NN)
CUS(M¢N)I=0.0
GC TU 150
141 DI1=EC(MN)SIXC(MNI/HIN)
D2=D1/+(N)
DIZ(CCIMINIECCIVMJNI=SS(MN)ISSSIMsN)II/CCIMeN)
CLI(M¢N)=0.0
CL2(MeN)=0.0
CLI(MN)=0.0
CLS{MNI=NMLUP(MN)
CLLI(MN)=060
CL2(MN)=DI3*D]
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CLI(MN)=DJ*CC .
CUS(MeN)S(SSIN e N)/CCUMINIIBNMLUF (MeN)
6GC 10 150
142 DIZECI(MeN)SIXC(MeN)I/H(N)
D2=DA/H(N)
D3I=(CCIMeN)ISCCIMeNI-SSINMIN)IESS(MN))/CCI(MN)
CLI(MN)=D3I*D1
CL2(MeN)=0,0
CLI(MN)=DI*DZ
CLSUMIN)IS(SSIMNDI/CC(MN)IEMULP(M(N)
CLI(M¢N)=0,0
CU2(M¢N)=0.0
CU3(MN)=0,0
CUS(MN)=MULP(MN)
GC 10 150
143 DISEC(MNITIXCI(MIN)ZXCIMGN)
D2=D1/XC(M,N)
DI=ECI{MINIXIXC(MNI/YCU(MN)
DA=D3/7YC(MoN)
DES(CCXIMIN)SCCX (MyN)-SSX(MeN)BSSX(MeN) ) /CCX(MeN)
D6=(CCY(MN)SCCY(MaN)-SSY (M N)XSSY(MeN))I/CCY{MyN)
D7=DE*D2
0g=Do6*Ca
B1=08/7((DA-FAFPP(VMsN)IEXCININ)+(D7-PAPP(MyN)} ) *YC(MyN))
B82=07/C((08—PAPP (NN} )I*XC(NsNI+(DT—PAPP(M N))IXYC(MN))
B3=1e0-BlEXC(MN)
BA= 1. 0—B2%YC(M.N)
CLI(M¢N)=BA%DS#D1
CL2(MN)=B2*XC(MsN)*D62D3
CL3I(MIN)=B2EXC(MN)*(DB~PAPP(M¢N)})
CLS(MeN)=BE*(SSX(MyN)/CCX(MeNDIIEMDLP(MeN)I+B22XC{MeN)IE(SSY{MN)/CCY
LIMeN) IENDUP (M N)#B2EXC (N A)EMDUP (MyN)—E22YC(MoN)IEMDLP (M,N)
CLLE(MeN)=BLI3YC (M N)SDS*D)
CL2(M¢N)=B3%DE*D3
CUIIMNI=BLIEYC(M N)E(D7-PAPP(M,N))
CUSIMNI=B3%(SSY(MsNI/CCY{MeN) IENDUP(M NI+BLAYC(MN)S®I{SSX{M,N)/CCX
LAMGNI JEMDLP(MoN)-BIEXCINMeN)IEMDUP (M N )+B13YC( M N)XMDLPI{M,N)
MDEMoNI=MDLP (M N)
GC 70O 150
144 CLI(MN)=0,0
CL2(MN)=0,0
CL3(M«N)=0,0
CLS(MeN)=MLUP(NMGN)
CUL(MN)=0,0
CU2(MeN)I=0,0
CU3(MeN)=0,0
CUS(MeN)I=MULP (M N)
GC YO 150
145 DIS((CCY(MN)ECCY (MeNI=SSY(NM NIESSY(MeN))/CCYIMN))IRECIM NISIXC (M,
IN)/YCU(MN)
D2ZPAPP (M N)&(1.C+YC(MN)/XC(MsN))
D3=D1/VYC(M,N)
BS=D2/(D2-D3)
86=1.,0-85
CLI(MeN)=0.0
CL2(MN)=0,0
CLItMN)=0,0
CLS(MN)=MLUP (M N)
CULIMN)=0,0
CL2(M N)=RS5eC )



5
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CLI(MNI=—BOERF (M NISYC (NN} /XCUAMN)
CUS(MeNIZBOES ((YC(M¢NI/XC{MsNIIS(MOLPIM NI +MLUPI(M,N) )-MDUP(M,N) ) +8S i
1% (SSY(MoN)/CCYIM(N) )EMDUP(MyN)
MO(MeN)=MDLP (W oN) !
GC T0O 150
146 DIZ((CCXIM N)SCCXIMNI=SSXIMeNIESSX(MeN) JI/CCX(MN)IZECIM NIRIXC(M,
INJ/XCA{MeN)
D2=C1/XC(MeN)
D3=PAPP(MN)*(1.0¢XCIMeNI/YC(MsN))
87=C3/(D3-02)
Ba=1.0-87 '
CLI(MN)=B7%D1}
CL2(MN)=0e60
CLIIM o N)==BBE(XC(MsN)/YC(MsN)ISPAPP (MoN)
CLSIMN)I=B8*((XCIMsN)/YCINsN)IE{NULP(MN)+NDUP(MeN) )=-MDLP(M,N) ) +8B7
1*(SSX(M¢NI/CCX{MsN)ISMDLP(M.N)
CLI{MIN)I=0.0
CU2(M¢N)=0.0
CUI(MyN)=0.,0
MD(MoN)=MDLF (MsN) ?
GC YO 150
147 CL1I(MN)=0.0
CL2(M¢NDI=0.0
CL3(MN)=0.0
CLS(MsN)=NMLUP({MeN)
CLI(M{N)=0,0
CLZ2(MeN)=0,0
CU3(MsN)=0,0
CUS(NMNI=MULP(M,HN)
MC(MyN)=MDLP(M,.N)
150 CCONTINUE
149 CUONTINUE
RETURNM
END
SLBROLTINE EE1
COMMON/AREAL/ AG(9404)4IXG(9+04)e2ZXG(S:04)+FYG(9¢04) +EG(I+04),
DLDES(9+04) ¢LLOES(9+04):LG(9504):W(9+04)sVWA(D404)¢VWB(9,048),
MFAB(94+04) sMFBA(9:04) sMFCA(T904) sMFCB(9,04) ¢MAX(9404)oMBY(G:04),
VBAL {9504) s VWBL (9404 )+CAL1(9404)4sCA2(9+04) +sCA3(9+04) CAS(9+04),
CAG(G+08)4CBL(9404)+CB2(9+04)4CEI(9:04),CBS5(9+04)+CB6(I,04),
MBAP(9204) sMABP(9404) ¢MCAP(9504) ¢ MCBP(9904) oXG(9+04)sYG(F,048),
VA(9+04)¢VB(9¢04)sMA{T:04)sMB(S+04)RABP(9+04) sRBAP(S9.04),
RCAP(9204) +DELC(9+04)+RBAPL(9:04)¢RCAPL (9404) 4RABPL(9,04)
CONMCN/ZAREA2/ AC(9404)5IXC(9¢08)42XC(9+04) sRXC(9004) ¢WC(9204),
FYC(S+04)+EC(9408)+CC(9:048)455(F+04)¢CCX(9408)95S5X(F,08), —
CCY(S408)¢SSY(9,08)+CL1(904)eCL2(9408)4+CL3I(9408)+CLE5(D+04),
CUL(S+08)+sCU2(99048)+CU3(9+048):CUS(9¢08) sMD(F:04),NC(F+04),
FULF(S+04) s MLLP(9404) «MDLP(9404) s MDUP(9404) +XC(S+04)oYC(9+08),
XMP(Ge08) e VLUD¢04)2VUIG+048) eMLIG404) eMU(D,04) yRLUP(D,04) o
RULP(9404) sRELF (9904 )sDELDIF+04)¢L (D) H(0A) K{F)oSUMV(S)B(100)
COMMUNA/AREA3/ AB(9+0442) +RXP(94:04642).FYDB(9:0422)EB(9404+2),
1 LE(9+04+2)+COL(S+0442)4CD2(9408¢2)¢CD3(9:0442)+CDA(G2084+2), !
e CC2(9'04..PCﬁ(9.0‘-2)0F8(9-0402)'FBP(9-0‘02)9FBX(9.0"2’ox(loo)o ;
3 FDES(OA)-VDES(Q.OQ).PDES(Q).F(04).P(9.04).PAPP(Q.OA).VINCR(O-OO)o ;
4
B

S

-

NI WN -

o A

FF(JCOD.RLL(300)-RP(300).A(lOO.QS)oV(AS.QSi.DET.RINLLoRlNF.RINP-
SlAV(O‘)-PU'(QOOQ’.DEL(QOO"DCD5‘9'0‘.2’¢C?(QOOQ)OCG(qco.,o“lNV.
O RV(JCO).VJT(Q.OQ)oVJTL(9c04).C9(9.0¢)-C10(q.04)
CUMMIN/ZAREAS/ JC(F+08)4JIGI9¢04)9JB(9:0042) s EINDEMMoNN MMMoNAN, IL o
1 Rﬂ'NE.NCVCQINDJ'LLLtholNDZ(g)olELAS'.NLASf'IAPEA||NDQIREVO!REV2'
4 IS'AE-I!O-IIlcll?oJGL(goCQ,-JCL(Q.O‘).JBL(d;OQ-Z)-‘130ll.olls



A.-45

RF AL ”A.MB.NL.UUoLolXC'lXGoLLDESvLGoLB.NFBAoMFAE.NFCA.NFCP.MAX-
IVEY s MEAP ¢ MABP ¢ MCAR ¢ MCEP s MUL P s MLUP ¢ MOLP ¢ MDUP ¢ K s MC 4 MD
REAL®E COLUMM,BRACEGIRLFH . IDENT L4 IDENT2,I0ENT34IDENTS, IDENTS

C
C FOCRMULATE EQUILIPKILM EGLATICNS
C
IFCINC6.E£Q.2) GO TC 304
WRITE(64,3001)
3ool FORMAT (1HO+ *CCLUMN/JOINT CUOLUMN AXIAL LOAD APPLIFD JOINT L

10A0 LOAD FACTCR®)
CC 303 M=) MM
DC 302 N=14NN
WRITEC(6¢3000) MohoPAPP(MIN) s VUTININ) 4RV (IL)
3000 FCRMATUCUIH oI5 ¢18¢10XeEL1e4e12XsF10e5e10XsF10.5)
3C2 CONTIANLE
303 CUNTINLE
304 JI=2%dM4)
JJ=3%MNe]
JK=JJ+1
NASANNE ST +MM
Ne=2%y1
DC 30€ J=1,.NB
BC 30& 1=1.NA
All+J)=0.0
305 CCNYINUE
306 CCONTYINUE

MCMENT EQUATICANS

[aNaNa!l

OC 110 Mzl 4MM
AlMs 1 )=—CLI(M,]1)-K(M)
Al(M MM$2-M)=CLI(N,1)
A(MoMMENE]L)==CL2(M,.1)
BIM)=CLS(M,1)
110 CONTINUE
IF(NNEGe2) GC TC 131
DC 130 N=2,NNN
IF(MM.ECe2) GC TC 121
DC 120 M=2,MMM
I=SN$J I-JUK+22M
EE=0eE2MCIMINI/LGC(MN)
CZ=0S*NC(MN)I/ZLG(M=14N)
AA=1,.,0¢B8
NDD=1.0¢C2Z
AlTo1)=—(AAKCAL(N NI +EBSCEL(MeN) +CZ¥CA2(M—1,N)+DDRCB2(M=1 oN)
1 #CLLI(MeNDSCUZ (M N~-1))
A(l02)=—(AA#CAJ(U.N)fEEtCEJ(M.N)-CZ*CAJ(M-l'N)-DD‘CBS(N—I'N))
AlTo3)=—CAATXCA2(MN)+EBSCB2(MN)) '
A(1+4)=AASCAZ(MNIHEES*CEI(M,N)
ACL 928 (MM=M)+3)=CL3I(M,N)
AlLe2%MME2)=—CL2(M,N)
BUL)=AASCAS(MIN)4EDBICES (M NI +CZECAS(M—1,N)+DODRCBE(M=1N)
1 SCLOIMINI4CUSIMoN—1)40S*UC(MoN) S (VUB(M—1 ,NI—VWA(M.N))
120 CCOCNTINLE
121 I=sN$JYI-JKe2
EB=0eS2WC(1sNI/LGI1N)
AAz=] ,0+EB
AlLol)==AARCAL (1 oN)—EE*CBLI1oN)=CLLE(1 ¢NI=CU2(1eN=1)
ACL+3)=—-AASCAZ(]1,N)-HBB*CB2(1«N)
ACTeQ)=AASCA3(1.N)HEB*CEI(1,N)



[a]

130
131

140
141

A-46

Al1e2)=~Al1s4)

A(L+29MMe1)=CLICLN)

AlT y28MMe2)==CL2(1oN)
BUI)=AARCAS(1eN)+BBRCBS{1eN)+CLS(LsNICUS(1sN-1)
1 =0.58WC{1+N)2VWA(LI.N) _
I=NSJI=JK+2¢MN

C2=04E*WC (MM N)/LG(MMN,N)

COx=104CZ
A(Lo1)=~CZECA2(MM—]1eN)-DDECB2(MM—1+NI=CLLIIMMNI=CU2(MM¢N~1)

AC(1+2)=CZ¥CAI(MM=1,N)+DO*CBI(MM—14N)

AlI+3)=CLI(NM,N)

ACLo29MM+2)=-CL2{MMN)

BCI)=CZECAS(NN—1 ¢N)4DDSCBE(MM—L1 N} +CLS(MMsN) +CUS(MMN=-1)

1 ¢0.5S*WC(MMN)SVNB(NM—14sN)

CCNTINUE

IF(MM.EQs2) GG TO 14]

DC 140 M=2,NMM

IZNNGJI=JK+2%M

BE=0eS*WCIMsNNI/LGIM,NN)

CZ=0eE®MCI{MINN)/LG(M—1 4NN)

AA=1.0+P8

DD=1.,04CZ

A(T o1 )=—AARCAL (MoNN)—BBSCEL (M NN)—CZSCA2(M—1+NN)I-DD*CB2(M—1,NN)
1 =CU2(MNNN)

AlT 92)=—AA®CA3 (M NN)—BB*CEI(MsNN)IHCZSCAI(MN—1NN)#DOXCBI(M=~14NN) |
A{T+3)=~AARCAZ(N «NN)—EB*CB2{MsNN)
A(1.4)=AARCAI(MNN)+BESCBI(MNN) .

Bl )=AASCAS (M NNI+BB®CES({MsNN)I#CZH*CAS(M—1,NN)+OD*CBS(M-1sNN)

1 $CUS(MsNN—1)4+0SENC(MaNNIE(VWB(N-1 s NN)-VWA(MNN)})

CCNTINVUE

I=NNSJI-JK+2

BBS0eS¢0C{1eNNI/LGTULoAN)

AA=1.0+BB

ACTL o1 )=~AARCAL(1+NN)—PESCEL (1sNN)=CU2(1+NNN)
AlI+3)=—AA%CA2{1NN)—-BB*CB2(1+NN)
ACI+4)=AASCAI(1AN)+BESCBI(1+NN)

ALl «2)=—AC(1+4)

BCL)=AARCAS{ 1 ¢NN)+OB*COS{ 1 +NNI+CUS(1sNNNI—OSEWC(L1sNN)ISVIWA(LoNN)
I=NNSJI-JK+28MM

CZ=0eS3WC(MMJAN)I/LGINVNGAN)

DC=1.04C2Z

A(L ol )==CZHCAZ(NMNMNN)I—DDICB2{MMM NN )=CU2( MN,NNN)

A(] 42)=CZ*CAI(MNMN NN)+DO*CBI (MMM ¢NN)
B(1)=CZ*¥CAS(NMMMNNICDDICBEINMMM NNIHCUS(MM NNN) $0.5%wCI{MMAN) VB (M
1MMNN)

VERTICAL FURCE ECUATIONS

IF(NN.FGe2) GG YC 171

DC 170 N=24NANN

IF(MM.EQe2) GC TC 161

DC 160 M=2 .MMM

I=NeJl-JJ 2V
A(Ls1)==(CAI(N=1NI#CBI(M—1oNII/LG(M=1sN)=(CAI(MN)¢CB3I(MN))I/LG(M
1eN)=CC2{MN)I—CC2UMN=1)—CDA(MEILsN=141)=COO(M-14N-1+2)~-CD4(MeNo1l)

2-CD4 (¥ No2)

AlL e2)==(CA2INJRIECEB2(NN)IZLGI(MN)
AlT1+3)=(CAIIMN)SCBI(MsN)DI/LGIMN)

Al o228 (MNM=M)$Z)=CUI {MeNe1)-COI(MN,2)
A(Ll s28MNMe2)=CC2(NMN)

[ —"

.

.
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A(]e28MM)=CLA(NMINLL)

ALl ¢2%NMe4)=CLA(NMN2)

PLT)==(CAS(M=1 NI #CHBS(M=1 NI )/LGINM=1oN)+(CASIMeNIECASINGN) ) /LG (M.N
1)=CDIIMEL eN=141)=COIIM=1eN=142)4CDI(MsNe1)¢CDOI(M N,2)

2 “VITIMJN) —VWAI(MN)-VUB(N=1,N)
160 CCNTINUE
1€1 I=NeJl-JJie2

Al ol )=~(CAJ(LeN)ECBI(1eN))I/LGLET eN)=CC2(1eN)=CC2(1sN~1)
1-COQ(2eN~-1+1)-CLALLeN,2)

BlLo2)=—(CA2(1eNIHCB2(1sN))/LGI(14N)
AlT+3)=(CA3(1N)I+CBIA{(LsNII/LG(1sN)

Al]l ¢28MM)=—CL1{1eNov2E)

ACL +20MNE2)=CC2(14N)

All ¢20MME4)=CDA(1eNs2)

BUI)=C(CAS(E NI FCEBS(IeNDIDI/LG(LoNDI~CDI(2eN=-1+1)4CDI(1eNe2)

1 ~VJT{1eN) ~VWA(]l o+N)

I=NSJI-JJ+2%MN
AlTe1)=—(CAZ(NMMMIN) $CBI(MMMIN) I/LGIMMM N)I—CC2(MMN)-CC2({MMsN-1)
1-CDAO (MMM eN—1¢2 )=CDA(MN¢N,1)

A(Ll+2)=CDI1(MMNet)

Al o23NME2)=CC2(NNMN)

ALl ¢ 29MM)=CDG(MM,N,1)

BUI)=—(CAS(MNNF N ) +CBS{MMMoN) ) /LG(MMMoN)=CDI (MMM yN=1¢2)+CD3( MM No 1)
3 “~VJIT(MM,N) —VWB(MMM,N)

170 CCONTINLE
171 IF(MM.EQe2) GC TC 181

DC 180 M=2,vMM

I=NNSJI-JJ¢2%M

Al +1)==(CA3INM-1sAN)HCBI(N~-14NN)DI/LG{M=1eNN)—(CAI(M NN)+CBI(MyNN))
1/LG{MeNN)—CC2(MANN)=CDE(M+]1 +NNNy1)—CD4IM—1,NNNs2)

AlL+2)==(CA2(MNN)+CB2CMNN) }/LG(M¢NN)

AlT e3)=(CAI(MANNIHCBI(NINN) I/LGIMINN)

B1)==(CAS(M~1 ¢NNISCBS(M=1,NN))/ZLG(M=1NN)+{CAS(M,NN)ECRBS({M,NN))/L
IGIMINN)I=CD3I(M4S s NNNo1 )-CDI(M—-1 NNNe2) —VJT{MsNN) ~VWA(MNN)
2=VWBIN=1NN)=RP(IL)ISPDES(N)

180 CONT INUE
181 I=SNN® JI-JJ+2

AT ol)==C(CA3(1+AN)SCBI(1eNN)I/ZLGLLIsNNDI~CC2(1NNN)-CDA(2,NNN,1)

Al e2)==(CA2(1+NNDI+CB2(1+NN))I/LG(14NN)

AlTe3)=(CA3(1 +NNI4CBI(14sNNDIDI/LG(14NN)

BLI)=C(CASULI «NN)+CBSCL1eNN)I/ZLG(L 4NN)—CD3I(2+sNNNel)

1 —~VWA(]1 +AN)-RP{ IL )*PDES(1) =VJIT (1NN}

I=NNSJI-JJje2¢NNV

A(l'l)=—(CA3(NNN.AN)#CBJ(NNMvNN))/LG(ﬂMMoNN)-CCZ(HN-NNN)—Cdl(MMN.

1 NNNo2)
BUIY=—(CASI(NMNNAN)+CBE(NMNNoNAN)DI/LGIMMMNN)=CDI(VMMM(NNN,2)
1 ~VJITI(MM,NN) ~VWB(MMM NN)-RP(IL)®PDES(MM)
C
c SHEAFR EGUATICAS
C

IF(NNCEC.2) GC TC 241

DC 240 N=2,NAN

=Ny l=-Jy

21=0.0

Z4=0.C

Z7=0.C

IF(112EQe~S) GO TC 5S¢4

CC 210 M=), MM

ZUS210(PAPP (M N)=CL3(MeN)=CUII(M{N)I/HIN)H{PAPP(MoN—1)~CLI(M,N=-1)
1 =CL3(MN=-L1))/F(N=1)



l‘=2‘0(CL3(M.N)OCUJ(MpN)‘pAPP(MtN),/H(N,
Z7=Z70(CL5(N.N)0CU5(M|N))/H‘N)‘(CLS(“'N“,*CUS(MIN-I)’/H‘N‘l)
210 CCNTINUE
GL TO 525
€24 OC S2¢ M=o MN
Zl=Zl—(CL3(N.N)0CUS(M'N))/H(N)-(CLJIM.N—I)OCUJ(M.N-I))lH(N)
ZA=Z¢O(CL3(3.N)0CUJ(M.N))/H(N)
Z7=Z70(CL5(”CB)0CU5(N'N))/H‘h)‘((LS(”ON“)QCUS‘MQN‘l))/H(N'l,
526 CCOCNTINLUE
525 Z2=0a0
2%=0.C
Z28=0.0
DC 211 M=) MMM
22222-CD2(MeNs2)-CD2(MsN-1,+2)
25=254C02(MsN,2)
28=28-CDS(MeNs2)4CDS(MN=1+2)
211 CCNTINUE
23=0.0
2€=040
28=040
DC 212 M=2.MM
23=23-CD2(MeNs1)=CD2(NMsN=1,1)
Z6=264CD2(MsNo 1)
29=29-CDS(MeN-L1s1 ) +CDS{MeNe 1)
212 CONTINMLUE
A(l+1)=21422422
A(]l e28MM$2)=24+42E4+26
B(L)=27+4284¢29-F(N)
DC 220 M=1 .MM
ﬁ(I'Z‘N’=(CU2(”.N—I)ch?(".N—l’,/H(N-l)?(CLI("’N’*CUI(“‘N)’/H(N)
“‘lo?‘("“’")#l)=*(CL2(“.N’0CU2(”'N))/H‘N)
£20 CONTINUE,
IF(MM.EGe2) GC TC 231
DO 230 M=2.,MMM »
‘(loZ.M*l)=CD|("'N|2'°CDI(“vNol)-CDI(H*l.N-lvl)’CDl(”-l-N-'cz,
ﬁ(l'2‘(~NON)02)=C0l(”0l'N'l)-CDI(N-IONOZ)
230 COCNTIMNUE
231 A(L1+3)=CO1(1sNs2)-CDI(2sN—141)
ALl o28MMe1)=CDLINMM¢N=1+2)-CDLI{MMeN, 1)
A(],29MMe8)=CD1(2eNo1)
A(LoA%MME2)=~CCI(MVMeN,2)
240 CCNTIMLE
24l I=NN2JI~JJ
21=040
24=0,0
IF(112.EQ4~5) GC TG 524
DC 250 M=]1,MM
Z1=Z14¢(PAPP{M ANN)=CLI(NsANNDI=CUI (MyNNN)I/HINNN)
24=24—(CLS(MANNDIHCUS{MaNNND I /HINNN) ’
250 COCNTIMNUE
GC YO €35
€24 DL H3¢ M=) MM
21=221-(CL3(MANN ) $CUI (M ¢NNN) I/HINNN)
24=24-(CLS{MANN)+CUSIMeNANI I/HINNN)
S8J30 CONTINUE
€35 22=040
2¢=0.C
CC 292 M= MMM
22=22-CC2{M¢NRNN,2)
€=2Z254CCHIMNANL2)




(s ala)

252

260

265
266

S0

(X ¥)
€1

CONTIMNUE

235060
2€6=0.0
DL 256 M=2 .MM
£3=23-CC2(MeNNNL1)
26=20—-CLCS(M¢NNN, 1)

CONTINLE
Allel)=2142Z2+¢22
B(1)=24425426—-F(NN)

DC 26C N=]1 .MM
ALT o 28M)= (CU2(MANN)H+CL2{NJNNN) I /HINNN)

CUNTINUE

IF(PMEQe2) GC TC 266
DC 265 M=2.,MMM
Al o28Me1)=CDL (M= oANN,2)-CDL(M#]1sNNNo1)

CCNTINMLE
AlIo3)=~CDL(Z2sNNN,1)

Al 2%FNM+1)=COLI(NMNMNANG?)
HRETURN

END
SLBRCLTINE SOLVE
CCMMCN/AREAL/Z AC(9404)0IXG(9004)42XG(99048) oFYG(9¢04)¢EG(9,08),

OLCES (9404 )sLLDES(9:+048)+LG(9:04)¢W{(9:404),VWA(D:04),VUWB(9,04),

MFAB(9¢04) e MFEA(9+04) ¢+ MFCA(F+04) e MFCB(3404) MAX(9,04)sMBY(9,04),

VBAL(9003)+VWBL(9+04)+CAL(9+04)+sCA2(F+04),CA3(9,048),CAS(9+04),

CAC(9¢08) oCBI(Se04)eCB2(9+04)sCBI(9,04)+CBS(9+04),CBE(9,04),

MBAP(94048) s MABF(9,04) ¢+ MCAP (9904 ) ¢ MCBP(9404) ¢XG(I99048)sYG(9,04),

VA(Se04)sVB(Ss04)sNMA(F¢04) s MB(S+04)sRABP(9:+04) +RBAF(9+04),

RCAP(9+¢04) +DELC(9404)+RBAPL(9+04)sRCAPL(9,04)+RABPL(9,04)
COMMCAN/AREA2/ AC(9+04) 2 IXC(94048)¢ZXC(9¢048) sRXC(9:¢04)WC(9+04),

FYCU(S+048)sEC(TF904)+CC(9¢048)¢SS(F204)sCCX(9:04)+SSX(G+04),

CCY(S$5908)¢5SY(9e08)+CL1(F404)sCL2(F904)+CLI(9:048),CLE(GeCAE),

CUL(S+04)+sCUR(T908)4CU3(F+04)sCUS(F¢048) ¢MD(9+048)sMC(9404),

NMULP(F408) s MLUFITFe04) s MOLP(9+04) sMDUP(9408) ¢XC(9e04),YC(Se04),

XMP (S 404) s VL(9404) sVU(S¢04)sML(9¢08)sMU{94048)RLUP(9,04),

RULP(9+04) ¢RDLP(9+04) +DELD(3+04)sL(9)sH(048) +K(FD)sSUNMV(9)B(100)
COMMCA/AREA3/ AB(S9+0442)sRXEB(940442)¢FYB(9:0442)EB(S+04,2),
LB(9¢048:2) sCD1(94048¢2)¢CD2(90442)+CD3(9+04:2)¢CDE(9+04,2),
CC2(9+048)ePCR(9+04:2)sFB(3¢04+2)sFBPITe08+2)eFBX(9¢04,2)+X(100),
FOES(04) s VDES(9404)sPDES(9)eF(04)4sP(9:048):PAPP(9:04),VINCR(9,04),
RF{(300) sRLLI300) sRP(300)sA(100+85)sVI{85:4S5)+DETRINLLRINFLRINP,
SWAY(04) s RUT(F404)¢DEL(DG908)9CDS(F¢04:2)sC7(9404)C8(9,04)+RINV,
RVI3C0)sVIT(9,404)sVITLI9408)¢C9(9204):C10(9,04)

CUMMCN/ZAREAG/ JC(9¢08)eJG(9908)+JB(9004¢2) s INDESMM NANgMMM NNNoIL »
1 NAGNEGNCYCo INCIsLLLoNL ¢ IND2(I9) s IELASTNLASTLIAREAINDJIREV.IREVZ,
2 ISTAE«L100111361124UGL(9904)4JCL(94048):JBLLF:04+2)s113114,115

REAL MAMB ML ¢ MUGL o IXCoIAGeLLDES+LGeLEB+MFBAMFADSMFCAMFCBsMAX,
IVMEY JMEAP ¢ MABP s NCAP s MCHP o MULP ¢y MLUP ¢ MDLP s MDUPR ¢ K o MC o MD

REAL#E COLUMN BRACE +GIRDFRIDENTL ¢IDENT2,I0ENT3IDENT A, IDENTS

o Wnd WA - NN DL WN -

‘”U'OUN-

ECUATICN SCLVER =~ SYMMETRKRICAL PANDEC MATRIX

IFCINEOoNESLl) CC TO 95

BRITE(G6+90)
FCRMAT(1HOL2IFEGLIL IBRIUNM ECLAYTICNS)
CC 60 1=1,NA

wWRITE(E.62) 1

ARITELG,61) (A(LeJ)eJ=1eNB)ti(1)
COCNTIMLE

FCRMAT((10(2X4F1Ce0)))



t2
55

100
101

610
6C9

.61l

612
616

614

6l7

€15
618

620

FCRMAT (1HO.13)

NAA=NA/2

NAA=28NAA

IF(NABLEQeNA) CL TG 100
RRR=—1.0

GC Tu 101

KHK=140

CCNTIMNUE

NJ=0

Kx=1

IF(NB.ECe1l) GC TC 601

Ni=NB-1

N2=NB-2

DO 600 1=1eNA

11=1-1

12=1-2

13=1-2

IF(NB.ECe2) GO TO 609

DC 610 N=14N2

V{l1eN)=A(T+N*1)

CCNTINUVE

IF(1CEN8) GO TC 620
IF(1<EQel) GO TC 648
IF(A{1+1)eEQe0+0) GO TO 616
R=A(1+1)/7A0141)

NY=NB+1~1

00 611 N=1.NY

ACT oN)=ACT ¢N)—A(LN+EL)*R
CONTINUE

8(I)=E(1)—-B(1)eR

IF({14EGe2) GC YU 64AB

DC 612 N=1,12
V(NQIQN,=V(N0}QN,-A(1-l-N)‘R
CCNTINUE

IF(1eECe2) GO TC o048

KK=1

Kx=Kx+1

IFIV(I-KKoI1-KK) ¢EQe0.0) GO TO €17
REV(I-KKsT1-KK}/A(KK+1,+1)
N2=NB-KX+KK

DO 614 N=1.NZ

ACLoNISACT JN)—A(KK*L o NELLI—KK)%*R
CCNTINUE

B(I)=E([)~B(KK+]1)*R

IF({I.ECe3) GO TC 6aB

IX=12=-KK

IF(IXeLE«O) GC TC €48
IF(V(I-KKoeI1-KK)«EQeDe0) GO TO 618
OC €615 N=1,1X
VIN®LoNI=SVINEL N )=A(KK+ ]y I-N=KK)*FR
CONTINUE

KK=KK+1

GC 10 €13

IF(ALI-N1NB)EQs0e0) GL TC 630
K=A{I=-N1sNB)/A(I-N1,1)
B(IV=E(L)-B(I-N1)*R
Al(lel)=A(141)=A(]~-N1eNB)#KR
IF{NBetCe2) GC TC €00

DC €2% NM=1eN2
VINEL¢NISVINELAN)-A(TI=-NLsNE—N) *k

A-50




€25
630

645

€50
€40
o044

€49

€bHYH

600

749

€C3

7%0
808

800

1€9
805
6Ct
602

€21
627

CONTIMLE
IFINHWEQ2) GL TC €00

DC a0 ~v=2,N]

IFIVI(NES®1-M NB=N)EG.0s0) GC TC 640
RF=VINE+1-M NA=-M)/A(I-NE+N,]1)
ECL)=E(L)-B(I~NBeN)RR

DC 64%S J=1.¥
AlTeJ)=AlTsJ)-ALI-NEM NH®J=M) IR
CCATINUE

NX=N]-M

IF(NXeLELO) GL TC 640

DC 65C N=1,MX

VINELN)SVINEL o NI-A(I-NE+VM,NB+ 1—-M=N) &R

CONTINGE

CONTINMLE

N=N1}

IF(NB.EGe2) GL TC €00
DG 68F J=1,N2

VINs JI=VIN—-1,J)
CONTINUE

N=N=1

IFI(N.EG.1) GO TL 600
GC 7O €49

CONTINUE

DET=KFR

OC 750 1=1.NA

Z22=0e0C

DC 749 J=1,,NB
22=2Z¢A(LsJ)SA(1,J)
CENTINUE
IF(ZZeNEe0.0) GC TO 751
WRITE(6,808)1
DET==DET

GC YO 750
Z2ZZ=SCORT{(227)

IF( ABSCA(141))eCGTe0.50E~20) GO TO 752

WRITE(E,803) 1
FCRMAT(LIHO+*A(®* s14,°,1)=0")
DEV=0.0

GG TO 750

DEV=DET®A(l,1)/222
OCD=AES(DET)
IF(CDC.GT.010E~S1) GO TC 750
DET=DET*0.,10E+50

CCNTIMLE

FCRMAT(LHOV*ALL TERNMS CF KOW'el4, ARE

WRITE(E.800)DET
FCRMAT(IHO.leCtTEFNlNAhT='Ell.4)
IF(IELAST.ECGel) GC TC 6CS
IFCINDIGEQWal) GC TC 1CS
IF(CET.CE0.0) CC TC @8CSs
IND3I=IND 3+

CENTINLE

I=NA

IF(leLE(NA-NED)) CC TC €21
NJd=NJ e}

IF(NJEGCa1) GL TC o24

6C TC €22

NJ=NE

SLUA:0.0

A-51



[aXaNa}

A-52

0O 623 J=2+NJ
SUMASSUNASALT JJ)eX(14J—1) .
623 CCNTIMUE '
GC 70 203
624 SUMA=0.0
203 IF(A(T1+1)eNECC.0) GG TC 626
200 FORMAT(1HO.*RECUCED A(*el3e%e1)=0") b
X{(1)=Ce0
GC TU 201
626 X(1)=(B(I)=-SUMAI/ALI.1)
2C1 IF(1.ECel) GO TC 627
I=1-1
GQ 10 602
627 CCONTINUE
RETURN
END _
SLBROLTINE SUEL : i
COMMCN/AREAL/ AG(Q.O"-IXG(ngQ’oZXG(QQOQ)OFVG(Q.OQ)-EG(9004)0
DLDES(9.°Q)'LLCES(9004).LG(Q'OQ)'N(9'0‘)0V‘A(9o°‘)'VUB(9‘°‘.0
MFAB(0.0Q).NFEA(0.0A).NFCA(9.0A).MFCB(9.04).NAX(Q.OA).NBV(OoOCl-
VU‘L(9|0Q)0V'BL(9o04)9CAI(9'0.)-CAZ(quQ)oCA3(9000)QCA5(9OOQ)0 N
CAG(0.0A).CBl(9'06).ca2(9.04).cea(o.oo).CB5(9.00).C86(9.04).
MEAP(9.OQ)-”ABP(qoo‘)oNC‘P(900‘).NCBP(Q.O‘).XG(9|°.)'VG‘9.°§’-
VA(9.°‘)OVB(Q'OQ’ONA(9QOQ)Q~B‘9‘0‘)'RABP(QQOQ)QRBAP(Q.O"O
RC‘P(Q.O‘)QDELC(9'OQ)oRBlPL(quO)‘RCQPL(9o0‘).RABPL(9-°‘) .
COMMON/AREA2/ AC(9004).!KC(900‘)olXC(QOOQ’ORXC(900.’|-C(9QO‘)t
FvC(9.04).tC(9.oa).Cc(9.04).55(9.04).CCX(9.0AI.SSX(9.00).
CCV(QoO‘)oSSV(Q-O"oCLI(9.06)QCL2(9.00)oCLJ(QoOQ).CL5(9.04)-
CUl(Q'OC)oCU2(9'OQ)oCU3(9.00’oCU5(9oCQ,.MD(goOQ)o“C(gpoi)c
"ULP(9-0C)cNLUF(Q-O‘)o"DLP(Q.O‘)."DUP(Q.O‘)-XC(9O0.)QVC(9|OQ)o
XNP(G.OQ)tVL(9004’oVU(9|04’.IL(900‘)-NU(Q.O".“LUP(9O0Q)0
RULP(9-°Q)'RDLP(QQOA)-DELD(Q.OQ)-L(9)cH(O"oK(9)oSU“V(9)'B(IOO,
COMMCN/ARE A3/ AE(9.04.2)cﬁXB(QQOQ'Z)QFY8(9Q0‘-2,'EB(9|0‘DZ,0
LB(Q.OQ.Z):CDI(G-OQ.Z)'C02(9‘04'2)0C03(9004'2)QCD‘(9'0402)0
CC2(9004)QPCR(9004-2)0FB(9.0"2)oFBP(goOQQZ).FBX(Q.OQ.Z)OX(100)' :
FDE$(04)oVDES(Q.OQ.-PDES(9)'F(04)09(9.0‘)-PAPP(9v04)'VlNCR(9QOQ)o '
RF(JOO)oﬂLL(300)oRP(300)‘A(IOOvQ5)-V(45.45)-DET.HINLL-R[NF-RINP-
S'AY(OQ).RO‘(9o04)nDEL(QoOQ)-CDS(Q.O‘.Z).C7(9.04)'C8(9000)oRlNVv
RV(300)oVJT(q'OQ)oVJTL(goOQ)oCQ(Q.OQ)‘C10(900‘)
CGMMCN/AREAS/ J((QoOQ).JG(QoOQ)oJB(9.0~¢2)olNDGoMNoNho"NN.NNN'lLo
1 NASNPeNCYCo INCI oL LLNLS IND2(9) s IELAST+NLAST s IAREA, INDs IREV, IREV2,
2 lSTAE-llO.lIloll?oJGL(9-04)oJCL(9004)oJBL(9'0‘02)nll3oll‘o115
REAL HAoHBcML-FUoL-lXCoIXG;LLDES:LG.LE0NFBAoﬂFAEo“FCA'NFCB'NAX'
l”EY'"FAP'"‘BP.VCAFONCEP'"ULPD"LUFQ"DLP'"DUP.K'“C‘MD
REAL %8 CULUMN.EHACE.GIRDER'IDENYlolDENTZ.lDENT3.lDENT‘.lDENTS

~NCcOoeWN -

COPUN-

oD WA -

COMPLTE ROUTATICAS, DEFLECTICNS £ SWAYS

NCYC=MCYCHI
JI=2%NMM+1 7
JJ=3sMMe ]
JK=JJ41]
SwAY(1)=0.0
OC 100 M=] MM
DEL(M,41)=0.0
RCT(M1)=X(M)
100 CONTINUE
DG 104 N=2 NN
SWAY(N)=X(N®JI=-DJ)
DC 102 N=] MM



103
104

220

130
115
120

3oz
3C1
320

3¢S
4C0
ac3
3Ca
3006

NO VMDA -

PUVL WY -

L S SO

A-53

HECT(MN)=X(NS JTI-UK*2%N)

DEL(MN)I=X(NBJI=J e2%M)

CONTIMNVE

CONTINMLE

LLL=0

DC 120 N=]1,NMN

DC 118 M=1,MM

PCAL=‘UEL‘”.N’]’-DEL(M.N))‘AC(“'N)‘EC(MQN)/H(N,

IFCIAREACNES]1) CC TC 220

PCAL=1C000.%PCAL

CCNTY INUE

ERR=AES(PCAL-FAFF(M,N))

PABS=ABS(PCAL)
lF(Eﬁ“-LEo(0.0l*FﬁES)) GO 710 13C

LiL=1

PAPP (M N)=PCAL

CONTINUE

COCNTINUE
IFUIND6.EQ.2) CC TO 320

WRITE(6,300)

DC 301 M=) .MM

DG 302 N=]1,NAN

‘Fl'E(GoJOJ)".h.RCT(”oN)QCEL(Noh’

CENTINUE

CONT INLE

WRITE(6.304)

OC 30% N=2,NN

'F"E‘6.306,N.S.‘V(N,

COCNTINLE

FCRMAT(1HO+S0RJC INT RCTATION VERTICAL DISPLACEMENT)

FORMAT (1H .lJolS.QX-Ell.a.qx.Ello4)

FCRMAT ( 1HO, 20+FLCCEK LEVEL SwAY)

FCRMAT (1H s 168X E11.4)

KETURA

END

SUBRULTINE CHECKI]

COMMCN/AREAL/ AG(9.00).lxc(9.04).ZXG(9.0A).FVG(9.0Q).EG(0.00)-
DLDES(9004)-LLDES(9004)QLG(9904)QW(QQOQ)tVW‘(9.04)oV'B(9'04).
NFAB(Q.OQ)o“FE“(9004)QMFCﬂ(9QO4’oMFCB(Q.O“)'MAX(9004)o"BY(§n04)O
V“L‘Q'OC)thﬁL‘gnOQ,vC‘l(9.04).(‘2(9.0‘)QC‘3(9000)0CA5(9¢00,O
C‘ﬁ(GOOQ)'CHI(9-0‘)0CB?(9904)OCB3(9004’oCBS(QoO".CBG(QlO‘)Q
"B‘P‘QOO‘,.”‘ep(QOOQ).”C‘p‘gto‘,'MCBP(QCOQ)OXG‘Q'O‘,'VG‘G'O‘,O
VA(Q-O‘).VB(goOC).”A(9'0¢)|"8(9004)QRABP(QOOQ,ORBAP(QOOQ,O
ﬁc‘p(QQOQ"DELC(QOOQ)oRBAPL(QOOQ)oRCﬁPL(Q'OQ)QRABPL(goOQ)

CCMMCN/ARE A2/ Ac(9.04).GC(9-06).Zxc(9-04).RXC(9.04).NC(9.06).
FYC(G-OO).Ec(9.04).CC(9.04)'55(9.04)-ch(9.00).SSX(9.04).
(CY(G-O‘)oSSY(9.04)-CL](QtO“,oCLZ(QoO“)oCLJ‘QQOQ'.CLS(ngQ)'
(Ul(GOOQ)'(L2(9'04)‘CU3(9004,|CU5(9.0¢)oMD‘Q'oa)OMC(GoOA,Q
“ULP(Q.OQ).“LUF(Q-U“)QMDLP(QOOQ,oMDDP(QQOQ)OXC(QQOQ,QVC‘Q'OQ’v
X”P(QQOQ)QVL(9'OQ)tVU(goca)‘ML(Q'OQ,oMU(goOQ)oPLUP(QQOQ,'
RULP(9'04’QRDLF(Q'OQ"UELD(QOOQ)oL(g)vH(oa)QK(Q)oSUVV(Q)QB(100)

CUMMCAN/AREA3, AE(9.06.2).Gx8(§.04.2).FVB(Q.OQ.Z).EE(9-04.2).
LE(Q-O‘.Z).(CI(9-04-2l.CC?(G.Oa-2).CDJ(9.04.2)mCDd(G.oaoz).
CC2(9.00).Pck(ﬁnoa-z).FB(Q.ob.Z)-FEF(Q.O“.?).F&X(Q.OA.?).x(IOO)o
FDES(O‘).VC(5(9004)'pD[S(Q,QF(OQ)'p(Q.OQ).plpp(QOOQ"VINC"(9|04)o
‘F(Jco).NLL(JUU)'pp‘JOO)oﬂ(lOO..S).V(QS.‘&’oDE'cHINLL'HINF'Rle'
ShAV(OQ)QNUY(QQCQ)-UFL(Q-O“’oCDﬁ(QOOQ'Z)'(7(9004)-(6():0‘)'QINVO
FV(JCO).VJY(G.OA)-VJIL(Q.CQ).Cs(G.OO).CIOIM.OA)

COMMIN/ARE AGy 4((9.0“)OJC(QQUQ)cJE(QQUQcZ)OINUO-”M.NN'VNN!NNN|IL'
NAQNP.N(VC.INCJ.LLL'NLolﬂoz(V)plFLhSToNLAST-IAHEAnlND'lNFVol“EVZ-



[a W aW al

201

116

118

2 ISTAB1106111¢132¢JGL(9004)+JCL(9+04)¢JIBL(9+04+2),1132114,10115

A-54

REAL MA MBoML oMU oL ¢ IXC o IXGoLLDES eLGoLBoMFBAMFAEIMFCASMFCBoMAX,

IMEY o ME AP MABP ¢ NCAP ¢ MCBP s MULP s MLUP s MDLP s MDUP » K o MC 4 XD
REALS8 COLUMN.ERACE +GIRDER . IDENT 1, IDENT2, IDENT3, IDENTA, IDENTS

INO=0
GIRDEFR MOMENTS
DC 200 N=2NM

DC 199 M=] MMM
IF(IXC(MsN) ¢EC.0.0) GO TO 199

MA(MNI=CAL(MeAN)OIROT (MeNDI+CA2(MN)EROT(MHL1eNI+CAI(MINI*(DEL(MNI-D

IELIM$1«N)I+CAS(M,N)

ME(MeN)=CBL(MsNISROT(MsN) +CB2(MsN)SROT(M4LoNIFCBI(MN)S(DEL(MN)-D

1EL(ME 1 4N) I +CRSIM.N)
DI=(MA(MN)I+ME(NMN))/LG(MN)
VA(M¢NIZVWA(MNI=-DI

VBIM AN)=SVUB(MN)4DF
IF(IELAST.EQel) GO TO 199
IF(JG(MsN).EQQ2) GO TO 260
IF(JGIMN)+EQaS) GG TO 260
IF(JG(MaN) sEQeb6) GO TC 260
IF(JG(MN)ECe8) GO TO 260
IF(JG(MN)EGe14) GC TC 260
IF(JG(MsN)EQ.16) GO TO 260
IF{JG(MN)EQ21) GU TO 260
DZ=ABS(MA(MN))
IF(D2LT.ABS{MABF{MsN)}) GC TO 120
IF(JG(MN)EQe10) GO TC 118
IF(JG(M,N)+EQs13) GG TC 118
IF(JG(M,N)LEQs15) GG TC 118
IF(JG(M N)eEGCe20) GC TC 118
WRITE(6:201)MeN
FORMAT(1HO+ 27K INGE AT LEFT END OF GIRDER,213)
IND=IND#1

IF(MA(MN)eGESOeC) GO TC €S20
MABP (M N)=—MABRP(M,N)
CS{MsN)=140

IF(JG(MN)eEGel) GO TC 111
IF(JG(MN)EC43) GC TC 113
IF(JGIM¢N) sEQsa) GC TC 114
IF(JUG(MN)EQs7) GO TC 3117
IF(JG(M,N)EGell) GC TC 118
IF(JG(MeN)sEQL17) GE TC 116
GC 10 118

JG(NeN)=2

GC 10 120

JG(MeN)=5

GC VC 1120

JGIMeN)I=6

GC T0 120

JG{MeN)=8

GO T0O 120

JEI{MJN)=14

CAE(MN)=0.0
CEG(MN)=C7(MN)

GC 1O 120

JG(MN)Y=2]

GC TC 120
IF(D2.LT.ABSIMABF(NM,N))) CO TC 120

[



112
120
2¢0

202

121
122
124

126

19
128
1c¢

130
2¢1

WRITE(Ge112) MoN
FORMAT (LHO + *MUNMEATY VIOLATION LEFT END GIRDER®.2164)
CCNTINUE

IFC(JGINN)ECeI) GO TO 261
IFCJGIMeND) sEQCeS) GO TO 261
IF(JGIMN) o EQe7) GO TO 261
IF(JGIMeN)EGeE) GO TO 2¢1
IFCJIGIMiN) cECeLS) GL TC 201
IF(JO(MeN)ebEGLelE) GC TC 261
IF(JG(M N)ECe20) GC TC 2¢1
D2=ABSI(ND(MN))
IF(D2.LTLAHSI{MBAKE(NM,N))) GC TO 130
IF(JOINMeN)eEGCel11) GO TO 128
IF(JGIVMN)eEGCeal4) GC TC 128
IF{JUGIMIN).EQel17) GO TC 128
IFLJG(MeND)eECS21) GC TC 128
WRITE(C,202)M 4N
FOCRMAT (1IHO . 28FFINGF AT RIGHT END CF GIRDER,213)
IND=IND#]

IF(ME(MyN) GEeGeC) GC TC 521

MEAP (M N)=-MBAP(NM N)

CS(MMN)=2.0

IF(JUG(MeN) cEQel) GO TO 121
IF(JGIMaN) . EQe2) GO TC 122
IF(JG(MIN)EQe4) GC TC 124
IF(JG(MyN)EGe€E) GC TO 12€
IF(JGIM¢N).EQ.10) GC TC 123
IF(JG(MeN) cEGe2E) GC TC 125

GC TO 128

JC{MeN)=3

GC T0 130

JG(M¢N)=S

GC JTO 130

JG(MN)=7

GC TO 130

JGIMN)=8

GC TO 130

JG{MeN)=13

CAG(MoN)=C7(MoN)

CEHG(MeN)=0,0

GC 70 t30

JG(MeN)=20

6L YO 120

IF(D2.LTLAUS(MBAF(MN))) CGC TO 130
WRITE(EL105) M

FORMAT(1HO +*MUMENT VICLATICN RIGHY END GIRDER®.214)
CCNT INUE

IFCJG(NMNDatECed) GC TC 140
IF(JGI(MeN)sEQe €) GU TC 140
IFLJUG(MIN)LEGe 7) GG TC 140
IF(JGIVMN) ot Ce E) GC TC 140
IF(JGIMIN) 4FQa1S) GL TC 140
IFLUGINNIEGCal7) GL TC 140
IFCJGUMNDECL.20) GC TC 140
IFLJUGIMN)LEC.21) GC TO 14acC
IF(uiNMN)eECeCo0) GC TC 140
IF(VAIM(N)JLTa0.C) GC TC 140
IFUVEI(NM N)LTL0.0) GL TC 140
D2=ABS(MA(MN) VAN N)ISVA(NN)SE 0/ w(MeN))
MC(MeN)=D2

A-55
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203

204

2CS

131

132

135

142

143

139
137

138
140
159
200

A-56

IF(C2.LT.ABSINCAF(MsN))) CC YO 140
IF(JG(M4N) eEQe12) GO TO 137
IF(JG(MyN)sEQel€) GO TC 137
IF(JG(M,N) JECel18) GC TC 137
IF(JGIM;N).EQe10) GO TO 127
IF(JG(MsN) +EQal1) GO TC 137
XGIMeNIT12,086VAINMNI/WINJN)
YG(MeN)IZL G(MsNDI=XG({MsN)
WRITE(6¢203)XG(MeNDoMeN
FORMAY(LHO o OHHINGE o+F8.2¢3LH INCHES FROM LEFT END OF GIRDER.213)
END=1NC o)

IF(DELC({MsN) oL T<0.0) GC TC 204
MCARP{NV ¢N)I=—MCAP(M N)

CI(MN)=23.0

GO t0 20S

MCBP (M oNI=-MCBP(MNN)

CO(MeN)IZA L0

IF(JG(MeND) EQel) GO TO 131
IF(JG(MeN) sEQe2) GO TO 1232
IF{JG(MN).EQWe3) GO TO 123
IF(JG(M«N).EQeS) GO TC 135
IF(JGIMsN) cEQelI) GO TO 142
IFLJG(MN) sEQela) GO TO 143

GO TO 137

JGlMN)=a

GC TO 140

JG(MeN)=6

GO 70 140

JG(MaN)=T7

GO TO 140

JG(MyN)=8

GC 7O 140

JG(M¢N)=20

WRITE(€Ee139) MeN

GC T0 140

JG{MeN)=21

WRITE(E4+4139) MyN

GO YO ta0

FORMAT( 1HO+*HINCE ROTATICNS GIRODER® ,214,°* NO LONGER VALIDY)
IF(D2LTLABS{MCAF(MN))) GO TO 140
WRITE(G64138) M4

FORMAT(EHO, *MCMENT VIOLATION INTERICR GIRDER®,214)
CONTINUE

CCNTINUE

CCNTINUE

COLUMAN MOMENTS

DC 480 M=] MM

IF(IXCIMol) eEGCaCe0) GC TC 480
INC2(NM)=0

IF(JC(N¥s1)efCa2) GC TC 4B8S
IF(JC(Me1)eEUSGE) GU TU ags
IF{JCIMIl)eEGet) GG TC 48S
IF(JC(VM1)eEC8) GC TC 4#S
MLINMo 1 )=—K{(M)SRCT(M,1)
IF(IELASTtCel ) CC TO 4GC
VI=ABS(NLIM,1))

TE(L el e ARSUNMLLF(M,1))) CL TC 4%0
TAND D=1
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IF(NL (Mol )Gt a0eC) GU' TO 4BS
MLIV 1 )==MLUP(N,])
GC TC av0
4B5 NMLIMe 1 )=MLUF(M,1)
490 MU(M.I):CUI(N.]"ka(M-l)OCUZ(Mol)‘RO’(McZ)—CUJ(“ol)‘S‘AY(?)OCUS(M
1e1)
VUM 1 )=(MU(NMG 1) INLIMLID4F (N1 )2SRAY(2)DI/H L)
VLIMs1)=-VUI(NM,1)
QE0  CONTINUE
DC 400 N=14NNN -
DC 396G M= MM
IFUIXC(MN) eEGe00) GO TC 396
IF(NEG.L) GC TC &CO
NL(N.#):CLI(N.N)‘FUT(Noh)*(LZ(N.N)‘RCT(M.N'l)0CL3(M.R)‘(SW‘Y(N)—S'
TAYIN®1))4CLS(V,N)
”b(”-h)=cul(N.h)'FCT(N.N)'CUZ(N'N)*ROT(M.N’I)0CU3(M.N"(S'AY‘N)—S'
TAY(N+ 1)) +CUS(M.N)
\U(F-N)=(NU‘"-~)0NL(M'N)QP(”'N)'(SUAY(N*],’S'AY(N)))/F(N)
VLINM M) ==VU(NN)
IF(IELAST.EQ.1) GC TC 399
G0 TO 810
8co IF(IFLAST.EQe}) GC TO 3S%
IFCINC2(M) 4EQel) GC TO 820
GC TO 360
210 IF(JCIVMIN)ECaZ) GG YC 36C
IF(JCIMsN) cEQeS) GO TO 360
IFCJUCINMND.ECW€E) GC TO 360
IF(JC(MN)EQs8) GO TO 3€C
DI=ABS(ML{M,N))
IF(D1.LT.ABSIMLUF(M,N))) CC TO 320
820 WRITE(64+401)M,N
401 FCRMAT(1HO+28+-FINGE AT LOWER END CF COLUMN, 21 2)
IND=INDe]
IF(MLIM,N) 2 GE04C) CGC TO SO1
MLUP(NMGN)=—NMLUF (N N)
ClO(MeN)I=1,0
5C1 IF(JCIM,N)EQal) GO TO 311
IF(JC(MIN).EGL3) GC TC 313
IF{JC(NMN)EQ.4) GC TO 314
IFUJUC(M eN).EC.7) GC YO 317
GC TO 320
31t JC(MeN D=2
GC TO 320
313 JUC(MN)=5S
GG TO 320
314  JC(MeN)=6
GC TO 320
317 JC(MeN)=8
320 CCNTIMNUE
3¢0 IF(JCIVM NI LEQed) GC TC 361
IFLJCIM(NDILEC.5) CC TC 3€1
IF(JCIMINIEGL7) GC TC 361
IF(JCIMN) . EQ.8) GC TC 3€1
CLI=ABSIMU(M,N))
IF(O1eLTLABS(NULFIM,N))) GC TU 330
WHITE(6.402)M,N
4C2 FCRMAT(IMO,28FFINCE AT UFFER ENC CF COLUMN,Z2121)
IND=1rD 4+
TFAMUIMN) oGE «GoC) GL TC €02
FLLPEIN oN)==NMULE(NMN)
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Cl10(MeN)=2.0
5C2 IF(JC{MyN).EQel) GO TO 321
IF(JC(MeN) eECe2) GO YC 322
IF(JC(M4N).EQea) GC TO 2324
IF(JCIM N)EQe6) GO TO 326
GC Y0 330
321 JC(MeN)=3
GC 1O 330
322 JC(MyN)=5
Gt TO 330
324 JCUMN)=7
GO TO 330
326 JC(MeN)=8
330 CCNTINUE
361 IF(JC(MeN)EQed) GO TC 35S0
IF(JC(MsN)GEaB) GO TC 23S0
IF(P{MN)+LEO.0) GO TC 350
DI=SURT(P(MeN)/(EC{MNI*IXCIMsN)))
D2=SIN(D1*H(N))
LI=COS(D1*H(N))
IF(ML (MeN)eEQs0+C) GO TC 758
D6E= (ML (MsN)#DISMUIMND ) Z (ML(M,N)*D2)
XC(MoN)=ATAN(-DE) /D1
GC T0 789
758 X({MeN)=1,5708/C1
759 IF(XCIMsN)ILTeCelO®H(N)) GC TG 350
IF(XC(MeN)eGT s0+50%F(N)) GC TO 350
DA=NMLAM G NIENL(MoN ) 42,0403 OMLIMIN)SMU(MNI+MUIMIN)EMU(M¢N)
IF(D4+CGEL0.,0)G0 10 331
WRITE(64,003)M4N
4C3 FORMAT(L1HO+S3FNEGATIVE SCUARE RLCT — MAXIMUM INTERIOR MOMENT COLUM
INe213)
GC TC 350
331 DS=SCKT(D4)/D2
MO (Ms N )=D5S
IF(DS«LTABSI(NDLF(M,N))) GO TO 350
YC(MeN)=HIN)=XC(NM4N)
WRITE(€440a)XCIMN)oNoN
404 FCRMAT(LHOs6HRINCE +FBe2¢32H INCHES FROM LOWER END OF CDLUMN,2!3)
INC=IAD+1
IF(ML (MyN)sGE+0eC) CC TC 70
MOLP (N ¢N)==NMDUF(N4N)
ClO{MsN)=3.0
570 IF(MUIN(N)GELO.C) GU TC €71
MOLP(NM4N)=—NDLP(N,N)
Cl0(MIN)=4,.0
571 1F{MLINJN)I*MU(MJN)LT.0.0) GU TO S10
D7=ABS(NL(MsN))
DEZABS (MU(M4N))
IF(C7.GE.D3) GC TC &72
MCUP (N oN)==MDULP(NM,N)
Cl0{M«N)=3,0
GC TC €10
5712 MCLP(MJN)I=—NELP(M,N)
Cl10(M4N)=8,0 i
S10  IFLJCINMNICEGeL) GC TC J4i
IFLJCINM NI GEULZ) GC TC 342
IFUJCIVMN) eECe3) GC TC 343
IFLICIM NI FGaS) GL TC 345
«C YC 289




341

342

343

345
Jeo
369
4Co

419
420

azq
430
435
410

411
412
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JC(WN)=4
g Tu 290
JCIMeN)=6
GC YO 250
JC(MeN)=7
GC TG 250
JC{MeN)=8
COUNTINMUE
CCNTINMLE
CONTINLE
IFCINC6.EQe2) CC TC 4235
WRITE(G6,410)
00 420 N=2,NN
CC 419 M=) MMM
U“l'E(bo“ll)PCNQNA(MON)'”C(~'N)ONE(uoN)oVA(MnN)oVB(McN)-JG(M.N).MA
TBP(MeN ) sRAGBP (M eh ) yRCAP(NsN) JHBAP (MoN)
CONTINGE
COCNTINLE
WRITE(Gs412)
0GC 430 Nz 4.NANN
DC 422G M=) MM
WFI’F(ﬁo‘ll,MoNQNL(”oN)oMD(M'N).”U(MQN)QVL(M'N)QVU(“oN)oJC(“oN).”L
TUP(MeN) oRLUP (NN D)o ROLP (Mo N) s RULP(MN)
CONTIMNUE
CONTINUE
CONTINLE
FUKRMAT(1HO+*GIKDEK MA MC ~Me VA
i ve F INGE Mp AP cP
2HP )
FURMAT (1H o2|3-3(2x'Fll-4)o2(2XoF9.Q,vlé-ZXoFil0003(3X0Ell04))
FCRMATY(IHO s *CCLUNMN ML A0 My vL
1 vu FINCE MEC LP o]
2UP*)
RETURN
END
SUBROLTINE CHECKZ
CUMMOCN/AREALY AG(9.04)0lxﬁ(quQ,oZXG(gnOQ)cFVG(9.04).55‘9004)-
1 DLDFS(Q.OQ’.LLDES(9004)oLG(9-0‘).W(QQOQ)-VN&(Q.OQ);V'B(Q.O“).
2 ”FAB(Q.O‘)QMFEA(9-04)0MFCA(9004)cMFCB(QQOQ)-th(Q'Oﬂ)t“UY‘Q.OQ’o
3 V.AL(9.0‘).VhEL(QOOQ)oCAI(9004)0(42(9'00,-CA3(9004)OCAS(GQOC)o
4 CAO(Q.OQ"CBI(GoO‘).CBZ(ngQ)'CEJ(9p04).CBS(Q.OQ).CEG(Q.O‘)Q
< "BAP(Q.O“).MABF(QOOQ)oﬂclp(gno"QNCBP(QOOQ,cXG(gtoﬁ)oVG‘QQOQ)t
€ V‘(9004)0VE(9|04)oﬂA(gOOQ)OME(gcoa)oFABp(QoOQ)opBAP(goOQ)-
7 RC&P(9.04)QDELC(QQOQ)'RBAPL(Q-OG)oPC‘PL(Q.O4).ﬂABpL(9'OQ)
CCMMIN/ARE A2/ ‘C(Q-OQ’QIXC(Q'OQ)oZXC(goOQ).RXC(Q.O‘)l'C(QoOQ)o
1 FVC(QvO‘)‘EC(goOC)|CC(9'0°)nSS(QOOQ)OCCX(goOQ)oSSX(QoOQ)o
'3 (CV(G-OQ)'SSY(Q'OQ)oCLl(9|04)oCL2(9004)cCLJ(Q.OQ’.CLS(9.O‘)-
3 CU](9'00)o(U?(QOOQ)'CU3(9004)'CU5(9|04’oMD(gvoa)oMC(quQ)o
4 ”ULP(Q.OQ).NLUF(QoOQ)o”DLP(U.OQ)oMDhF(9.04)Q'C(QoOQ)oVC(g'OQ,-
s XMP(9004’QVL(Q‘OQ)OVU(9004)oNL(QQOQ)QNU(Q'OQ)QFLUP(goOQ)t
€ HULF(QQOQ)lRDLF(Q-OC,thLD(9-0.,oL(g)nH(OG)vK(Q)cSUNV(Q,cB(IOO)
CUMMCN/AREA3/ ﬂE(roqoZ)'Rxe(Q'OQQZ,QFYB(QQO4'2)055(9000'2)'
1 LB‘Q.OQ.Z,.CCI(9'04-2)0C02(9000.2)oCDJ(QoO“oZ,'C0°(9'04|2)o
< CCZ(G.OQ’.P(#(Q.O‘-Z)'F8(9.0412)0F89(9|04|2)QFEX(9'OQ02DQX(IOO)O
k] FDES(OQ).VDFS(Q,OQ)'FDFS(Q)oF(OQ)OP(Q'OQ)opApP(9'0§,0VINCR(Q'0"c
4 ﬁf(JOO).RLL(300)-RP(JOU)oh(100005).V(45'05)oDEToRlNLLothF.“'NPt
& ShAV(OG).RUY(9.CA).DEL(Q.oa).CCS(9.04.2).(7(9.04).CB(9.00)-HINV.
€ RV(JCO’.VJ'(Q.C“,.VJTL(ngO)cCg(QQOQ)oCIO(QoOQ|

CCMMCON/ZARE AGYy J((QQOQ)1J5(9004,0J5(9.0402,tlNDbo""oNNQHNM'NNN.'LQ
] NA.NE.NCVC.INO?-LLL-NL-[NDZ(Q)-lELAST.NLASTolAREA.IBCoIREV-IREVZ-
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2 ISTAE 110011141124 J6LISe04)sJCLISe04)4JBLI9¢0462)2113:114,11S5
REAL NMA oMB oML o ML oL o IXC o IXG oL LDES ¢LGeL B MFBANFAB MFCAJMFCBoMAX,
IMBYoMPAP (MAEP ¢ NCAP s MCEBP ¢ MULP o MLUP ¢ MDLP ¢ MDUP o K ¢ MC 4 MD

REALSE COLUMNJERACE +GIRDER ¢ IDENT 1+ I1DENT2, IDENT 34+ IDENTA, IDENTS

HINGE ROTATICAS

GIKDEFS

DC 651 A=2,NN

DL 646G M=1,.MMM

IF(JG(MN) sEQel) GC TO 6F1

IF(JG(MN)EQe2) GG TO 612

IF(JG(M¢N) .EQ.2) GO TO 613

IF(JG(MeN) EQ.n) GO TC 614

IF(JO(MN) «EQeS) GO TO 615

IF(JG(MyN) .EQab6) GO TOU 616

IF(JGIMeN)eEQe7) GO YC 617

IF(JG(M«N)EQeE) GO TO €18

IF(JG(NM¢N)ECGe13) GO TO €13

IF(JG(M¢N)EG.14) GC TC 612

IF(JGIMeN)I+EQ.15) GC TOA €14

IF(JGIMN)EC.1€E) GO T(O 612

IF(JG(MeN)EC.17) GO TC 614

IF(JG(MsN) EQ.18) GG TC 613

IF(JGI(NN)EQ.20) GO TC 617

IF{JG(MsN)EGe21) GC TC 616

GC TO 649

RABP(NM¢NI=0.0

REAP(NM¢N)=040

RCAP(VMN)=0.,0

GC TO €49
RABP(NMeN)Z(0+2S*2LGIMyNI/ZIEG(MeNIZIXG(MsN) ) IE(MABP(MN)=NFAB(MeN))-
101e040 755 WCIMaNI/ZLGIMIN)IRROTIMsNI—(0eS+0+75%WC (ML NI/LG(MN))*R
20TUN+14N)PLoSP(CELI(MELILNI)-DEL(MN))I/ZLGC(M,N)

RCAPINMN)=040

IF(JG(MeN)sEGCel4) GC TC 661

REAP(MN)=0.0

GC TO 649

RABP (N ¢N)SRABE(MIN)=0SERBAP (M N)

GC TO €49 -
REAP(MoNIZS(0e2SHLCIMIN)I/(EGIMaN)RIXGIMIN) ) ) E(MBAP(M¢N)-MFRA(MN) )~
1(0eS¢0e7S*WCINMIN)/LGINMIN)IEXROT(MIN)=(1e0#075kWCIM+LoNIZLGI(MeN) IR
20T(MEIeN)+L oSH(DEL(M+L14N)-DELI(M¢N))I/LGIM4N)

HCAP(NM¢N}=0,0

IFTJGIMIN)«EQel1Z) GL TC 060

RABP(MyN)=0.,0

GC TO €49

REAP(M ¢N)=RBAFP (N ¢N)=0+S*kRABP(M,N)

GC TO €49

DI=XGIMeN)EXG(NN)

D2=YG(MN)EYG(N N)

D3A=CI$XG(M,N)

DA=C2*YGC(M,N)

DE=NI®CZ/7(DI+DG)
DELCAMoNIZDSH(YCI{MNIK((MFABIMIN)I=OsSEMFCA(4,N)+1SEMCAP(M N)¢MAX(
IMNIDIZ (3000 GINAIFIXCINMIN)IDI®(La040eSENCIMINI/XGIMIN) ISRUT(M NI/ XG
CUMINIGOELAMINI/TIIEXGIN N IR ((QeSEMFCB(MeN)~MFUA(MNI=L SEMCBP(M.N)
JENEY AN GNII/Z (3 002LCUNMGNIETIXCIMIN)I ) =(1e040.S¢NCIMEINIZYG(MIN)IERNTL

[E——

S—

[

[REE——, [Rm T
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AMELeNIZYGIMN)FDEL(MEL oN)/D2))

IF(JGI(MN)eNESLIE) GO TO €€2
CELCINMNIZDELC (M oN)IECBO(MN)ISD2/ (I 0SEGIMNIFIXGIM N))

IF(JG(MsN) e NES17) GU TC 663

DELCA(NMoN)SDELC(MN)CCRE(NIN)ISDI/(I0SEG(MN)ISIXGIM,N))

RCAP(W N)=(MCAP(M N)— NFCA(M.N))QXG(N.N)‘O.ZS/(EG(N.N)‘IXG(N.N))-(0
l.-00.75.'C(M.N)IXC(NQN))‘RUY(M.N)’los‘(DELC(”oN)-DEL("-N))/XG(N.N)
2-(MCBP(M¢N)— “FCB(MQN’)‘0025"6‘MON’/(EG("ON,‘IXG(MQN’,0(0059OU7S‘U
JC(NQlcN)/VG(”oN,"RUT("*IQN)“OS“DEL(VflQN)-DELC‘"ON))/VG(N.N)

IF(JGIMIN) eEQe1S) GO TO 664

IF(JG(M¢N) sEGe17) GC TL ¢€€5

RABF (M eNDI=040

REBAP(MN)=0.0

GC TO 649

RCAP (VM eNI=RCAP(M¢N)=0SERABF(M.N)

KEAP(MN)I=0.0

GC 10 €49

RCAP (M oN)=RCAP(MyN)~0.S*RBAP(M(N)

RABP(NMeN)=0.0

GC YO €49

RABP(NMN)= (LC(M.N)/(6¢°‘EG("oN)‘l’G‘N.N,,"(2.0‘”&09(“.“) ~MBAP (M N
l.'2¢°.NFAB‘“OF)Q’FB‘(MON),-(loOfOcS"C("oN)/LG(M.N,,‘RO'(M.N)-(O.&
Ztﬁc(ﬂfloN)/LG(“'h,)‘ROT("OIoh)f(DEL(N’I.N)‘DEL(M.“,)/LG("’N)

REBAP(M¢N)= (LG(“'N)/(6.0‘EG(MON)‘IXG(“QN.))‘(Zoot“BAp(MoN’—N‘BP(NQN
L1)=2.08MFBA(M N)+NMFAE(MN) )~ (OSHEWCIMIN)I/LG(MeN) I SROT (M N )~ ~(1e04¢0.5
2"C(MQIQN),LG(“.N))'ROT(”QI.N)Q(DEL(UQIQN)-DEL(M N)I/LG(MN)

RCAP(NM¢N)=0.0

GC TOD €49

DELC(MN)= (YG(”nh)‘YG(M.N,/(3.0‘EG(MQN)*lXG(M'N)),‘((YG(”.N)/XG(N'
IN))O(NABP(H.N)OMCAP(M.NDONAX(M-N))GMBY(M.N)—I.StMCBP(M N)~MFBA(M,N
2)40.50MFCB(MN) )~ (loOOOaS’IC(MOlvN)/VG(M.N))‘VG(”.N)‘ROY(UGI-N)‘DE
3L(NMSLN)

IF(JG(NMeN)eNEL21) GO TG 622

DELC(".N)=DEL((NQN)—(XG‘NQN)“30YG(M'N"‘3"Cﬂﬁ(MQN)/(3.O‘EG‘MQN)
1SIXGININIEXGIM,N))

HABP(D.N)=(XG(M.B)I(G.O‘EG(N.h)‘le(M.N)))O(Z.OtNABP(M.N)—MCAP(M.N
l"Zoo‘NFAB‘"oN)f”FCA(M'N)"(‘QOOOQS‘NC(MQN)/XG(MQN))‘RQ'(M'N)Q(DEL
2CIMeN)=CELIMN)I/XGC(MN)

RCAF(NoN)=(XG(M.A)/(G.OtEG(v.N)‘IXG(M-ND))‘(2.0¢NCAP(M.N)—MA6P(M.N
l)‘ZQO‘NFCA(NON’GMFAB(MQN‘,-(YG(M'N)/(‘cO‘EG(MON)‘lXG(NoN),,‘(MCBP(
ZMeN)—WFCBI(M,N) )~ (OQS‘UC(M'N)/XG(MQN))‘RUT(”ON)’(00500075‘UC("’|QN,
JIVG("'N))‘RU'(”*l'N)*(CELC(nvN) ~DEL(MIN) I/ XGIMsN)=1 SS(OEL{M+1,N)-
ADELCINMeN)I/YC(M4N)

IF(JGI(M{N)ECe21) GC TC 623

REAP(NMeN)=0.0

GG TO 649

RCAF(MyN)=RCAP (N N)~0+52FEAP(M,N)

GC TO €49

UELC(".N)=(XG(M.N)‘XG(N'N)/(JoO‘EG(M.N)‘!‘G(M;N))"((XG(MQN)/VG(NQ
lN))‘(”BV(”.N)’”(ep("'N)-“EAp(MON))*l-5‘“CAP(“.N)0NAX(M0N’0MFAB(M.N
2)‘005."FCA(MQN))0(IQO‘O-S'WC(”'N)/XG(U'N)"KG(“ON"RUT(”QN)QDEL(MO
3N)

IF(JIGIM NI oNEL20) GL TC €24

UELC(..N,=DELC(“.N'0CA6(~QN)‘(XC("vN)“30YG(”oN"lJ’/(3oO‘EG(“.N’
1 SIXGIMN)EXGIMN)Y)

“EAP(..N):(XG(”.N)/(G-C‘EC("-N)‘IXG(U.N)))‘(ZoO‘NE‘p(NQN)-NCBP(ﬂnN
l)‘200‘"FBA(“.N’0~FCB(M|N))’(lo000.5"C(MQlON)/VG(UQN’)‘QOI("0|'N)0
2ICELUP 4L oN)I-CELC(MINDII/YGI{MN)

WCAP(VON’=(XG(”:N)/(‘.O‘EG‘”;N)‘IXG(HON)))‘(“CAP(“.N)—“FC‘(“ON’)-(
lVG(M-N)I(ﬁ.OOFG(v.N)‘le(McN)))'(2.03MC89(M.N)—N8AP(M.N)—Z-OOMFCB(
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2N eN)ENFEA(MN) )= (0e540e7SHNCIMeNI/XGINN))EROT(MIN)I+(0,S*UCIMELI,N)
3/YGIMeN)IEROT (M 41 eN)+1oSE(DELCINMsNI=DEL(MsN)I/XGIMyN)-(DELI(M*1,NI—

QDELC(NMeN) I/YGCI(NN)

IF(JUG(MyN).EQs20) GC TC 625

HABP(MsN)=0.0
GC 1O €49

RCAP (Mo N)=RCAP (MNI~0SERABP(MIN)

GC TQ 649

HABPINM ¢N)=999% 456
REAP(MeN)=9969 495
RCAP(MeN)=9969 .96
CONTINGE

CCNTINUE

CCLUMMS

VG 750 N=1NAN

DC 749 N=] .MM
IF(JC(MsN)EQWl) GO
IF(JCIMN)EQs2) GC
IF(JC(MsN)EQ.I) GO
LF(JC(MsN)eEGQGes) GC
IF(JCI(MIN)+EQeS) GO
IF(JC(MyN)cEQe6) GO
IF(JC(MN)sEQe7?) GG
IF(JC(MN)sEQe8) GO
RULP(MIN)I=0.0
RLULF(NMIN)=0a0
ROLF(MyN)=0.0

GC TC 749

T0
TC
70
T0
T0
TO
TC
TC

711
712
713
714
71€
716
"7
718

RLUPIN eN)=(H(N)/Z(CCIMNIRECIMaNIEIXCIMIN) ) I SNLUP(MyN)=(SS(MsN)/CC(
IMGN)IIRUT (Mo N4 1)=ROT(MsNIHL(CCIMeNI+SSIMeN)IIZ(CCIMNISHIN)) IR (SWAY

2(N+1)-SWAY(N))
RLLPIMN)=U.0
RCLP{M¢NI=0.0
GC T0 749

RLUP(NM4N)=0.0

RULPINMNI=(HIN)/Z(CCIMsNI*EC(MsNI$IXC(MsN)) ) ¥MULP(MsN)—(SS(MeN)/CCH(
IMsN) I *ROTIM NI =KCT (Mo N+ D HLLCCINeN)I#SSIMIN)I I/ (CCIMNIRH(N)) I*(SWAY

2(N+1)~SWAY(N))
RCLPANM¢N)=040

GC T0 749
D1=CCX{MyNIFTCCX(M4N)
D2=SSX{MeN)ESSX(N¢N)
D3=CCYIMIN)IRCCY{MIN)
DA=SSY(MeN)*SSY (MN)
DE=(D1-D2)/CCX(NM¢N)
DE=(D2-D4) /CCY(M4N)
D7=ECIMJNI®IXC(M,N)
DE=C7/XC(M4N)
CS=07/VYC(M.N)
D10=C8/XC{(M.N)
D1i=DG/YC(MN)
D12=PAPP(M,N)-CE*D1 ]
D13=PAPP(MN)-DE2C1C

DELDINM e NI = (XCAN A K(NOUF (Ma NI+ (SSY(MeRN)/CCY(MGN) ) ENDLP{M N) +DESDI*
IROTVANMsNE1 )40 12 RSMAY(NET) ) =YCIMAIE(MDLP (M NI+(SSXINMN)/CCX(MoN) ) oM
COLE(N yN ) HDS*DESRLT (M NI=D1I35WAYIN) I I/ (D125 XC(MsNI+D13®YC(MeN)})

RDLE (M e NI ZIXCAMGM I/ (COXIM G NDIRDT ) ) RNDLFPIMIN)=(YCIMeN)I/(CCY(MeN)ISOT7)
TIENOUE (MeN)I—(SSXUMeNIZCCX{MaN) I RRCT(MINDI+(SSY(MNI/CCY(MIND ISROT(M

[——t
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2Nt 1)C(CCRIN NI IESXININ)I/ZLCCX(MN)EXCIMeN) ) S(DELCINN)-SWAY(N))~(
ICCY(MINISSSY (M N)I/{CCY(MGN)ISYC(MN)IS(SWAY (N1 I=DELC(MNY))

RLLP(VMeN)=0.0
RLUF(MoN)=0.0
GL 10 749
RULP(MeNIZHIN) *(SS(MiN)SENMLUP(M¢N)-CCIN N)IEMULP(M NI Z7((SS(M N)ESS(
IMeN)~CCUMN)ECC(NNI)ISECIMIN)SIXCIMeN))~ROT(MN+1)+(SWAY(N®])I-SWAY
2(N) I/ (N)

RLUP(NMoNDI=HINIS(CCINMNISNLUP(MN)I=SS(M N)IEMULP (M N)IZ((CC(MN)®CCL
IMgN)=SSINMN)ESS(NN)ISECIN NISIXCIMN)I-ROT(MeN)+(SWAY(N+1)-SWAY(N
2))/70(n)

KCLF(NMeN)=0.0
GC Y0 749
DIS(CCY(MeN)ISRCCY(MeN)=SSY(MN)IFSSY (M N) ISECIMNISIXCIMN)/Z{YC(MeN)
18CCY(MoN))

DELCINMeNI=C((1e04¢(SSY(MsNI/CCY(NsN))IRNMDUPI(N4N)=(YC(MNI/XCIM,N))I®(
IMDLP LN ¢NIEMLUP (M oN) I+DISROT(MoN+1I+PAPP(MoN)*(YC(M{N)I/XC(MsN))ESWA
P2YIN)+(PAPP(MN)-D1/YC(MsN)IESWAY (N+1) )/ (PAPP(MN)S(1.04YCIMgN)/XC(
3MeN)I-DI1/YC(MN))

ROLP(NMoNDI=(XCAMsN)/((SSXIMN)PSEX(MeN)I=CCX(MN)SCCX(NJN)ISECI(MN)*
LIXCUMoN)IISUSSX(N NI ENMULP(MN)~CCX(MaNIEMULP(MyN))—(YC(MsN)/(CCY (M
CoNIPECIMINIRIXCININ)) )EMDUP(MsNI+{SSY(MeN)/CCYIM{N))SROT(M N+1)+(D
JELO(MoN)-SWAYINII/XCAUNMNI—({1e0+SSY(MJN)/CCY(MyN))I®(SWAYIN+1)-DELDI(
AM¢N) ) /YC(MN)

FLUPINMoN)I=SXCIM o NIS(CCXINeN)EMLUP (MeN)I=SSXI{M NIEMOLP{MyN))I/Z(LCCX(M,
INJSCOX (Mo N)=-SOSX(MeNIESSX(MN)ISEC(MyNISIXCIMN) )I-ROT(M¢N)+{DELD (M,
ENDI=SWAYIN))I/XC(MN)

RULF(M¢NI=0,0

GC T0O 749

DI=(COX(MIN)IRLCXIMeN)—SSX(MeN)BSSX(MgN) I SEC(MNISIXC (M N)/(XC(M,N)
18CCX(MeN))

DELOD(NGN)=((XCUM NI /YCIMAI IS(MULFIM NI +NMDUP (Mo N)¢PAFE(M N)SSWAY (N
141))=C1e08SSX(MeN)I/ZCCX(MIN) JEMOLPIMN)I-DIRXROT(MNIS+{PAPP(M,N)-D1/X
CCIMeN) I*SWAYIN) I/ (PAPPINNIBIXCUFMsN)/YCIMsN)I®1.0)-DI/XC(MN))

RULP(MoN)I=(SSY(NINIKMDUP(MeN)I—CCY (M NIEMULP (M N) IEXYCI(MeN)/Z((SSY (M,
IN)ESSY(MeN)—CCY (M NIRCCY(M¢N))ISECIM N)IXIXC(MN))

ROLPUIMoNI=XCINNIEMULP(MN)/(CCXIN N)BECIMoNIEIXC(MeN)I-(CCY(M,N)®
IMOUPIMoN)=SSY (MaNIENULP(M N)IEYCIMNIZ((CCY(M{N)SCCY(MyN)=-SSY(M,N)
28SSY(NMeN) I EFC (M NI B IXC(MaN)I—(SSX(MyNI/CCX(MN)IESROT(MeN)+{ (CCX(M,
IN)+SSX(MeN)I/Z(CCXIMeN)EXCINMN)))S(DELD(MNI-SWAY(N) )+ (DELD(M,N)—-Sw
QAY(NS1))/YC(M.N)

KLUP(MN)=0,0

GL YO 749
KOLF(M¢N)=999G .99
RLULP (M eN)=99GCG GG
KULP(M¢N)=9GCG GG
CCNTINLE

CCNYINLE

KFTURM

ENC

SUBRUL TINE CHECK2
COMMOCN/ZAREAL/ AC(94308) 3 IXG(94048)4ZXG(S008)3FYG(Ys08),EG(F+08),

CLDESC(9+04)sLLCES(Se04)+LG(F904)eW(9904)eVWA(D.04),VHB(SG,048),

NFAB(Ge04) +NMFEA(D208) s MFCA(I,08) sMFCB(I,04) MAX(9,04),:MBY(9604),

VWAL (94048) 2 VWBL (G404 )+CAL(F:048)3CA2(9408)sCA3(9+,04),CAS(9,048),

CAG(9404)eCBLIS+08)sCEH2(F904)+CB3(94048),CHES(Y:04),CB6(S,08),

NMEAP (G 4048) ¢ MAEP(G9CA) ¢ NMCAP(F404) e NCHBF(F96048)eXG(9404)eYG(Se08)s

VA(94+08)sVB(S:08)eMA(SF+048):MB(G,04a) .RABP(9,04) sRUAP(9:041),

RCAP(G e08) DELC(9¢04) sRBAFL(9¢048)RCAPL(F+04),RABPL(G404)
COMMUN/ARF A2/ AC(9+4Ca)elIXCL9+048)92ZXCIGe08) ¢RXC(9,08),WC(9,04),

NP U -



nAA

610
€03

620

630

6a0

C O WN -

A-64

FYC(94048) 3EC(F¢048)eCCI9008)¢S5(Fe04)+CCXI(F+04):s55X(9404),
CCY(9408)45SY(G5+08)eCLITT08)CL2(T:04) CLI(F004).CL5(9:04),
CUL(S408)¢CU2(9904)+sCUI(9408)eCUS(9:,04) ¢MD(9:04)MC(9:04),
NULP(90048) o MLUF(9¢04) ¢ MDLP(94048)sMDURP(F¢048) e XC{9:048)eYC(9:,04),
AMP (9408) ¢ VL(FeCO) eVU(F¢04) s NMLIS+04) o MULD+08)+RLUP(9404),
RULP(9404) ¢RCLF(9+08)+DELD(9+04)eL(9)eH(04)+K(S)sSUNVII)IB(100)
COWMNMCN/AREA3/ AE(Sv08:2) oRXB(F¢04,2) ¢FYDB(9:04+2)+EB(TF4044+2),
LB(G00842)¢CD1(9008062)eCD02(F¢0442)+CDI(F6¢04,2)+:CDA(S:08,52),
CC2(9¢04) ¢ PCR(9¢0402)eFB(9:004842)¢FBP(9:04¢2)+FBX(9+044+2)4X(100).
FDES(0A8) ¢ VDES(G+048) s PODES (9D sF (04) ¢P(94+04) +PAPP(94:04)¢VINCR(9404),
RF (300)¢RLL (300D eRP(300)sA(100:+45)sV(A5,45) DETIRINLLIRINFIRINP,
SWAY(04) sROT(904) ¢sDEL(9¢048)¢CDS(9¢0402)eC7(9¢04)¢CB(9+04)sRINV,
RV(300)eVJIT(Se04)eVITL(9+04)+CS(F+04)+C10(9.04)
COMMONZAREAL/ JC(9404)4JG (940833 JB(94044+2) s INDEoMMaNN MMM NNNGIL .
1 NAGNEONCYC o INDIsLLLoNLIND2{9) s LELASToNLAST+IAREA, INDsIREV, IREV2,
2 ISTAE 110612361224 JGL(G204)+JCLIG204)4UBL(F908,2),1134014,115
REAL MA MBI ML ¢ MUGL o IXCo IXGoLLDESSLGILBoMFBAMFAB MFCAJMFCBoMAX,
IMBY o MPAP s MABP s NCAP ¢ NCBP ¢ MULP ¢ BLUF ¢ NDLP s MDUP o Ko MC 4 MD
REAL*8 COLUMN ¢ERACE+GIRDER, IDENT1+IDENT2,I0ENT3,I0OENTALIDENTS

SCNoWN -

BRACIMNG FCORCES

DC 690 N=1eNAN

1=1

DC 640 M=2,MM

IF(JB(MINIT)+EG.G) GO TO 640
IF(JBI(MyN,I)EGe2) GU TO €20

IF(JDIMsN+1)eEQe3) GU TO €30

DI=AB(MeNs I )*EBI(M{N,I)/LBIMsN, 1)

DE=HIN) /LAIMsN 1)

DA=L(M=-1)/LB(MN, 1)

FE(MNoID)=DI# (D2 (DEL(MsN)=DEL(M~1,N+1))+DI*(SWAYI(N)—SWAY(N+1)))

FBX(MeNsT)=FB(MeN+]I)%D3
IF(IELASTEQel) GO TO €4C
IF(IREVe.EQeO) GC TC 520
IF(JEC(MaN.1)eEGel11) GO TO 640

IF{(FB(MeNesT)eCE«Oe0O) GO TO 610

IF(FBUMNLI)+PCFR(MyN, 1)) €05:640,640

JE(MeN,I)=3 . 4

IND=ING+)

WRITE(€4600) M,yh,l

GC TO €40

IF(FE(MeNGI)—FBF(MsN,I)) €40:6404€03

JE(MyN,I)=2

INC=INC+1)

WRITE(64601) Mon,I

GL TU €40

FE(MoNoT)=FHP(MeN, ()

D3=LINV=1I/LB(NMN,T)

FEX{MNeI)=FR{MyN,1)%D3

GC 70 649

FEBIMaN s 1) =—PCR(NMNL 1)

D3=L(M=1)/L0(NN, 1)

FEX{MoNGWIDI=FE(MJNLI)®D3

CONTINLE

1=2

DU 68HC M=) ,¥MM

IF(JB(MeNs ) et DaS) GL TL 680

LF(JBUMINLIT)eEQec) CO TU €60

IFUJEI(NMNGT)eEC2) CC TC 670



~

921

[ X1}

¢S0’

€€2

¢E0

670

680
6%0

€6CO
601

$2s
940
r7¢a
914

S15

DIZALR(MINLT)ISERI(NM NeL)I/LUBIMINGT)

D2=H(MN)ZLBINN 1)

C2z=L(MI/LBI(NMA,T)

FE(MeNGII=DI2(C28(0ELIMNI=DEL(M*1N+L1))I-DIS(SWAY(NI-SWAY{(N+1)))

FEX(MsNoI)=FEL(MNoI)#*D3
IF(IELAST.EQe1) CC TG EEC
IF(IREV.EQ.0) CC TC 521

IF(JB(MsNol)eFCell) GC TL 680
IF(FB(MyNs1)eCE0e0) GC TC 650
IF(FE(M NI )I¢PCR(MsNs1)) €45:.680,680

JE(MNI)=3

INC=INC+1

ARITE(64600) Moyl

GC TU €80

IF(FB(M N I)-FEP(M«Ns 1)) €8Ce 6804652

JEB(M A, [)=2

INC=INC 1

WRITE(6:601) NMaeNo]

GC TO 680

FE(MeNe 1)=FBF(NN,I)

D3=L(NM)/LB(MNLI])

FBXIMsN oI )=FB(MN,1)%D3

GC TO 680

FBIMeNoI)==FCh(MeN, 1)

D3=L(M)/LB(MsN,1)

FEX(MeNo I)=FB(MeNI)%D2

CONTINUE

CCNTINUE

IF(INC6.EQ.2) GC TO 708

FORMAT(LIHO +SrHERACE +313,11HREACHED PCR)

FORMAT(1IHO ¢ SHERACE 43134 I6HYIELD IN TENSION)

WRITE(6.+914)

DOC G940 N=1.NNAN

00 935 M=2,MM

1=1

IF(JB(MNsI)EGeS) GO TC 935

WHEITE(64915) MoNoJToFBI(MiNeI) s IBINs NI )oFBP(MeNgI)ePCRIM(NGI) FBX(M

eNel)

CCATYIMLE

DC 939 M=] MMM

12

IF(JBI(M N 1) etQeS) GG TC G39

WRITE(G64915) MM 1eFBIMINGI)sJBINGNsI)sFBPIMNGI)ePCRIM(NGE) FBX(M

1eNel)

CONTINLE

CONT INLE

CONTINUE

FCRMAT(1HO s C4HEKACK FORCE HINGE FPL PCR
FXx)

FOCRMAT(IH o313 eSXoFle241603(5XeFH2))

SFEAR (HECK

WRITE(€460)

DC 80 N=z=2,NN

SE=0.0

DC €4 M=) MM
IF(NJECONN) GC TC €2
SB=SBEVU(MN=-1)4VLIN,N)
GU TO ¢ao
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SE=SB4VU(M(N-1)

CONTINUE

DC 75 Mz=2 MM

IF{N.EQeNN) GL TC 72

SH=SB-FEBX(MsNes1)+FBX(M¢N—141)

GC YO 7%

SB=SO¢FBX(MN~-141)

CCNTINUE

DC 76 M=) MMM
IF(N<EQeNN) GL TC 73

SE=SAIFBX{MsN,2)-FBX(MsN-1,2)

GC YO 7€

SB=SB-FBX(MasN—1.2)

CONTINUE

SE=SB+F (N}

WRITE(64:66) NoEP

CONTINUE

FORMAT (MHO +29+-FLCCGR LEVEL SHEAR BAL ANCE)

FORMAT(1IH +1€s11X9E11048)

RETURN

END
SUBKROLTINE HREV

CCMMON/Z/AREALY/Z AC(9404)9 IXG(9404)9ZXG{S0048)+FYG(F4604)EG(94+04),
OLDES(9¢04) s LLDES(9904)4LG(9048) s W(F408)VHA(9,04),VWB(9:04),
MFAB(G404) s MFBA(Ge04) e MFCA(G404) sMFCBID+04) sMAX(9:,04),MBY(9,048),
VWAL (9404) s VWBL(9404)+sCA1(9404)+CA2(3408)+sCA3(G+04)sCAS(F,04),
CAE(F408) ¢CB1(9¢04)¢CB2(Y+048)+CE3(9¢04)sCR5(9504)+CBE(F+048),
MBAP (9¢04) s MABP (9404 ) sMCAP(9404) s MCBP(94048) 4 XG(F+04)4YG(Ge04),
VA(9404)eVB(SG+04)eMA(9:404)sMB(S+04)sRABP(9:04) RBAP(S+04),
RCAP(9,04) DELC(9404) +RBAPL(9404)sRCAPL(9+04)RABPL(9.04)

COMMEN/ZAREAZ/ AC(Ss04)sIXC(9+04)e2ZXCU9+04) RXC(G+04)WC(9,04),
FYC(94048)+EC(TI048)sCC(9+08)¢S55(9:04)2CCX(F908),SSX{SGe048),
CCY(Ge048)e5SY(S404)eCLI(T9e04)sCL2(F:04) +CLI(9,048),CLS{9+048),
CUL(G408),CU2(9+048)sCUI(G+04)sCUE(F+048)sMD(F404)eMC(9,048),
NULF(9+04) o MLLF(99048)eMOLP(9404)sMDUP(99048)eXC(9404)sYC(Se04),
XMP(Ge04)eVLITFe04)sVUI9904) eML(Ye048)MU(IF:08)eRLUP(9,04),
RULP(F¢048) e RCLP(9508)¢DELD(I404)sL(S)eHI04) K(G)4SUMV(9)B(100)

COMMEN/ZAREA3/ AB(9+06442)+RXB(9104842)eFYB(96044+2)eEB(Fe04842)s
LB(94¢03+2)+CD1(F9404+2)eCD2(F+0402)¢C03(F,08,2)4+CDE{F+04,2),
CC2(9408)sPCR(95044+2)sFB(9404:2)eFBP{S+0442)+FBX(F404¢2)¢X(100),
FDES(04) e VOES(G404)sPDES(9)sF(04)sP(9:04) +PAPP(9404),VINCR(G,04),
KF(3C0)sRLL(I00)IsRP(300)+sA(100645)9sVI454845)sDETRINLLRINFLRINP,
SWAY(048) 4ROT(IF404)s0EL(9008)sCD5(9+0492)3C7(9¢04)+sCBI9,048)RINV,
RVIIC00)oVIT(9sCA) o VUTL(G9048) +C9(9+048)4C10(9,04)

COMMCRN/ZAREAG/ JC(SG408)4JC(9408)+3JB(9¢0442) s INDOEGMMeNNMMMoNNN,IL o
NAGNE SNCYCo INDI +LLLs ML s IND2{D) s IELASTINLAST . IAREA, INDy IREV, IREV2,
ISTAP 110411141129 JGL(G9¢C4)eJCLLG+08)4JBLIIV04+2)4113e114,115

REAL MA MBI ML o MUSL o IXCo IXGoLLDESsLGeLEIMFBAMFABMFCAMFCB.MAX,

MEY ¢ NEAP ¢ MADR ¢ M(AP s MCEPR ¢ MULP ¢ MLUF s MDLP ¢MDUP oK ¢ MC 3 MND

HEAL®¥E COLUMNGBFACE oGIRUDERSIDENT L2 IDENT2,IDENTI L, IDENTALIDENTS

GIROEFRS

IKEV=0

DC 200 N=2,4,NN

CL 119G Nz MMM
IFLJGINeN)eFECel) GC TC 1499
IF(JG(M NI e GQalC) GC TO 1G9
IF(JGIMeN)WtCell) GC TC 199
IFCJGINMN) ot Cel?) GL TL 1G9



70

117

119
€8

120

12¢

75

IFLJG(MoN) et Ge2) GG TC 11€
IF(JGIMN)EQeS) GC ¥C 11E€
IFLJGIMN) sEQe6) GC TC (1S
IF(JIGI(MIN) L. Celd) GC TO 11€E
IF(JOIMeN)EGCal€E) CL TC 115
GC 7O 120

IF(AGI(NMoN) eECe—140) GC TC 20
IF(F(N)eGEeOs0) GC TU 7C
IF{ILeLELTI10) GU TC 12C

IF (HAEE(MoeN) $RABFL(NMoN) oL Y40.0) GC TO 110

DI=SABS(RABP(MeN))
C2=ABS(RABPL(NM,N))
IF(CleGECD2) GG TC 120
WRITE(E+99) M,N

IREV=]REV¢]
IF(JGIMIN)eECe2) GC TC 116
IF(JG(MIN).EQe5) GC TC 117
IF(JGIMN) et Qe€) GC TC 118
IF(JG(MsN).EQel4) GC TC 119
GG TO 120

JG(MeM)=10
DIZEGIMNI®IXGINMIN)/LG(MLN)

CAG{MeN)I=MABP (MoN)=NFAB(MeN)—D1%((4,043,0%WC(M,N)/LGIMN))ISROT(M N
114026043 ,0¢WCIMILINI/LGIMN) ISRCT (M1 4N)—~605(DELIMELoN)=DELI(M,N))
2 /LGI(VMN))

CBOE(M¢N)=2.,0¢C1*RABP(M,N)

C7(MeN) =MABP(NIN)I-0.SINRAP(NIN)40SEMFBA(MN)I-MFABIM,N)I+D1*{3.0%(
IDEL(ME1eNI-DEL(MsN))I/LGIMIN)-3.0%{1:040.5%WC(MN)/LGIM{N))ISROT(M,N
2)=1eSE(WCIM+LNI/LGCIMIN)IBROT(ME1,N))

GC TO 120 '
JG{MeN)=13 ’
DI=EGIMN)®IXCANN)I/LGIMoN)

CAG(MaN)=MABP(MoN)—0.SEMBAPIMsN) +0SEMFBAIMNI-MFAB(M N)+D1*(3.0%(
JOEL(M41oNI-DEL(MeN)I/LGIMINI-3,02(1c040e5*WCIM{NI/LGI{M,N))ISROT(M,N
2)=1eS*(WCIMELIN)/LCIMGN) ISRCT(N4]14N))

CE6{(MN)=0.0

GC TOU 120

JGI{MsNI=15
DIZEGI(MN)SIXCINMeN)/XGIM4N)
V2= 160/7(XG(MNISEI4YG(N,N)*23)

DI=MABP(MN) -0 EEMCAP(M N )40 SEMFCA(MIN)I=—MFAR(M NI-D1%((3.0¢1.5%WC

LUMeNDI/XGIMeN) ) SHET(MN)=3,0%(DELC(M,N)
CAG(NeN)=XG(NMN)$238D23D2]

CBOEINMoNIZXGUNM N )EXGIM NI RYG(MN)®D2%D 3

GC T0 120
BRITE(6.88)

FORMAT(IH +*SECCAD HINGE REVERSAL DETECTED AND wiLlL BE

1REV=IREV~1

IF(JGIM N)EC.3) CC TC 125
IF(JG(MIN)EWeS) GC TC 128
IFLJUG(MIN) cEQe7) CC TC 12°%
IF{JGINMIN) sEQe13) GL TC 125
IF{JGIMN) FQs18) GC TC 12€%
GC 710 140

IF(AGINGN) aEGCe—140) GL TC 14D
IFLF(N)4LELO0.0) GL TO 75
IFCILLLESTILO) GL TC 140
IF(RAAP(M NI ®LEBAFL(MN) oL TL.0.0) GC TC
C1=ABS(RDAP(M(N))
D2=AUS(RAAPL(M,N))

A-67

~BDEL(MyN)I/XG(MyN))
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13¢

137

139

140

14%

169
2¢0
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IF(C14GEWaD2) GG TC 140

WHITEC(O+98) MoN

LREV=IREV+1

IF{JG(MN) oEQeI) GU TO 136

IF{JG(M¢ND)EQsS) GO TC 137

IF(JG(MN)eEGe?7) GO TC 138

IF{JGIMeN) sEQe13) GO TC 139

GC TO 140

JGIMeN)=11

CISEGIMeNIRIXCIMyNIZLG(M,N)

CAG(MsN)I=2,0%D1*RBAP(N,N)

CEG(M.N)=NBAP(”'R)—MFBA(NON)—Dl.((2.003.0"C(“0N)/LG(N.N.).ROT(HQN
1)4(ACt3,00WCINEINI/LGIMeN)ISROT(MEL o NI-60%(DELI{MELN)=DEL(MeN))
2/LG(MN))

CT(Msh) =MUBAP(MoN)—0oSEMABP(MeN) 0. SEMFAD(MN)—MFBA(M N)SD1$(3,0%(
IDEL(M+1 oNI=DEL(MIN)DI/LGIMoN)I-3.0%(1.040SEWCI{M+1sN)/LG(MsN))*ROT(M
241eN)=1S*INCIN NI /LGN N)ISROT(MN))

GC YO 140

JC(MN)I=14

DIZEGIMsNI*IXGINNI/LG(MN)

CA6{MIN)I=0.0

CEb(M.h)=MuAP(M.k)—o.Stuﬁep(N.N)oo.stnFAE(M'N)—MFBA(M.N)0010(J.ot(
lDEL(Nol.N)—DEL(M.N))/LG(M.N)—B.O#(l.OOO.SONC(Mfl-N)/LG(N.N)DOROT(H
C+1oN)I=1e5%(WC(MsN)I/LGIMN))ISROT(MN))

GC ¥0 140

JG(MsN)=17

CIZEGIMN)I*IXC{MsN)/YC(MyN)
02=1e0/(XGIMN)*234+YG(NM,N)323)
D3=NU‘P(M.N)‘OQE‘MCBP(NvN)—NFBA(MvN)*O.S‘MFCE(MnN)‘JQO‘Dl‘((l.o’o-
15‘UC(PQI.N)/VG(NQN))‘ROT(MOI.N,-(DEL(MQI'N,-DELC(MuN))/YG(M'N’,
CA6(NMIN)=XGI(MNIRYGIMN)RYG(M,N)%D22D3
CHOE(MINI=YG(MaN)*232D2¢DI
GC 10 140

WKITE(E.88)

IREV=IREV~1

IF(JG(M,N)EQed) GL TO 145
IF(JG(MIN)LQ.€) GO TC 18S
IF(JUGIMIN)eEGe7) GG YO 14F
IFLJOG(MN)atGelE) GC TC 145
IF{JG(M¢N)eEGel17) GL TC 145

GC YO vy

IFLRCAF(MoNIXRCAFLININ) oL Te040) GC TO 150
DISABS(RCAP(NMNN))

ND2=ALS{RCAPL(M,N))

IF(B1.GELD2) GC TC 199

WHITE(EsI97) MoN

IF(JGIMND) eECed) JUGI(MN)=12
IF(JCIMIN)eEQe€E) JUGIMsN)=1E

IF(JGIMeN) etUWe7) JGIM,N)=18

CONTINLE

CONT INUE

tORMAT (1O "FINCE KEVERSAL LEFT END CGIROER,%Z1S)

FURMAT(IHO. *HINCE REVERSAL RIGHT END GIRDEF ,%215)
FORMAT(IHO s *HINCE REVEKSAL INTERICKR GIRDERL'Z1S)

CTAGUNAL BRACING
00 20C N=14NNN

DL 709 Nz2, MM
IF (O AM NS L) eFGed) L TC ZOS

[E——

i el




FILE

208

249

2895

2€0

299
ico
Gl
s2

."‘\"69

GC TC 249

DISAE(M s Nol ISEB(NMIN1I/LB(NNG1)
D2=r(N)}/LB(MN, 1)
D3=L(M=1)/LE(NMeN])
Caz=DI*(D2S(DEL(NN)—DEL(M=]1N+1))403*(SWAY(N)-SWAY(N¢1)))
IF(DA4PCR(MsNs 1)) 249,246,210
WRITE(E+91) WN,h

IREVE= JREV+]

JE(MeNVID=11

CCNTINLUE

DC 299 Mzl MMM
IFCJIBE(MNG2)etQeI) GG TC 255

GC TO 299
CI=AB(NMINe2)ISEB(N N2 )I/LB(MeN2)
D2=HIN)/LB(M N 2)
DIA=L(MI/LB(MIN,2)

D4=01%(D2¢ (DEL (M N)—DEL (M1 eN+1))I-D32(SWAY{N)-SWAY(N+1)))
IF(D44PCRIMINI2)) 26G,265+260
WRITE(6.92) MoN

IREV=TREV+]

JE(MeN,2)=11

CONT INUE

COUNTINUE

FCRMAT(IHO . *BRACE ELASTIC®*¢s2i4+* 1°)

FCRMAT (1HO+ *ERACE ELASTIC®*.214,* 2°)
RETLUFN
END
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A.5 Accuracy of the Computer Solution

Each time the simultaneous equations_were solved and the
moments and forces determined, a check was made on the accuracy of the
results. The horizontal forces in each story were summed, and the
resulting errors determined. For the twenty-four story braced frame,
the maximum error in the shear balance in any story at a load factor
of 1.30 was 0.16% of the applied horizontal load using single pre-
cision arithmetic, (6 significant figures), and 0.03% using double
precision arithmetic, (15 significant figures). These errors are well
within acceptable tolerances.

In addition, the deflected shapes of the structures were
examined at various stages in their respective loading histories, to
check the "reasonableness" of fhe solution. In all cases individual
displacement quantities increased in a regular fashion, and agreed

with known structural behavior.
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