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Abstract

The desire for more efficient and realistic stxuctural design
of plane steel frames has brought Elastic methods of analysis to the
fore. Though not commonly used in Sbuth Africa, plastic methods have
been adopted elsewhere, particularly in the United States. An in-
cremental approach is presented, leading to the determination of the
collépse load of a structure and its consequent design. The structure
is then analyéed using deformation theory analysis, and the results
are checked using the A.I.S.C. xecqmmendatiqns, a summary of which
is presented. A computer prégram which automatically executes the
design and analysis of any plane steel frame is included, and some of

the results obtained from the program are presented{
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CHAPTER 1

Introduction

1.1 Historical Remarks: 1.1, 1.2, 1.3

The scientific study of plasticity of metals had its beginnings
in 1864 when Tresca published the results of his experiments in
punching and extrusion, and postulated a yield condition for the
continuum problém. + Previous work by'Coulomb (1773), Poncelet (184O)A
and Rankine (1853) was confined mainly to the behaviour of soils.

St Vendnt (1870), using the yield condition given by-Treséa,
introduced constitutive relatigns for rigid, perfectly plasﬁic materials
in plane stress. Levy (1870) generalized this relation t¢ three
dimensions. For the next thirty years little significant progress
was made. | o

The first reference to the plastic behaviour of structural
members (beams) was made by Ewing (1899)1'4'who discussed the influence
of bending beyond the elastic limit on the distribution of stress and
presentéd stress distributipns closely resembling those currently used
in simple plastic theory. Ewing further pointed out that the bending
moment which will 'break a beam’ cannot‘be calculated by the usual
elastic stress formula (M = gy/I, where M is the bending moment,

g is the bénding stress, I is the moment of inertia of the beam and y

is the distance from the neutral axis), because the distribution of
stress assumed by that formula ceases to exist as soon as 'overstraining'
begins. , o

It is interesting to note that the elastician A.E.H. Love
(1892)1'5 recogniséd the undue confidence in elasticity to the neglect
of plastic theory by writing:

'There is no adequate mathematical theory of set or of

after strain, or in fact of any of the phenomena

exhibited by materials strained beyond their elastic

limit ... Yet it is imperatively necessary that effects

which cannot be calculated exactly should be taken into



account in construction, and it is in this sense that

elastic theory is at this time behind engineering practice'.

In the theoretical field the most satisfactory advances being
made were those by von Mises (l9l3)l'l6 who introduced an alternative
yield condition which together with the flow rule of the St. Vendnt-
Levy theoiy provided an acceptable set of constitutive relations.

Between the two wars significant theoretical advances were

l°l7, who interpreted von Mises' purely mathematical

1'18, Geiringer (1930)1'19

made by Hencky‘(l923)
approach, Nadai (1923)1'7, Pranatl (1924)
and Reuss (1932);'20, (1933)1'21. During this period a great deal of
important experimental work was carried out (see, for example, the
review paper by Drucker (1956)l°6). Von Karmen (1925) analysed the
state of stress in rolling, and Siebel and Sachs (1926) put forward -
results for wire-~-drawing. Lode (1926) confirmed the Levy-von Mises
yield criterion to first order by measuring the deformation of tubes
‘under combined tension and internal pressure. - By the early 1930's
a theory had been constructed which reproduced the main plastic and
elastic properties of an isotropic metal at ordinary témperatures
which satisfactorily matched observed results.
- In 1931 Nadai gave the first systematic treatment to the

theory of plasticity 1'7.

Although the relation between bending moment and curvature of
a beam bent into the inelastic range was discussed by Ewing in 1899,

1.8 that credit must go for the first

it is to Gabor De Kazinczy (1914)
research work illustrating the reserve of plastic strength existing

in hyperstatic structures. To him also are due the ideas of the

plastic hinge and mechanism of failure.

The fifteen years after 1940 saw the most intensive period of
development of basic concepts in classical plastic theory. Hill (1950)1'l
and Prager and Hodge (1951)1'9 describe this development comprehensively.
Workers in the field of structural plasticity from 1938 included Sir
John Baker and his pupils Héyman, Horne, Neal and Roderick, all of
Britain, and then, after the war, in the United States mainly at Fritz
Laboratory, Lehigh University in Pennsylvania by L.S. Beedle, G.C. Driscoll,
T.V. Galambos, R.L. Ketter, T. Kusuda, G.C. Lee, T. Lee, L.W. Lu

and B. Thiirlimann.



In 1951, simple plastic theory gained its theoretical foundations
in the form of the two fundamental theorems of limit analysis,

established independently by Greenberg, Drucker and Prager 1.22 in the

United states, and by R, Hill 1.1 in Britain. (It was only in 1960 that
it was learnt that these theorems had been obtained in 1938 in the

1.23

Soviet Union by Gvozdev’ ). Application of these theorems to beams

and framed structures were given by Beedle, Thurlimann and Ketter

(1955)1'10, Heyman (1957)1'11, Massonnet and Save (1965)1'12'and Baker

and,Heymanl(l969)l'l3.

' In 1953 the European Committee on Concrete, then in 1955,
the European Committee for Constructional Steelwdrk (E;C;C}S.) were
set up, and brought powerful support to the acceptance of plastic theory
in practical structural problems. The former committee immediately
adopted the theory of limit states as the basis of its work, whilét
the latter accepted it in 1968. ’ '

As early as 1948, the British Standard (BS 449) made provision
for plastic design under Cl 29(c) (Fully Rigid Design). The revised‘
1969 edition states (ClL 9(b) 3):

‘Alternatively, it (the design) shall be b&sed on the

principle of plastic design so as to provide an adequate

load factor, and with deflections under'working loads not
‘ in excess of the limits implied in this British Standard'.

The apove paragraph coincides verbatim with the 1948 provision.

Between 1961 and 1962, Spain, India and U.S.S.R. included
plastic design in their standard'specifications by making general
provisions similar to BS 449. In l963_the United States followed =
suit. The major drawback for design enginéers was the lack of detailed:
guidelines and consequently the engineer had either to justify his
plastic design by personal research, or revert to elastic»codes. ‘

In February 1969, the American Institute of Steel Construction
introduced detailed specifications for plastic design 1'14; The
code included detailed provisions for beams and girders, one and two
storey buildings and a few applications to braced multi-storey frames.
This code, wifh the Canadian recommendation (CSA 516 (1969)) are the
most comprehensive in the western world to date. = Because of this,

the writer has adopted it as a basis for the design examples in this

thesis.



In December 1975 the plastic design section of the
recommendations of the E.C.C.S. was finalised and adopted. At
the time of writing, most industrialized western nations have general

provisions, similar to BS 449, included in their specifications.

1.2 Structural Design and Plasticity:

An engineering structure is satisfactorily designed if it can
be built to the required economy, and throughout its expected life
is able to carry the anticipated loads and perform its intended
function.

The design of a steel frame can be based on a number of criteria

which constitute a ‘limit of structural usefulness’. These are:l'15

i) Hypothetical attainment of a specific minimum yield point stress
ii) Attainment of maximum plastic strength

iii) Excessive deflections

iv) Buckling and instability

v) Fatigue

vi) Fracture

Item (i), with item (iv) and (v), formed for many years the basis
for design which used the 'allowable stress' concept. Although
any of the above six criteria could be used as a basis for 'limit
design', the term is usually applied to designs based on item (ii)
together with item (iv).

Plastic design embraces primarily item (ii), and is based on
the maximum load that a structure will carry as determined from an
analysis of strength in the plastic range.

'Allowable-stress design' however is based on an analysis of
the structure at working loads with the restriction that the yield
stress, divided by an appropriate safety factor, must not be exceeded

anywhere in the structure.



1.3 The Load Factor

In steel structures designed by the classical (elastic)
methods, maximum stresses under service loads are constrained not to
exceed an allowable working stress, given by the yield stress divided
by a safety factor. The classical approach thus postulates that the
structure is unserviceable if the yield stress divided by a safety
factor is exceeded anywhere in the structure. )

‘Plastic analysis, however, assumes that the structure is
unserviceable when the applied loads reach a value corresponding to
the maximum plastic strength of the structure.

The important consideration in an engineering structure is
not whether the yield stress is exceeded at some point, but whether
the structure will carry the intended loads or perform its intended
function. There is thus really no reason for assuming that the
stress in a structure should never exceed the elastic limit. Indeed,
in almost all structures, local plastic flow will occur in some points
where concentrated loads are applied, and where points of discontinuity
in geometry occur. Furtheiméfe, residual stresses as high as half
the yield stress may already be present in some elements as a result
of the manufacturing process, before loads are ever applied.

The criticism is reinforced when one considers that stresses
calculated in the orthodox design method are largely fictitious,
because of the assumption that joints and foundations are either
rigid or incapable of transmitting bending moment.

Suppose a structure is initially unstressed and that a set of
loads W produces a maximum elastic stress g. Suppose further that .
the set of loads AW (where A is greater than unity) produces a maximum
elastic stress ug. The factor A is termed a load factor, while
is a stress factor. If the relationship between load and stress is
linear throughout the structure up to the load AW, then A equals yu.
This equality does in general not hold for the reasons cited in the
previous two paragraphs.

The most important cause of inequality between the factors
results from the non-linear stress—strain relationship of steel when
the structure is loaded until yield occurs. Plastic theory enables
the ratio of the collapse load to a load producing some given extreme
fibre stress to be calculated. This collapse load factor is unique

to the structural configuration under consideration and to the loads



to which that structure is subjected. The concept of a safe stress
is by itself misleading and a more general load factor approach

is preferred.

Baker, Horne and Heyman cite the load factors implicit

in BS 449 as being:

Si) 1,75 for the most adverse combination of dead plus
superimposed load

ii) 1,4 when wind loads are included with the dead plus
superimposed loads.

The A.I.S.C. code is less conservative in this respect, and
specify (Section 2.1) load factors of 1,7 and 1,3 for dead plus live
loads, and dead plus live plus wind loads respectively.

The most advanced concept proposed to date is that of partial
safety factors, where the Strgcture is designed to support the '
external loads after its member strengths have been multiplied by an
actual safety factor, which reflects the measure of 'uncertainty'’
associated with a material. CP 110 for example, which is commonly
used for concrete structural design in South Africa, use 1,5 for
concrete and 1,15 for steel, but permits these valﬁes to go as low as
1,3 and 1,0 respectively (Cl 2.3.3.2).

This concept has been incorporated in the Russian codes for
several types of structures (steel, wood, plain concrete, stone,

reinforced concrete and prestressed concrete).
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CHAPTER 2

The Conventional Simple Plastic Design Method

2.1 The General Agproach:-

‘ The conventional simple plastic design procedure, as applicable
to plane frames, is well established (see, for example, Baker, Horne

2.1, 2.2, 2.3 2.4

and Heyman, Massonnet and Save, and Plastic Design

in Stee12’5). It has however still to gain general acceptance in
South Africa. The procedure will be briefly discussed here.

The geometry of the structure, with boundary conditions, is

3

giveh, as are the working loads, consisting of dead loads, superimposed
| loads and wind loads. Loads may act in various combinations leading
the designer to choose those combinations which are potgntially critical.
Load factors are then assigned to each load combination, either
according to a chosen specification or at the desigher's discretion.
The structure is then designed such that flow will not occur when it
is subjected to any of the potentially critical factored load cases.
" A conventional steel structure is composed of piecewise

uniform members. If the section size for each member can be chosen in-
dependently, the choice of member sizes involves an optimization process
with some design objective. While optimal design procedures are
~available, they are based on the criterian of least mass, without
regard to such practicalities as cost of joints, ready availability of
certain section sizes ahd other practical considerations.

In simple design procedures only one absolute parameter need
be chosen. In this work the proportions of the structure is fixed by
defining the relative magnitude of the yield moments of the structure's
constituent members. The procedure is disadvantageous in that alter-
native designs may not readily be compared. However, by reproportioning
and reanalysing the structure, design alternatives may be examined.

The simple limit analysis approach is conventionally used to
determine absolute member sizes. The structure is analysed under each

of the potentially critical factored loading'cdnditions, and for each
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load case the minimum plastic moment for which flow does not occur

{(or just occurs) is determined (unaccelerated plastic flow). The
parameter 'plastic moment is thus assigned an absolute value for each
potentially critical load case, and the largest plastic moment (parameter)
is chosen as the criterion for design. It is assumed that flow occurs
as a limiting case under the critical load case, but not for others.

Implicit in simple limit analysis is a number of simplifying
assumptions.. The analysis assumes that:

i) Axial'forces and shear forces do not influence the plastic
moment of the section

ii) The section is capable of developing the full plastic moment, and

iii) Instability effects are not significant

The classical small displacement assumptions are implied.

The validity of these agsumptions must be established'in any _
simple plastic design, and if approached from first principles, require
calculations of considerable complexity. Most designers do not have
the relevant'literature readily available.

A parallel situation occurs in the classical elastic approach.
In this case, however, the designer has recourse to the design codes,
which, when applied, ensure that the corresponding elastic design
assumptions aré satisfied.

With regard to plastic design, codes rarely provide the detailed
information required. The British Standard BS 449 for instance,
which is normally followed in South Africa, gives no recommendations
at all,.besides requiring that the load factor be adequate, and that
deflections be within the limits stipulated by the Standard.

The A.I.S.C. specificatic>n52'6 contain detailed recommendations
for plastic design and have been adopted in this work. The code,
adopted in February 1969, is accompanied by a commentary which amplifies
its theoretical and philosophical basis.

As the A.I.S.C. code may be unfamiliar to designers accustomed
. to BS 449, a summary and commentary on its provisions relevant to

plastic design is outlined below.
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2.2 The A.I.S.C. Recommendations: Plastic Design

The code is divided into two parts. Part 1 deals with
specifications for elastic design, and Part 2 exclusively with plastic
design, as applicable to one and two storey frames (so called low
buildings), beams and girders. It is born in mind that Part 1 is
still applicable unless overridden by the provisions of Part 2. Where
applicable, units have been metricated. All references below refer

to the A.I.S.C. specifications.

2.2.1 Deflections (Section 1.13.1)

As in BS 449, the code requires that the designer pay "due
regard" to the deflections produced by the design loads. Beams and
girders supporting plastered ceilings shall be so proportioned that the

maximum live load deflection does not exceed 1/360 of the span.

2.2.2 The Load Factox (Section 2.1)

Design is on the basis of a "rational analysis" of the structure
at ultimate limit state. The structure must be proportioned so as to
carry 1,7 times the given live plus dead loads, and 1,3 times those loads
acting in cdnjunction with 1,3 times any specified wind or earthquake
loads. The'above load factors have been adopted for the present

work, although the designer may adopt others at his discretion.

2.2.3 Columns (Section 2.4)

In the plane of bending of columns which would develop a plastic
hinge at ultimate loading, the slenderness ratio (%/r) shall not exceed

Cc’ where

2 |
c = J3nE ‘ (2.1)
c o _

y

where E is Young's Modulus (MPa) and oy is the yield stress (MPa)



o
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Equation (2.1) is based on elastic column design considerations and
implies that the maximum axial stress in a column will not exceed
half of the ultimate axial stress for a specified ¢/r ratio.

2.7, 2.8 that column failures occur

Experimental data has shown
at stresses above %Pcr (Figure 2.1), even when such factors as eccentricity
of the column and loading, and residual stresses are taken into account.

The above provision assumes that the column is adequately braced

laterally (see Section 2.2.6).

104— —~
~ < Column Researchh Council
~ - Des\'%n curve
L ~
~
N
| N
N
=
L
0§ b— Euler curve
4 N
A Fl 1 A 1 (] II 1 i 1
(o) 10 2:0
r-[FF)/E
Figure 2.1 " E

For members subjected to axial compression loads only, the maximum force

in the member permitted by the code is:

Pcr = 1,7A0a (2.2)v

where A is the gross cross-sectional area of the member, and
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2
[1 _ /) ] 5
2¢2 y
ag = c (2 3)
a 5 , 3/x _ (&/n)3 :

In this expression %/r is taken as the larger of (Z/ry) or (kl/rx), where
ry is the radius of gyration about the weak axis
r. is the radius of gyration about the strong axis
(the web is assumed to be in the p;ane of the frame)
and k& is the effective length of the member
A variable factor of safety has been applied to the estimate of the
maximum allowable column compression force in order to obtain permissible
working stresses. For very short columns this factor is taken as equal
to, or only slightly greater than, that required for members axially loaded
in tension (oa = O,6oy). This can be justified by the insensitivity
of such members to accidental eccentricities.

For longer columns, approaching the limiting slenderness values
given by equation (2.1), the factor increases by some 15%. In order
to provide a smooth transition between these limits, the factor of safety
has been arbitrarily defined by the algebraic equivalent of a quarter
sine curve, whose abscissas are the ratio of kf/r values to the limiting
value Cc (equation (2.1)). The ordinates vary from 5/3 when k&/r = O
to 23/12 when k&/r equals C.- The curve is represented by

equation (2.3). (see Figure 2.2).

] 05 1.0

Figure 2.2 C.
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Members subject to combined axial loading and bending moment

shall be proportioned as so to satisfy the following interaction

formulae:
CM
£ 4, —2 < 1,0 (2.4a)
g 1-2)m ~
cr P m
e
and P M
' = —— : < .
B 1 16M < 1,0, M < Mp (2.4b)
y p
where M is the maximum applied moment
P is the applied axial load )
’ EA
P is the Euler load = =
e (k&/x )2

Py is the maximum axial force under conditions of zero moment, i.e.
P = g .A ' (2.5)

Cm is defined as follows:

i) ‘For compression members in frames subject to joint translation
(sidesway)
c = 0,85
m .

ii) For restrained compression members in frames braced against

joint translation, and not subject to transverse loading between
supports in the plane of bending:
Ml _ .

C = 0,6 - 0,4 —— ; but not less than 0,4

m , M, "
M ' |
E—-is the ratio of the smaller to the larger moments at the

ends of'tﬁat portion of the member under consideration which is unbraced
.in the plane of bending. The ratio is positive for double curvature
and negative for single curvature.

iii) For compression members in frames braced against joint translation

in the plane of bending and subject to transverse loading between
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their supports, the value of Cm may be determined by rational

analysis. In lieu of such analysis, the code permits either:

a) Cm = 0,85, for members whose ends are restrained
b) Cm = 1,0, for members whose ends are unrestrained.
Mm is the maximum moment that can be resisted by a member in

the absence of axial load. For columns braced in the weak direction

(that is, if the lateral buckling requirements of Section 2.2.6 are

met), then
M = M (2.6)
n p

For columns unbraced in the weak driection:

(l/ry) Voy .
Mm = 1,07 W Mp f_ Mp (2.7)

where oy is the yield stress in MPa

Equation (2.7) was developed empirically on the basis of test observations
and provides an estimate of the critical buckling moment, in the

absence of axial load, for the case where Ml/M2 = - 1,0. For other
values of Ml/MZ’ adjustment is provided by using the appropriate Cm

value in equation (2.4a) as defined above. The relevance of equation
(2.4a) is amplified below.

The application of moment along the unbraced léngth of axially
loaded members, with its attendant axial displacement in the plane of
bending, generates a secondary moment equal to the product of resulting

ieccentricity and the applied axial load, which is not reflected in
~ the computed bending stress. To provide for this added moment in the
design of members subject to combined stresses, equation (2.4a) requires

that M be increased by the factor;

P
(1 - 5*0
e

the terms of which have been defined above.



e

le.

Depending on the shape of the applied moment diagram, this
factor may overestimate the extent of the secondary moment. To
accommodate this condition the amplification factor is modified, as

required, by a reduction factor Cm.

If the limitation on the slenderness ration outlined in Section
2.2.6 are exceeded, a danger arises in that the rotational capacity of
a member may be impaired, due to the combined influence of tortional
and lateral deformation, to such an extent that a plastic hinge cannot
form, The‘limiting value of the combined stresses in this case is
given by the interaction expression, equation (2.4b), which is

represented by Figure 2.3

10—
osh
A
05 10
2
?3
Figure 2.3

If the computed value of M is such that the limitations of equations
(2.4a) and (2.4b) are satisfied, then a member is considered to be
strong enough to function at a joint where the hinge action is provided
by another member entering the joint. An assumed reduction in
moment resisting capacity is provided for by using the wvalue Mm

(equation (2.7)).
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2.2.4 Shear and Web Crippling (Section 2.5, 2.6)

Webs of columns, beams and girders, unless reinforced by

diagonal stiffness, shall be proportioned so that:
s < 0,55 oyad ‘ (2.8)

where S is the shear force in Newtons
oy is the yield stress in MPa and
a,d are defined in Figure 2.4, and are measured in millimetres
] 3 1 |

{ J 7

1 J

- Figure 2.4

Using the von Mises criterion, the average shear stress at

which an unreinforced web would fully yield in pure shear is:

O,

T = XL (2.9)

Y /3
The plastic bending strength of an I-or H-shaped section is not
appreciably reduced until shear yielding occurs over the full effective
depth. The full effective depth of a section is defined as the distance
between the centroids of its flanges, or 0,95 times the actual depth.
Thus '

A
O
5
-
Q
V]
Q
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If the shear force on any section exceeds this amount, the code
requires that a pair of diagonal stiffeners be inserted. Alternatively
reinforcing plate in contact with the web panel must be welded along its
boundaries to the column flanges and/or horizontal stiffeners.

The code emphasises that web stiffeners are required at plastic
hinge locations, or points of load application where plastic hinges are
expected to form (for example, where large point loads are applied).

The effective ultimate moment of an unstiffened section subject

to sheax force and bending moment is given by:

Z
eff _ _ _bw _ _ (S 2
M = a2 |1 7 (-4~ sp) ) (2.10)

where Zp is the plastic section modulus

pr is the plastic modulus of the web and

a(d - 2t)2
A = —
pw 4

2.2.5 Minimum Thickness (Width-thickness Ratio)  (Section 2.7)

Webs -and flanges of I- and H~ sections must have sufficient thick-
ness to permit the section to undergo hinge rotations large enough to
allow the hinge of the collapse mechanism of a structure to form without
reduction of the plastic moment due to local instability. To ensure

that this condition is met, the following provisions must be satisfied:
(a) Flanges
The width to thickness ratio for flanges subject to compression

involving hinge rotations under limit conditions shall not exceed

the values given in Table 2.1, below:
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oy_(Yield Stress in MPa) %
250 17
290 16
320 14,8
345 14
380 13,2

Table 2.1

Any section which does not fulfil these requirements may not be used

‘for plastic design.
(b) Webs

The depth to thickness ratio of webs, d/a, is restricted as

follows:
i) ‘For sections subject to axial compression alone:
_g. < &80 (2.11)
Vg
Y
ii) For sections subject to pure bending:
a4  11% (2.12)
a . Yo
Y
iii) For sections subject to combined bending and axial compression:
da 1 100 N N
a = (1 - 1445 for o= . 5,265 (2.13a)
O'y o) Pr —
S . 22 for =~ > 0,265 (2.13b)

o N
O‘y P
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In the above expressions:
oy is the yield stress in MPa
N is the axial load

Np is the squash load in axial compression, and

N = gA where A is the gross cross-sectional area
P Y . of the member

Considerable researchz'lo has been required in order to define
limiting flange and depth to webthickness ratios below which ample
plastic hinge rotations could be relied upon without reduction in
the elastic moment due to local buckling.

Table 2.1 and equationé (2.13a & b) are obtained from observed
results, and, with minor adjustments, are identical to the provisions
of the 1963 A.I.S.C. code. (The 1963 formulae are merely multiplied
by the factor /53676;} where oy is in MPa, in order to cover the accepted

range in yield stresses).

2.2.6 Lateral Bracing (Section 2.9)

- e e e o o

An I- section, particularly when loaded into the plastic range,
may buckle out of the plane of bending.

The code requires that members be adequately braced to resist
lateral and torsional displacements at plastic hinge locations. The
laterally unsupported distance from such braced hinge locations to
similarly braced adjacent points on a member or frame shall not exceed

the value determined by equations (2.14a & b).

L
cr _ 95% L5 wheni1,0>M »-o0,5 (2.14a)
r o M :
Y Y P
2cr 9 500 M
and = = - when - 0,5 > & > - 1,0 (2.14pb)
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r is the radius of gyration of the section about its weak axis
cy is the yield stress in MPa
M is the lesser of the moments at the ends of the unbraced length
and M/Mp is the end moment ratio, and is positive when the segment
is bent in double curvature, and negative when in single curvature

The foregoing provisions do not apply in the region of the last
hinge to form in a failure mechanism, nor in members oriented with
‘their weak axis normal to the plane of bending. The latter provision
is not applicable in this work.

In the region of the last hinge to form, and in regions not
adjacent to plastic hinges, the maximum distance between points of
lateral support is governed by elastic requirements.

The A.I.S.C. elastic limits for the unbraced length are defined
as the lesser of:

, 0,20028.b '
L = e——— (2.15a)

cr /o
Yy
or

5,468 Af
L = e - (2.15b)

cr cy-d
where b,d are defined by Figure 2.4 and are in millimetres
cy is the yield stress in MPa
Ap is the area of one flange in square millimetres
Equations (2.14a & b) are empirical expressions. Equation (2.15a)
is derived from consideration of beams subjected to uniform moment and
of average strain hardening modulus of steels employed for plastic design.
Equation (2.15b) is based on the resistance to lateral buckling
offered by St. Venant torsion and lateral bendingz'll,
When both requirements of equation (2.15a & b) are met, beams
with compact sections are insured against overall lateral instability

and local buckling or excessive deformation.
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CHAPTER 3

An Automated Design Procedure

3.1 Introduction

The.primary task in this work is to present a computer program
which automatically carries through the design procedure outlined
in Section 2.1. The program requires as input data the geometry of
the structure with support'conditions, the various potentially critical
load cases and their respective load factors, and the relative sizes
of the structural members (defined by the relative magnitude of the
yield moments of the members).

The program consists of six major blocks:

i) Input data

ii) Plastic analysis

iii) Selection of member sizes
iv) Deformation analysis

v) A.I.S.C. design checks
vi) vOutput

A brief outline of these major blocks is given below.
Input data and output will be fully discussed in Chapter 4 (User's
Manual) . The design process is automatic in the sense that failure
to meet A.I.S.C. design checks leads to the redesign of the inadequate
member (s) . The structure is then reanalysed and checked.

The interdependence of the blocks is presented by means of a
flow chart of the program (Figure 3.1). Alternative modes of

operation of the program are descriped in Section 3.7.
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3.2 Plastic Analysis

In order to determine the limit load of a structure, subjected

to a particular proportional loading condition, the concept of limit

analysis is usually adopted. It is a direct approach whereby the load
factor at which flow in the stxucture will occur is determined. No

knowledge of the stress history of the structure is required, nor need
the elastic properties of the structural members be known.

The basic approaches to limit analysis are the kinematic theorem,
an upper bound approach, and the static theorem, a lower bound approach.

(See, for example, Greenberg and Prager (1952)3'1, Baker, Horne and

Heyman (1956)3'2, Hodge (1959)3'3, Massonnet and Save (1965)3’4,
Prager (1972)>°> and Martin (1975)°°9,

Various hand method have been developed for the solution of
the limit analysis problem. The kinematic limit theorem is normally
applied in the form of the method of combination of mechanisms (Neal
and Symonds (1951) (1952)°°7¢ 3-8

to automation due to the iarge degree of subjective judgement required

). This approach is not suited

of the analyst. Systematic methods have been formulated by Horne (1954)3

and Heyman (1968)3'10. The application of the static theorem usually

takes the form of the method of superimposing states of self-stress,

developed by Heyman (1959)3'1l which is a special form of the method of

minimum weight design developed by Heyman and Prager (1958)3'12.
Although the limit analysis problem was recognized as a linear

mathematical programming problem as early as the late 1940's, it is

only since 1965-1966 that the techniques of mathematical programming

have been applied to practical structural problems, and not those purely

of academic interest. Cohn, Ghosh and Parimi (1972)3'13 demonstrated

that the limit analysis problem, the design problem and shakedown

with simple plastic theory could be formulated as L.P. problems and

~ therefore could be solved in a unified way with standard algorithms.
This numerical approach has a severe drawback when viewed

in the context of the overall design procedure adopted here, in that

the problem is formulated without reference to shear and axial forces,

which necessitates a reformulation when elastic or elastic-plastic

analysis is required in Block (iv), Section 3.1.

9
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In order to overcome these difficulties inherent in the
approaches to the solution of the limit analysis problem previously
mentioned, an incremental approach is adopted. Loads are increased
in a stepwise fashion and the resulting changes in deformation are
computed. The limit load is then the load for which flow is found
to occur. Viewed in isolation, this approach may be less efficient
than a direct limit analysis, but in the context of the program it is
considered.to-be the best analysis procedure.

 Elastic section properties are required for the incremental
analysis but are not known since members have not been chosen at this
point. The limit load is however independent of the elastic properties
and it is consequently adequate to assign arbitrary, but sensible,
numerical values to the axial rigidity and flexural stiffnesses of
the members. N )

An arbitrary value of the full plastic moment is assigned to
one section, and the full plastic moments of other sections are
accordingly assigned to the remaining members of the structure to give
the selected structure proportion. )

The limit load factor (that is, the factor by which the working
loads are multiplied to cause flow) is determined for each potentially
critical ioad case.

The theoretical approach to the incremental problem is described
- in detail in Appendix A. It is based on a theorem by Martin 3'6, and a
solution algorithm suggested for the analysis of a plane truss by

Martin and Reddy (1975)3'14.

3.3 Selection 'of Member Sizes

The incremental analysis provides the designer with a collapse
load factor associated with each potentially critical load case. The
critical load cése has associated with it the smallest of these collapse
load factors. The piecewise uniform members of the structure have
up to now been defined by their respective full plastic moments, the
numerical value of which were arbitrarily assigned, but accorxding to

the preselected proportions of the structure.
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The structure may now be 'scaled up' to real proportions.

The actual full plastic moment required by a member of the structure at
collapse is calculated as follows: The product of the proportional
plastic moment of that member and the load factor associated with that
load case is determined and then divided by the smallest collapse

load factor.

The quotient of the full plastic moment (obtained above)
divided by the yield stress gives the plastic modulus of the section
required. | It then becomes a simple_sorting procedure to choose the
section whose plastic modulﬁs is just greater than that required.

This procedure is carried out for each member. The sorting
procedure is easily automated. For the purposes of this work all
the I-sections listed in the abridged version of the Handbook on
Hot Rolled Structural Steel Sections 3.15 were sorted in ascendihg order
of the magnitude of their plastic moduli. The computer program,
having calculated the plastic modulus required, scans the list of
plastic moduli and selects that plastic modulus just greater than
the one required. That section is then chosen as a membér of the
structure. _ .

The designer may choose to substitute his own set of sections
(for example H-sections, and selected I-sections) from which the choice
of section may be made. This is dealt with more fully in Chapter 4,

User's Manual.

3.4 Deformation Analysis

The structure, now composed of members whose section properties
are known, must be reanalysed under working and factored loads in order
to détermine the deformations and internal forces of the structure.

The problem is no longer one of limit analysis but an elastic
or elastic—p#astic analysis problem with known loading conditions
being applied to the structure. v

3.
Martin and Reddy 16

cite an algorithm for deformation analysis,
which yields a solution to the elastic or elastic-plastic analysis

problem. - The method gives both elastic and plastic deformation in
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the structure, as well as internal forces. Deformation theory
is dealt with in more detail in Appendix B.

Although incremental theory might readily be reapplied in
order to analyse the structure, the writer believes deformation

theory is advantageous in that:

i) It is a 'one-step' solution procedure, and thus converges to
the solution quicker than the incremental approach.
ii) It is computationally more efficient than incremental theory.

iii) It provides a check on the incremental analysis (and vice versa).

It should be noted that incremental‘theory must be used as
the first analysis procedure because the problem was one of limit
analysis, in order to obtain acceptable structural members. Deforma—
tion theory analysis cannot be used effectively to find the load at
which flow occurs. |

The program analyses the structure using deformation theory
for all loading conditions {(not only under the critical load case)
to ensure that deflection requirements are met botﬁ at working and
factored loads under all circumstances.

The results of the analysis of the structure under critical

factored loading are then checked according to the A.I.S.C. specifications.

3.5 The Automated Application of the A.I.S.C. Design Checks

Discussion of the computer application of the A.I.S.C. design
check will follow the sequence adopted in Section 2.2.

Any references given refer to the A.I.S.C. code 2'6.

3.5.1 Deflections (Section 1.13.1)

The computer program has a facility whereby a limiting deflec-
tion magnitude may be placed on any node of the structure. The
program will then automatically compare the deflection at that node both

under working loads and factored loads to the stipulated permissible
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deflection. If the deflection is excessive, the program will comment,
'EXCESSIVE DEFLECTION AT NODE: X' and the analysis procedure will stop.

The designer may then re-examine the structure and decide which
are the most appropriate members to stiffen, and then, with the new

members included, reanalyse the structure.

3.5.2 The_Load_Factor (Section 2.1)
Loéd factors corresponding to the various potentially critical
load cases are read in as data. In the examples presented in Chapter 5

the A.I.S.C. recommendations for load factors have been adopted.

3.5.3 Columns (Section 2.4)

The calculated value of CC {(equation (2.1)) is compared with
the slenderness ratio of each c¢olumn. If the slenderness ratio of the
column exceeds CC, redesign of that member is necessary. The radius
of gyration required by the member is given by the present radius of
gyration multiplied by the factor (l/r)/Cc. The ﬁew member is thus
chosen by finding that section which has a radius of gyration just
greater than the new radius of gyration calculated above. The maxi;;;‘
axial compressive load PCr (equation (2.2)) is compared to the
axial force P in the member. If this value is exceeded the gross
sectional area of the member is increased by the factor P/Pcr’ and a

new member is chosen whose cross-sectional area just exceeds the

increased section. This check is applied to columns only.

Equations (2.4a & b) are applied to columns and beam~-columns.
The value of Cm (equation (2.4a)) is input as data. (See Chapter -4,
User's Manual). Mm {equation (2.7).in equation.(2.4a)) is calculated
automatically. If the requirements of either equation (2.4a or b) are
not met, the program prints: 'INTERACTION FORMULA ONE (OR TWO)
UNACCEPTABLE', and the program stops after completion of the remaining
design checks. No redesign process is included because of the many
alternatives open to the designer when this situation arises. He may
increase the cross-sectional area of the member, increase rxx or

decrease ryy' The change in section is not a linear adjustment as
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in other redesign procedures. The remaining checks are completed
in order to present the deSigner with the performance of other members

of the structure when subjected to the remaining design checks.

3.5.4  shear and Web Crippling Section 2.5, 2.6

The maximum allowable shear force S (equation (2.8)) is compared
to the shear force in each member. If S is exceeded, the program
prints: ‘DIAGONAL STIFFENERS REQUIRED', as the code stipulates.

£f of an unstiffened section subject

If the effective ultimate moment M:
to shear force and bending moment (equation (2.10)) is less than

98% of the yield moment of the section, the program prints: 'EFFECTIVE
YIELD MOMENT UNACCEPTABLE', The structure is then reanalysed using the

effective yield moment instead of the actual yield moment of thaﬁ-member.

3.5.5 Minimum Thickness_(Width-thickness Ratio) Section 2.7

This clause is included for completeness for, in general, sections
not suited for plastic design would not be considered in the first
instance. The restrictions put on (i) %-ratios in Table 2.1,
and (i1) < ratios in equations (2.11), (2.12), (2.13a & b).

i) If such sections are inadvertantly considered, the program prints
'ELEMENT X IS NOT COMPACT AND MAY.  NOT BE USED FOR PLASTIC DESIGN',
where x is the number of the element. After all other checks
have been completed the process will stop. v

ii) Similarly the g-ratio is checked, according to equations (2.11),
(2.12), and (2.13a & b). If the requirements of these equations
are not met, the program prints: '%-RATIO FOR SPECIFIED g
RATIO UNACCEPTABLE' and then ‘'ELEMENT X IS NOT COMPACT P

AND MAY NOT BE USED FOR PLASTIC DESIGN',

3.5.6 Lateral Bracing - Section 2.9

—— o ot s, i e e e i e S

" The critical unbraced length 2cr in equations (2.14a & b) are
calculated and printed for all points in the structure where a plastic

hinge has formed.
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At all other points the elastic provisions concerning lateral
bracing are applied (equation (2.15a & b)). Since lateral bracing
requirements are a function only of the section properties of the structural
members, the applicable critical length defined by either equétion
(2.15a or 2.15b) is printed only once if the structure is uniform.

The designer may then fulfil those minimum bracing requirements by
bracing the structure appropriately.

| At positions of plastic hinges two values of the critical length
are given, for single and double curvature. By consulting the relevanﬁ
bending moment diagram, the designer is able to decide on the applicable

bracing requirements.

\

3.6 A Comment on Output of Design Check Results

Because of the volume of printout required. to present each of
the above stipulations in detail, the writer has included options
‘ in the program whereby the user may choose either a tabulated result of
the design checks, or a full listing (which includes both the minimum
requirements of the code, and the value supplied by the design, together
. with comments) . '

For the reason cited above, only the tabulated version will be
presented in the examples (Chapter 5). This consists of 'OK', 'NO'
or 'N/A' responses to the various design checks if they respectively
"fulfil the requirements of the code, do not fulfil the requirements-of the
code, or if that design check is not applicable to a certain member.

If a member fails to meet a code requirement, the cause will be
elaborated on by~presenting the relevant minimum requirement, together
with the value supplied by the design, with comments.

If all the aforegoing provisions (Section 3.5) are met, the
program will print: 'ALL DESIGN CHECKS SUCCESSFULLY COMPLETED', and

the program.stops.
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3.7 The‘Program'as'an'Analysis'andeesign‘Checking'TOol

Besides being used to design a structure, the program may
alternatively be used purely -for the analysis and checking of an existing
or proposed design.

The user inputs section sizes and various working load cases,
with their respective load factors. The structure is analysed for
each load case using deformation theory, and the results of these analyses
are checked, as outlined in Section 3.2. All analyses are checked because
the critical load case will not is géneral be known. Access to this
facility is discussed in Chapter 4 (User's Manual, Data Input).

The analysis is automatically terminated if the user inputs
inadequate sections which result in a collapse mechanism forming. He

'may then increase his section sizes and submit the probleh for reanalysis. .
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CHAPTER 4

ADPF User's Manual

4.1 General Description

ADPF (Automatic Design of Plane Frames) is a finite element
computér program capable of automatic plastic design and analysis of
plane steel frames consisting of piecewise uniform members, and subjected
to any number of static loading conditions. The program checks the
results of the analysis according to the A.I.S.C. specifications and is
capable of redesigning any member which does not meet the requirements
of that code. A further facility of the program is its ability to
analyse and check an existing design.

The workings of the program are presented by means of a macro
flow chart (Figure 3.1(a)), the contents of which are amplified by
Figures 3.1(b) and 3.1(c).

Numerical results obtained from the program are presented and
discussed in Chapter 5.

A detailed description of the internal logic of the program will
not be preéented here. ADPF is written in modular form, that is, it
consists of a main program and a series of independent subroutines.

The function of the main program is to call relevant. subroutines which
perform the actual analysis and input/output. The subroutines may
act alone or in conjunction with others, each subroutine having a
specific function.

Among the general features of the program are the following:

a) All arithmetic is performed in single precision,

b) Certain printed output is optional. The user may select
exactly what output he requires by entering the relevant
option in the data:input (Section 4.3.3 (1)). .

c) By means of an option, the user may request just the analysis
of an existing or proposed structure, instead of the entire

design procedure.
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4) Computer storage allocation can be adjusted according to
the size of the problem by changing the dimensions of certain
arrays at the head of each subroutine (Section 4.5)

e) Thelérogram is capable of analysing a structure for a number
of load cases in one run.

£) All input is in free format.

A detailed description of data input with sample data (Table 4.1)
is given ;n Section 4.3.3. Included in Section 4.2 is a typical runstream,
illustrating access and execution of ADPF.

The program is written in FORTRAN V as implemented on the
UNIVAC 1106 computer. It is maintained permanently both on disc and
magnetic tape at the University of Cape Town Computer Centre, and is
therefore readily available to any authorised interested user.

In the descriptions tﬁat follow (except for data input),
it is assumed that the user has a basic knowledgé of FORTRAN.,

4.2 A:Typical'Runstream

The following runstream is used to access and execute ADPF.

@RUN, /BPRUNID;ACCNT .NO/USERID,PROJECTID, TIME, PAGES
@ASG, AXPPLASLM*ADPF.

@ASG, AXPPLASLM*SECTN,

@ASG,TH13 v

@ASG,TP14

@ASG,TP15

@QUSEP12,PLASLM*SECTN.

@XQTYPLASLM*ADPF . ABS

DATA INPUT
@FIN

The pxograﬁ must be executed in batch mode, due to the size

"of the output and core storage requirements.
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4.3 Data Input

The format of data input for the design, analysis and checking
problem, and the analysis and checking problem, is identical. Dummy
data values are input where not required for the problem under con-
sideration; - This approach saves further data preparation if, for

example, the user wishes to examine the same problem purely for analysis

purposes.

_All input and output data have the dimensions of kilonewtons,

metres or radians, unless otherwise stated (Section 4.3.3)

4,3.2 Sign convention

Node coordinatés are defined in a global'coordinate system.

The sign convention adopted is illustrated in Figure 4.1

A

N

Figure 4.1

xy

Bending moments in the computer printout are in a local coordinate

system (Figure 4.2).

)

3
\?\/v""

Figure 4.2
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4.3.3 Detail of Data Input

1. Parameter Statement

NROWP , NCOLP,NSEC, IBP, ISHORT, ITAB

where: .

NROWP (integer)

NCOLP (integer)

NSEC (inteder)

IBP (integer)

ISHORT (integer)

ITAB (integer)

number of rows in the extended system stiffness
matrix as stored in the computer (Section 4.3.4(a)).
number of columns in the extended system stiffness
matrix as stored in the computer (Section 4.3.4(a)).
total number of sections being considered for
selection as stored in the file SECTN (Section 4.4).
IBP

]

@ for the design, analysis and checking problem

IBP

1 for the analysis and checking problem
ISHORT = @ for a comprehensive printout of results
of all iterations in the incremental and deformation
analyses.\

ISHORT = 1 for an abridged output of results, which
includes results of analyses at both working and
ultimate loads, and sections chosen in the design.
ITAB = @ for a comprehensive printout of design
check results.

ITAB = 1, for a condensed presentation of design
check results. If a section proves inadequate,

the reason will be detailed.

It is suggested that the option 1,1 be used for ISHORT, ITAB,

as this gives all the information required and avoids unnecessarily

bulky output.

2. ‘Structure Statement

NE,NN,NLC,E,AE,EI,YSTRS

where:

NE (integer)
NN (integer)
NLC (integer)

E (integer)

total number of elements

total number of nodes

total number of load cases to which the structure
is being subjected

Young's Modulus in Pascals
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AE (real) Young's Modulus*Area of Section in kN
(see Section 4.3.4(b))

EI (real) Young's Modulus*2nd Moment of Area of Section in kNm2
(see Section 4.3.4(b))

YSTRS (real) Yield stress of steel in Pascals

3. Load Factors

RLAMDA(1l) ,RLAMDA(2),. . . . .,RLAMDA(NLC), {real), the load

factors associated respectively with each load case.

4, Effective Length Factor and Buckling Restraint Parameter

EFFLEN (1) ,CML (1) ,EFFLEN(2),CM1(2),. . .,EFFLEN(NE),CM1(NE), (real)
respectively the effective leﬁgth factor and a counter to indicate the
degree of buckling restraint (see Section 4.3.4(c)), for the ordered

elements.

5. " "Columns Statement

NC,IC(1),IC(2),. . .,IC(NC)
where: v
NC {(integer) the total number of columns in the structure.

1 (For the purposes of the program, a column is defined
as a member which is expected to be subjected tb
significant axial loading. A distinction between
columns and beam-columns is necessary when the AISC
specifications are applied).

, ICc(1),1C(2),. . ., element numbers of the members which are to be
IC(NC) (integers) treated as columns. Any element not included in

this set is assumed to behave as a beam.

6. Element Incidences

NBEAM(1,1),NBEAM(1,2) ,NBEAM(2,1),NBEAM(2,2),...,NBEAM(NE, 1) ,NBEAM (NE, 2)

where:
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NBEAM(1,1) node number of 'a' end of element 1.
(integer) (see Figure 4.2)
NBEAM(l,Z) - node number of 'b' end of element 1.
(integer) (see Figure 4.2)

i

|

1
NBEAM (NE, 1) node number of 'a' end of element NE
(integer) .
NBEAM (NE, 2) node number of 'b' end of element NE
(integer)
7. Relative Yield Moments

MP(l),MP(2),...,MP(NE[ (real), relative yield moments of ordered

elements (see Section 4.3.4(d)).

8. Nodal Coordinates

COORDX (1) ,COORDY (1) ,COORDX (2) ,COORDY(2),...,COORDX (NN) ,COORDY (NN)

(real), Global x and y coordinates of ordered nodes (metres)

9. Boundary Conditions

-1, -1
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where Ni,Ni‘(integeré) is the number of the node, repeated, which has
boundary conditions I,J,K (integers) and where
= @ - if constrained in global x-direction,
- if unconstrained in global x-direction,
- if constrained in global y-direction,
if unconstrained in global y—direction;'

~ if constrained against rotation in x-y plane

A R U 4G HH
]

-
'

- if unconstrained against rotation in x-y plane

Tdtally unconstrained nodes need not appear under the‘bouhdary
conditions.. A boundary condition subgroup such as * above corresponds
to each node which has any degree of constraint. °~ However, should
consecutive node numbers Ni’Ni+1"'Nk have the same boundary conditions
I,J,K this can be input as

N, N

I,J,K

-1, -1 indicates the end of the boundary conditions.
10, 11. Load Cases

The input for each load case has the same format:

K . 3
Ni’Ni e . & %
PyrPo
} R
i
t
| }
"l,"'l ) VJ

where K (integer) is the number of the load case; Ni,Ni (integers)
is the number of the node, repeated, which carries external loads

Px'Py and M (reals), and where
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Px is load applied in global x-direction,

Py is load applied in global y-direction, and

M is moment applied in x-y plane, anticlockwise positive. Nodes

which have no external loads need not appear in a load case. A

‘nodal load subgroup such as * above corresponds to each node which has

any external load. However should consecutive node number Ni’Ni+l""’Nk
have the same loads Px’Py and M, these can be input as

Ny N

P "M
x’Py'
- 1, - 1 indicates the end of the load case.

A load case data group such as ** above corresponds to each load case.

Thué there must be NLC such groups (see Structure Statement).

12, "End of Loading Statement

-1 signifies the end of all loading input
13. ‘Deflection Checks at Working Load
L] L] - *
{ }
]
1
1
{ }
-1
where Ni(integer) number of a node at which a deflection is to
be checked
Ii (integer) I =1 for deflection check in global x-drection,
I = 2 for deflection check in global y-direction,
or I = 3 for rotation check
and Di (real) - limiting value of displacement (metres or radians)

at working locad :
A data subgroup * must be entered for each deflection check.
- 1 indicates the end of deflection-checks at working load. If there

‘are no deflection checks at working load -~ 1 nmust be entered.
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14. Deflection Checks at Ultimate Load

The form of the input is the same as that for deflection checks
~at working load (see § 13), where Di is now the limiting wvalue of
displacement (metres or radians) at ultimate load. - 1 indicates
the end of deflection checks at ultimate load. If there are no

deflection checks at ultimate load - 1 must be entered.

15. “'Anaiysis‘Problem‘Only

For the analysis and checking problem alone (i.e. no design),
the sectional properties of each member are required. The input is

of the form

N, ,N, :
1 1 . *

sp(l),sp(2),. . . .,SP(20)

where Ni’Ni (integers) is the number of the element, repeated, which has
' sectional properties SP(1l),SP(2),...,SP(20), (reals). (see Section 4.4).
A data subgroup * must be given for each element of the structure.
However, should consecutive element number Ni’Ni+l""’Nk have the same
sectional properties SP(1l),SP(2),...,SP(20), these can be entered as
N, N
SP(l),sP(2),...,SP(20)

- 1 signifies the end of sectibnal properties.
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Figure 4.3 Two~bay Pinned Portal Frame -~ Design and Analysis Required

\,\ 2aedm

to-2 : =
04 S0 m

5y ——t

18:24 m 18:24 v

1,42 kN/m uniformly distributed

Loading: Dead Load

2,45 kN/m uniformly distributed

Live ﬁoad

Wind Load: g = 3,13 kN/m. Pressure coefficients are
shown in Figure 4.3

Figure 4.4 Element and Node Numbering

® : denotes the element number x.

X : denotes the node number x.
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4.3.4  Amplification of Data Input

a) The extended system stiffness matrixv[K ] is square and symmetric.
The elastic system stiffness matrix BTSB, a submatrix of [K ],
is.tightly banded (see Figure 4.3). It is thus not necessary
to store the entire matrix as this entails duplication of
information, as well as storage of zero values. In the program

only part of the upper triangle is stored, as shown in Figure 4.5.

NN ED

NEXA

NNKE3D NE %4 i t

is stored as

NNAD

a

In(ac4Ly NE # & 1

~ Figure 4.5



where

and

and

b)

c)
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NE is the number of elements,

NN is the number of nodes,

X is the greatest numerical difference in end node numbers
for all elements.

NN*3+NE*4,

NROWP

]

Thus, total number of rows

total number of columns NCOLP 3*(x+1)+NE*4+1,

In the initial stage of the design process, actual section sizes
are not knonw. Arbitrary; ‘but sensible values must be assigned
to EI and AE for the incremental analysis. Values of the

order of lo4 kN and lO6 kNm2 for EI and AE respectively afe
applicable. For the analysis and checking problem however,

the actual sectional properties of the members are input as data.
Consequently dummy values of EI and AE can be entered in the.

Structure Statement, for example, @.,0.

The designer must decide on the effective length factor k,
where k& is the effective length of a member and % is the actual
length of the member, for each element of the structure.

Thié information is required for buckling checks in the design

~ checking phase of the program. Although the effective lengths

of members defined as beams are not used in the program, dummy
values must be entered. The parameterxr CIn is defined in Section
2.2.3 according to four categories of restraint conditions.

The designer must stipulate either:

CM1(I) = 1., for compression members in frames subject to

joint translation,

CM1(I) = 2., for restrained compression members in frames
braced against joint translation, and not subject
to transverse loading between supports in the
plane of bending,

CM1(I) = 3., for members whose ends are restrained, or

CM1(I) =

4., for members whose ends are unrestrained,

where I is the number of the element.
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d) In the design process, the proportions of the structure must

be defined by stipulating the relative magnitude of the element
A datum

yield moments, in the order of element numbering.

valué of 100 has been chosen.

Thus, any one element can be

assigned a yield moment of 100, and the yield moments of each -

of the remaining elements must be given relative to this datum

value,

4.4 " 'Section Properties Data File

The user may choose any table H and/or I sections from which he

-wishes the design to be selected.

The sectional properties are

stored in the file SECTN. as follows:

The section sizes, with all their properties are listed as

they appear in The Abtidged Version of Handbook on Hot Rolled Structural
' 3.15 '

Steel Section

, and are ordered in ascending magnitude Of‘zpl

(xx).

The dimensions of the section properties remain as in the handbook.

For example the section

WX 16D | 464 [ 2078

e ’ 4
SeVIQ\ S‘? }G d b =N t‘ r }\‘ A Irl ze,' ZH,‘ "." I‘:S ZE‘J Zﬂ= r” c’ /t
‘ 3| % 4|l <bsl-b < a4l 3] -t N
mn h5/m s [ | mm [mee [ | i 1002 10|16 (100 [rmm (100 16 m® |15l fam |10
1657 | &7 | 1B | 89 266 |5-81899-35| 641 [ 72}-5 {130 [8-9457 {1oB-1 1655 | > 2882 26

is entered as:

305., 165., 46.1, 307.1, 165.7, 6.7, 11.8, 8.9, 266., 5.878, 99.35,

647., 721.5, 130., 8.957, l08.1, 165.5, 39., 288.2, 26.
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At the time of writing SECTN. contains all the compact I-
sections listed in the Handbook 3'15. The list of sectional properties
stored in the file SECTN. can be altered.

a) . To delete a section from the file:

Locate the section size in the file using the edit processor

of the computer, then delete the relevant lines (there are

twenty two numerical entries per section, which are in free

format and occupy two lines of data).
b) To insert new sections into the file:

Since the sections are ordered in ascending order of Zpl(xx),

the position of the new section is dictated by the magnitude of

its plastic modulus. Once its position has been found

(again using the edit processor), the section size and properties

may be entered, as outlined in paragraph 2 of this section.

Note that the number of sections in the file SECTN. must be
entered in the Parameter Statement (see § 1). At the time of writing
the file contains data corresponding to forty different I-sections,
therefore NSEC = 40. For those not familiar with mefhods of editing
files, it is suggested that an experienced person be consulted before

any changes are attempted.

4.5 "Expansion of Storage Allocation for Larger Problems

All the arrays used in ADPF appear in labelled common blocks at
the head of each subroutine (see Appendix C, Program Listing). At
present the program‘is dimensioned to accommodate a structure with a
maximum of twenty three elements, twenty four nodes, and ten load cases.

To investigate larger problems the storage capacity of the
program must be altered by increasing the dimensions of various arrays
in the common blocks, as follows:

i) COMMON/EXT/Rk (157,98) , appears at the head of each subroutine
and corresponds to the storage assignment for the extended
system stiffness matrix. The values 157,98 correspond to NROWP,
NCOLP (see Section 4.3.4(a)). If a larger problem requires more

storage than is presently allocated, the above two parameters must

be increased to the required magnitude, as outlined in Section 4.3.4(a).
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Ten other labelled common blocks exist, called COMMON/BLK1l/,
COMMON/BLK2/....COMMON/BLK10/. At present each array in the
ten labelled COMMON blocks contains the numbers 23 or 73 as
dimension limits. These correspond, respectively, to the
naximum number of elements, and (NN*3+l), where NN is the
maximum number of nodes.

Should a particular problem require increased storage facilities,
the relative dimension limits (23 and 73) must be changed so

as to accommodate the larger problem. Note that if the
dimension limits are to be altered, this must be done throughout
every COMMON statement of every subroutine. The names of

subroutines are listed below.

If any changes are made to the program, the program must be

recompiled and mapped as follows:

@ADDYPLASLM*ADPF , FOR
@ADDYPLASLM*ADPF . MAP

The above two elements, FOR and MAP, contain the following:

(i) FOR (ii) Map
@FOR ADPF.MAIN @PACK ADPF.
" " _DATA @PREP ADPF.
# " _SOLVE @MAP,IN ADPF.ABS
» " _ELTMAT IN ADPF.MAIN
" " ,STRSTR " " _DATA
" "  _OUTPUT B .SOLVE
» » _ITER » w  _ELTMAT
" " _SOLVED " " _STRSTR
» " _ELTMAD " " _OUTPUT
® " _STRSTD * w  _ITER
" " _OUTPUD " " _SOLVED
» »  _ITED » " . _ELTMAD
" "™ _SORT " »  _STRSTD
" "  .CONTRL " " ,OUTPUD
" " _CHECK " " _ITED
" " .NEWSEC " " _SORT
" " _CONTRL
" " _CHECK

" " .NEWSEC
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CHAPTER 5

Examples

5.1 Two-bay Pinned Portal Frame

The configuration of the structure with the various loading
conditions is presented in Figures 4.3 and 4.4.

‘The solution of the problem is presented by means of the
computer output, which follows. ~(Page 58)

A 254*146*24.5 section was initially chosen for all members.
This section was then found inadequate for the columns of the strucutre

and a 356*171*67.2 was substituted, which proved adequate.

0
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5.2 Fixed End Rectangular Portal Frame (unifoxrm)
* 20-8 BN/,
{ 1 3 1 3 1 kY 1 ]
0-44%N],,
FISRY =} =P 0-44 RN/ SSm
|
”r 4 T+
11w
Figure 5.1

Dead and snow load = 20;8 kN/m
Wind load : 'Figure 5.1
Load case 1 : Dead + snow load
Load factor = 1,85
Load case 2 : Dead + snow + wind load

1,4

Load factor

The above load factors are-used in order to compare the results obtained

from ADPF to those of Massonnet and Save 1’12, page 339.
Section Size z
P2
' -6 3
ADPF .356*171*67.2 - 1213 x 10 m
-6 3
Massonnet and Save 16WF45 - 1344 x 10 m
The 16WF45 has dimensions 409*179. No equivélent metric section exists.

The next lower American section has a ZpZ less than the required value
(1270 x 1_0_6 m3). _Although the section obtained by ADPF has a

'.marginally'smaller Z than the minimum value cited by Massonnet and Save,

. pL
it proves adequate.
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5.3 Two-bay Rectangular Portal Frame (non uniform)
= 3 3 S Y 1 I 3 ¥ ; S 1 4 1459 kN[
o ..
D E F
G"SGNL'F# : , . AST7 v~
A JI.B C-JI. —_—r .
~ 14 18:3m
Figure 5.2
Dead Load = 14,59 kN/m
Wind Load = 6,56 kN/m (see Figure 5.2)

- Load Case 1 : Dead load
Load factor = 1,85

Load Case 2 : Dead + wind load
Load factor = 1,4

Again, the above load factors are used for comparison purposes

1.12

(Massonnet and Save ., page 355).

The proportions of the structure are:

AD,DE : 1
~ EB : 3
EF,FC : 4
Member ADPF Massonnet & Save . Remarks
AD,DE 406*140*%46.3 356*%171*%44.8 1 Section heavier
EB 533*%210*109 533*%210%92.5 1 Section heavier
EF,FC 610%229%125 610*229*125 Equivalent section

Because there is not a one to one correspondence between the sets of
sections from which Massonnet and Save and ADPF choose, equivalent

sections are not always expected to be chosen.
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APPENDIX A

Theoretical Basis of the Incremental Theory Analysis[A-l]

Consider a plane frame comprised of an elastic, perfectly
plastic material. In this specific application the frame is subjected
to monotorically increasing proportional loading, although the general
theory is applicable to more complex loading programmes.

The frame is divided into uniform straight unloaded elements
by an appropriate choice of nodes. External loads are applied at
node points only, as are displacement constraints (support conditions)._

The load vector at the kth node is

Yk

{p,} = B ' A.l

imp
J

bn

where Vk’ Hk are respectively the applied loads in the global x and
y directbns, and M;mp is the applied moment, anticlockwise positive.

The displacement vector {uk} at the k™ node is

{uk} = Vi A.2

where u ., v, are respectively the displacement in the global x and y

k;

directions, and Ok is the rotation, anticlockwise positive.
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The deformations of an element connected at nodes j and k

are given by the generalized element strain vector'{ij}
-
F ij
{6, } = A.3
jk ejk
0, .
kj J

where ij is the

ij is the
ejk is the
ekj is the

The strain

>
extension in the direction jk
>
transverse displacement normal to jk
rotational strain at the jth end of the element

rotational strain at the kt end of the element

h

quantities are shown in Figure A.1l

Figure A.1l
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The relation between'{ﬁjk} and'{uj},'{uk} is

where [Bjk] is the element deformation matrix.

[ - Cos ¢ -8in¢ O i Cos ¢ Sin ¢ o] }
: i
+ Sin ¢ - Cos ¢ o - 8in ¢ Cos ¢ o]
[Bjk] ) (o] (0] 1 i (0] . (0] (o}
o} o} o o} o} 1
e 1 B

A.5

; >
where ¢ is the angle between the global x axis and the direction jk,

anticlockwise positive.

The internal forces in element 3k are

— -

Njk

Six
j

M];

These internal forces are shown in Figure A.2
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Figure A.2

The relation between bending moment M and curvature K at any
point on an element is assumed to be elastic, perfectly plastic, with
yielding under constant moment when M = iM ., The relation between

the. elastic component of curvature k® and bending moment M is

where EI is the flexural rigidity. It is assumed that axial behaviour

is entirely elastic, so that

where ¢ is the axial strain, AE is the axial rigidity, and the relation
-holds for all values of the axial force N. Shear deformation is
neglected.

Because each element carries no transverse external load along
its length, the bending moment is linear along the length. Peak
values of moment occur only at the ends of the element adjacent to
the nodes. Thus the behaviour of the element is elastic along its
length: plastic deformation can occur only at the ends in the form

of plastic hinges.
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In order to express the stress-strain relations in matrix form,

we define a plastic strain vectorA{ng} for the element jk,

ekj

where G?k' Gij are respectively the plastic hinge rotations at the
ends j and k of the element.
On integrating equations A.7 and A.8 along the element in-

the conventional manner, we ma& write
. N A _(aP .
g b = syl ({sjk} {65, 1) | A.10

where [Sjk] is the element stiffness matrix given by

- i}
%P- 0 o 0
o 12EI _ 6EL ~ 6EI
3 2 2
S, ] = . . . A.11
o _ BEI 4EI 2EI
22 3 3
0 _ 6EI 2EI 4EI
22 2 I

At potential plastic hinges we have
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A6 > 0 if M=+M
=~ P
0P =0 if -M <M<M a.l12
P— — p
ae® < 0 it M= M

The node load and displacement vectors are assembled into

global load and displacement vectors as defined below;

{r} = |{r.} , a.13

and

{u} = [{u.} | A.14

where n is the number of nodes.

Similarly, we define global strain, plastic strain and internal

force vectors;
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(1o 1] [ <P} e
{s,) {62y (v}
{8} = [(63 |+ {6P} = {5?} , N} = O a.15
(6, (6} (v}
L i L J L .

where m is the number of elements.
Global deformation and system matrices [B] ana [s] are
also defined. These matrices are assembled from the element deformation

and stiffness matrices.

{8} [8] {u}. - A.16

{n} [s1({s} - {6F1). ~ A.17
The form of equations(A.lé) impose an incremental approach
to the solution of the problem. In a generic increment, the vectors
{P}, {u}, {6}, {6} and N are known, and incremental loads {AP}
are applied to the structure. We solve for the increments in
displacements, strains, plastic strains and internal forces, denoted
by {su}, {88}, {a6P} and {AN} respectively. The increments are added
to the previous values, ana the process is repeated. Initially the
structure is unloaded and undeformed, and hence initial values of.{P},
'{u},'{G} ' {6P} and {N} are all zero. In practice the response will
be piecewise linear, and thus the increment in load'{AP} can be sealed
up until a new hinge is formed.
A displacement method solution of the incremental problem
(Martin A.1 ) is given in terms of {Au} andl{AGP} by the least value

of the functional



g4,

ﬁ; = 4{a8 - ASPYT[sl{as - AsP} - {au}T{ap} A.18

subject to the constraints given in equation (A.1l2) applied to each
potential hinge position. Using equation (A.16), E; can be more

conveniently written as

5((Bl{au} - {a6P)T[s]([B1{au} - {asP})- {au}T{ap}

5o
p

%[{Au}T[B]T[S][B]{Au}] - %[{GP}T[S]{AGP}] - (au)Tiap)

T
_ Au Au ‘ ‘
= e x] |- - {aw)TioeY, A.19
AsP AsP .

where

(8] [s](B]

‘[K]= ..............

- [s1(B]

A.20

[s]

The internal force increment may then be recovered from the incremental

form of equation (A.17)

{an} = [s]([Bl{au} - {asF}} A.21
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L. . =0
Algorithm for the minimisation of Up

~The following algorithm for finding the least value of a;
has been given by Martin and Reddy [a.2]. It is based on the
observation that if it is known a priori whether any hinge for which

M=% Mp will deform plastically or not, the constraints imposed on

the minimisation fall away. The least value of the functional is
given by
aﬁ; aug
= — = o, A.22

which can be written as

{Au} AP
[K] PR = oo . ' ) A.23
(&P} 0

The algorithm proceeds by assuming that each hinge loads, solving
equations (A.23), and checking the solution against the constraints.
If the constraints are not satisfied, the guesses are modified.
While convergence has not been proved, experience shows that convergence
is rapid.

The steps in the algorithm are set out bélow. For proportional
loading, the load vector AP may be assigned an arbitrarily chosen

magnitude.

Step O. For all hinge locations for which M = % Mp, assume Aep # O.

Step 1. Eliminate rows and columns of [K] corresponding to all elements
of‘{Adp} for which Aep is zero because - Mp <M< Mp or because
A8® has been assumed zero.

Step 2. Invert [K] and solve equation iA.23) for‘{Au},'{AGP}. Determine
" {AN} from equation (A.21).
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Step 3. Check all hinge locations for which M = % MP.

If 26P > 0 for M= + M
p if it was assumed that A6P # 0,

A6P <0 for M = - MP
< = +
AM 20 forM Mp if it was assumed that A6F = o,
AM > O for M = - M '

. p
go to step 4. :

However, if it was assumed that A6P # O at any hinge and
i

AP <0, M=+M
_ MP assume A6P = 0 at that hinge,

26 > 0, M -
and if it was assumed that A6 = 0 at any hinge and
AM >0, M=+M
AM<0',M=-MP

n

assume that A6F # 0.

. Return to Step 1.

Step 4. Choose the magnitude of AP by the condition that, ambng the
hinge locations for which IMI<M , one location will have
|M| = M while |M| < M_ for all others.

Step 5. Update {P}, {u}, {6}, {N} by adding increments to starting values.
Return to Step O.

The iterative procedure is terminated when flow occurs, indicated

by a very large increase in {u}, or by instability of equation (A.23).

Bibliography
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A.2 J.B. Martin and 1976 *A programming approach to the role
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APPENDIX B

Theoretical Basis of the Deformation Theory Analysis

The approach followed in this analysis is that of Baggett,
Martin and Reddy [B.1].

The essential difference from incremental analysis is that the
bilinear elastic, perfectly plastic moment-cuivature relation (Figure B.i)
is assumed to be reveréible i.e. unloading occurs along the same curve.
It follows then that deformation theory analysis will be correct only
when unloading does not take place in any section at which plastic

deformation takes place.

\

M ]

P {

Figure B.1

In the context of the plane frame problem under discussion,
the equations given in Appendix A hold except that equations A.12

are replaced by
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P
8® = o i -M <M<M, B.1
P <0 if M= -M.
- P

It is no longer necessary to consider increments of load; we may
impose the final loads (P} directly. In doing so we note that
deformation theory analysis is not suitable for determining the limit
loads (i.e. loads causing flow in the structure).

The deformation theory solution is given by the least value

of the functional

{u} _ , -
o= oM 6P+ x oo ) [RI({ud:{6R)) - (u} (R},
p hinges P {62}

B.2

subject to the constraints of equations B.l. The internal forces

are given directly by
v} = [s 1([Blu} - {671). - B.3

The first term in equations B.2 must be placed in matrix

form. We write, at any one hinge,

p P
M = M .6 .A B.4
7] o
where A = + 1 if M=+ Mp
A = o} if -M <M< M B.5
A = -1 if M=-M
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Thus for each element k&, we define

{M}kz = B.6

ty = | ) - B.7

where m is the number of elements of the structure.

Equation B.2 may now be expressed in matrix form as:

{u} {u}
o P T ~ LECRC Y LA - T
up° = (&1 (M} + 3 o] (K] 1) {u}”{P} B.8

where [K] is defined by equation A.20.
The solution of a particular elastic-perfectly plastic problem
is given by the least value of G;, with variables {u} and {Gp}, subject

to the constrainsts of equation B.5.
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The Algorithm for the Minimization of G;
Since'{ép} is discontinuous when |6P| > 0, simply setting

30>
P = O and solving the resulting set of simultaneous equations

3{s"}
is inadmissible.

This problem may be circumvented by assuming some value for A
(Equations B;S), taking the partial derivatives (now continuous because
the signum function has been eliminated) and solving the reéulting
system of simultaneous equations for {u} and {6F}. A check on the
correctness of the assumed A's is then required.

Thus, regarding {M} as known, the conditions for G; to be a

minimum is:

' [K] - {u} _ ‘ {p} B.9

{sP} - {A}

In solving equation B.9 for {u} and {&F}, all terms associated
with elements of {a} which are constrained to be zero {(boundary conditions)
or terms associated with elements of {M} which are assumed to be zero
are ignored. This corresponds to eliminating a row and column of (k]
for each zero variable, and is implied wherever [K] is inverted iﬁ the
iterative process set out below: N
1. Set all plastic hinge rotations to zero and solve equation B.9.

This yields an elastic solution.

2. Consider each element and: if
M = M and 8® > 0
P
or -M <M<M and 8° =0 : B.10
P P
or M = -Mpand P <o

at every member end throughout ‘the structure, the solution has

been found and the iteration procedure is stopped.
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If however, at any member end:

M > Mp and 6F = 0; assume 6 = 0 and set A =1
© B.11
M< - Mp and 6P = 0; assume 6 = 0 and set A = -1
Alternatively, if at any member end:
A =+1 and o® <0; set 6P =0
" ) B.12
‘A=-1 and 6% > 0; set 6 =0
3. Solve equation B.9 with the assigned values of ¢ included, and
determine {u}, {6F}. Obtain the member end moments using
equations B.3, and return to Step 2. v '
: [B.1] .

Baggett, Martin and Reddy have been unable to give a
rigorous proof for the convergence of this algorithm. Numerous
examples worked by the writer confirm however that the algorithm
converges rapidly to a solution.

Bibliography
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J.B. Martin and plane frames', The Civil Engineer in
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APPENDIX C

ADPF - Program Listing

PLASL.1eADPF (1) ,1MAIN

1 CUMPILER (XM=3)
2 COUMMO : Z/EXT/Re157196)
3 C A XTI ERL T F ST Y FEY E Y Y Y
4 C CONTR JLLING SJUBROUTINE
5 C 0‘000;.0.00&&0'14'10.0{
5 CUMMOG/BLKL/ZRDGP s HCOLP 24P 23,2) ¢NE G NDF . 12123),2(23),
7 UWEL IPFLTSI25¢402) sPSTRNU2394) 4STRNI23494)05TRS(2304),
3 SNBAA» [S1G(23+4) yNELTSHLP NS, MaISTOPiIAX,
? BABY g N 1 s EsEP+AEIEI 1 YSTRS yNBEAM(2302) s COORDXI(23)>»
13 #COORDY(123) +vELLENI23) s SELT(23) 4CELT(23) «+HOFAISNDESS
11 GO9Sy DFONAVIBC(73) oL oNI20118CI3)sPPLL0 73 ) +sRLAMDALLON e
12 #PPP (3} WL (3)sWLOADL G e723) 0 3T€73)oDET,FACT»S{2304s48)
13 #B(239 496) sBTS5(2396943)18BTSB(&s6) vODELIGL) 1 SLPHA(2342)
14 $OSTRN(23+4) ,UPSTRNT23,4) vDSTRG(2494) oiyE) TIBBe4)sDUITZIN
15 #XPL73) s REINGIDUMIPLU73) 41iSeiBSsEAL23)yRC1(23)4IPHASE
15 a1MDEX,IDUM] L LDCASE»SP{42:20107P( 23,23 ICOUNTE2322)
4] 17 #I1CND{23) o NLCsHSEC ’
18 COMMU. /BLKS/ZI1BP , 1SHORT « 1 T.48
23 19 IPHASF =0
20 NF=3
% 21 (of $e0secetostsstrsensrrtan,
22 C READ i AND DISPLAY DATA
23 (o S22 4,0¢00080808 000004800,
24 CaLL 13ATA
.25 ¢ AR A XN A S A A R A R A A R A R T Y N XX E NN X Y ¥ ¥
26 C It DEFORMATION ANALYSIS ALO4YE 1S REQUIRED
o 27 c INCREMENTAL ANALYSIS IS GHITTED -
20 C OOQQ.Qu..'.....Ql't.t‘t.;i.g‘.li;.t'l.“’
k<] 29 IF{18P,Euel) CALL COXNTRL
. 3g ¢ 200400 000n0l0000 0000004008 ssubtten
85 3y [ SET Up ELEMENT STIFFHNESS MATRICES
32 'S $903¢a0008048308900B 4000 b b sPee
Ey ‘33 CALL FLTHAT i
34 LP=}
3 35 NELTS=0
. s HB3NG A
4 3z U=HDF
33 c '0...-QCO.‘.!'0.&0.000.'000'09l
< 39 C ADD 14 PROPOURTIOWAL LOAD VECTOR
423 C AR LA AR A R A R A A R A A Y Y )
45 41 DO 3 I=12NDF
42 RK{let3)=PP(LP])
a7 43 C COC'Qo’0.0'CobqtO-i"'.'*in.lg....‘%!.!’.'
44 C SOLVE THE EXTENDED SYSTEM STIFFNESS MATRIX
“ 45 C FUR DISPLACEREITS AND PLASTIC ROTATIUNS
44 C ooo....oo-oolttt00o-;oﬁoauo.ogtuuttitcbodt
51 47 CALL SOLVE
43 C AL T ELEA I PN INT DY R Y N X YN IS FY PRy
5 59 C DETERINE STRAINS AWD INTERuAL FORCES
50 C SRS L0 PRSPPI ERIBINRLONE S e anbdenet)
51 CALL S5TRSTR
52 IF(HELTS.ER,IJ) GU TO 4
51 53 CALL 1TER
54 Gu TO 1§
5 35 END
]
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3 2 AP PRCRON O

LOAT A
. i CUIP [ (v =)
5 K VI IYIRE S SO T A i - K
) [EFIN] /L(l/:\r,(l'a7")-5)
t [el LA N R R N ENY XYY
2 C REANS Ndis nloitlaYs DaTa
] ¥ C LA AV R RN A IR S R N
. > Culiltuy /501 7 0P NiCuLr, P23 2V 00 v v BF i {T73) 907380
1 s B B f P TS 02800y 20 o PSTRIC 304 o STl 20040 05TP512304)
] BN A ,(u(_!,]o-_),_JLLT_avLP, Myt JSTUP A,
.3 TJ B el e P A v e Y S TSy nF atil{d3e2) oL 0udAl(23)
11 WCUURD LA 0T o 0230y SELT(20) W CELT(23) e b AvikOFS
15 [ A S G N LT T3 Tl L TUC 3900 s 73 s KLAMOAC [ U) s
« HE) BPPP S0 de 03 0 LSl L de 70 0T U731 o000 T FACTeS{23 0 e 4)
W T FOT I3y 13000013 12300 140815001 Al sLEL o) ALEAATZ3120
[ SOLSTRE 23400 ST i0230 4o DS t239 ) oL TEB394) 000l 73)0
.9 H YR 'fy'f"in’/3'0“3'14{-[—&(2),-\EX(Z.‘,"P”;‘S['
' Ly WLGUE R, JOU L el CaAsLySr (42020010202 023020,1C00NTI230210 0
21 () BICHLT . 3oL Coe DL C
¢ 1 CUItHIY  Z8LN2/CHTHTI1I 02304 0l FLEWE23),5C0LL18)
2 T < AT I (201 C 0237901231 +0URCTHRg (7530210000230 sRAAT231
21 BOHP(22) v dETURIL UL 23)
(5 27 CURITI /dLeie /7550 (250 2U)
P} CU=Mo /thS/Jrr(lUl73l-DLFLud(70.3).NLHU-JCHvDEFCH(20'3)
4 23 CUtivy . /L9710, 15 0% T I TAR ]
{ 25 DIFMENITI0H HPD23)eS5SPOI2W) w1 CLLOD
29 T3 F{ Y T T -
27 NE=z=3
n 2 dAK={)
2 Wbz (g
a3 30, 100 FORMAT ()
¢ 31 [of (A A E A RS LR RN ERNNFE]
38 R C GATHTSEALDCR TT T
33 C LAAE RN R NN R R XN I
on 3T FRTOT 731,
KL 931 FURHMATILN v /777 0bh 40X 033 00 a0 )0/ atd , 16k 20 ,31K,
30 35 BRIV T a6 Ve Ty DX PAUTONAT 1C DESTul ANU ANALYLIS
N 3 BAKoYwe o/ [l 25X s @ s QX 0 (F PLANLE FRAARES 2T Xe 009,/
4 T3 TIT A v e T TR Yy 70T v oAy VeV s LA, ,UeunIFFINTY,
R BIXvtnny /ol scph et a BN LT, OF CIVIL LNGINEERING
(s L] WIRTVTT A7 VA v v Y IV v Xy VUL [ TP RSITY GF ChPL TOATY 9K
‘4l EPOr /00 v X et At et o/ h e HbA e D X0 8%/,
43 T2 FI s dalo 9V yBA VY UIVAC T1uUb LXCCAVIGAs Tt /70111 XYY T
¢ 43 neet, /g1, '
47 (W] FUROAYI AT "¢V T 777 T v FAA s 330 31187910 sHGAsT#V [ Xy
49 ROYJUB CESCRIPILIIN 2200 3a002 /,301H s44.5,%02 031X
(% w5 AT AN YD NS AL R AT NN S N § RSP S TR T e atsaan 7,
947 G700 La6%,230v 20 )0 /7))
51 TS PRINT 101 —
( L] 131 Fuparthips sy UalTS 3 KL uilESTONS A'Ip nETHLS'-/-17x-Jn¢'0'l
53 ERe - Wy 7777
51 C LN E Y
(% w7 T DRTA {107
53 C s4v0a8% 08 .
87 PR R R T IO AR Ty I COCT 4 TS C s TP s [SHORT [ T A0
( 9% READ U iy e JLCoCvab o LoynTRS
59 El) RCAT T IRL I T ATT IR =Ty G
37 RUAD QU CLEFT Lot Ity s Lty ale=1 o)
(e ) RCAD YO YIC Y T T Y T ET O
24 READ 1JUl((l'4IZEA-”le)'J:lo))ll=anE))
&! B
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3
-] READ 100 (HPu(IE) s IE=] v HE)
6 41 It CTuip.Eal) GO TO 102
62 DO 193 1E=1.NE
63 103 HPU(IF)=]
6!{ c l"'to&'.ibti'.&t."ﬁ"&&'bg'.DO:.OGIQIL‘! —
] 55 C CALCULATES LEHTHS+COS¢SINe FOR EaCH MEMBER
66 C \AAALEE AL ILLE A AR R R I Y T T LI NI}
| 67 102 READ JD0e{ (COORDXEI)eCOORUY(13)sl=ienNN)
-H] DG 132 1=1enC
3 59 la=1C(1)
79 112 ICoLt1aY=1Ct])
15 71 DO 111 IK=].NE
12 DU 111 I=1+2 ' —_—
17 73 MPLIK,1)=MPD{IK)
74 IP=NLFAMEIK 1)
8 75 IQ=NEBEAMIIK2)
74 ELLEN{IK)=SQRT((COORDX(IP)=COORDX(I0))e02,.%
et 77 #(COORDY(IPI=CUODRUY(IW)) 2,
73 CELT(IK)=(COORDX(IQ)I=COORDX{IP)I/ZELLENLIKL
79 SELT(IK)=(COURDY(1@)=COOROY(IB))/ELLEN(IK])
83 111 CUNT ] . UE ]
.} 8} U0 12 I=1NE
82 JISABSCUBEANM(Ls 1 ) =NBEAM(]+2))
83 IFLUL,GT . MAXIHAX=JI
84 12 IF{NB.,,LT.MAK) NSW=MAX
20 85 Now=(vBia+] ) sNF
84 NDF =i o NF
3 87 JI=SNROWP =HDF
88 . JZ=NC)HLP=NBU=1
83 89 APE=MjNOlJ]ed2)
90 NOFA=,DF+}
35 91 NUFS=DF =1
92 NUwA=;!1BW+ |
w 93 WEHS = Jhe=i
4 NOFBWwaAsHOF=HBWS+]
39 95 Cc $*%sesetasanser
96 C VISPLAYS DATA
@ 97 C esSsspevonsune
98 PRINT 202,NE NN
Q 9y 2U2 FURMAT{(// 4+t WUMEER OF ELEMENTS =%415/9
100 $' NUMHBER OF NODES =9,15)
L 101 EE=E/ ) .EJ ¢
102 PRINT 203,EC :
4 103 203 FORMAT(/+¢ ELASTIC MODULUS =+9+E1).604)
134 PRINT 204
49 135 2049 FURMAT(//+v6Xe? COORDINATES QOF NODES'+//,% NODE®+7XKs'X v 12Xe°Y")
106 DU 17 I31,NN ’
61 197 17 PRINT 205,1+CO00RUK(T)COCRDY(])
128 205 FURMATILA 21301 X22(2X+E1146))
63 199 PRINT 206 .
110 206 FORMATI//4* ELEMENTY 24X, 9 NODFES? 16Xs "LENGTH? »
5 111 e/ 0 JURI /9471 =0 ),77¢,7)
112 PRINT 207+ ( (1 s (NBEAMIT v J)sJd=lo2) sELLEN(]))s1=1oNE)
&7 11) 207 FORMAT(LIH ol4e1%k9216¢4X0E11,64
114 PRINT 208.
69 115 208 FURMAT(//+* BOUNDARY COHOITIONS : O=FIXITY » 1=FREEDOM?,
116 B/7/72% LODE®y3 X0 "X 213X Y ¢, 3X,'ROTATIONY)
61 117 U0 67 I=1+NDF
118 67 18C(1;=31
63 T19. 4 READ jUDNI+N2
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41

3
122 IFINLLLELD) GO JO 2
6 121 READ 1332 (1IBCIJIsJd=] +NF )
122 LU 72 1=NlsN2
123 7 PRINT 202144 11BCHJIsJI=] 4iVF)
124 209 FORMAT(L Y o+ [3)4%x001e3Xel1ebXefl)
9 125 JU=NFa(Nl=1)
. 126 [I=H2-N1+] —_
11 127 DU 3 1=1911
128 DU 3 J=1NF
3 129 JI=Jdd+1
139 3 13Ceyyy=linced)
15 131 ‘ GU TU 4
132 2 PRINT 210
17 133 210 FURMAT(//,% LOADING PROGKAME: ")
134 _UU 21 I=1.NLC
9 135 DO 21 J=1NOF
136 21 PriYeg1=0,
2 137 IK=g9
133 9 READ 100014
23 139 IK=1K+1
144 IFCJJ, LE,~1) 50 TO §
3 141 PRINT 220414
142 220 FORMAT(//* LOADING®,]14)
o 143 . PRINT 218
144 214 FURMAT(// 41 |SXs*HODE® v 7X, *PX 04 11X, *PY? 7%, *MOMENT O}
2 145 19 CONTIWUE ‘
146 READ j100sN]L1,N2
i 147 1F(NL1,LE.Q) GO TO 9
143 READ 100+ {PPP(JYrvJ=]1»NF)
149 DQ 1 I=)sN2
153 11 PRINT 219,01, (PPPLJ) sJ=1,NF)
3 151 219 FURMAT(LSX I3+ 1X9s3€2X0EL1ab))
152 20 CUNT]UE
n 153 T JUSNFe(Nl=l)
154 ! Il=(nNy=N1+]1)
B 155 DU 16 1=1,11
156 DO 16 J=1NF ' —
157 Jd=JdJd+ ]
158 : CPPUIJLWJIIZPP LY JJ)+PPP LU LAMDACT ) /100,
L) 159 16 WLOADI(IJrJUI=uLOAD{IUeJII+PP (T JeJdJ) 2100,
160 : GO TO 19 .
45 161 5 CUNTIIHUE
162 . PRINT 303 ‘
4@ 163 303 FURMAT(1H +//+110XK+* SELF WEIGHT IS AUTOMATICALLYS®
164 #° INCLUVED INTO THE LOAD VECTORS BEFORE DEFORMATION ¢
9 165 #YANALYSIS COMMENCES?Y) _
166 1F (181 HE«1 AND,ISHORT.Eg.}1) MRINT 104
5 167 104. FORAATOIN o////7440Xs310%#% ),/ 440X, *RESULTS OF
168 ' INCREMEnTAL ANALYSIS*y/70l840X,31(1%e%),2/)
53 167 WCH=0 -
170 301 READ 10001
55 171 IFll.tae~1) GO TO 302
172 NCHz=NC 4+ 1
57 173 READ(N100) 4 I+ JyDEFCHINCH 3}
174 DEFCH(NCHs ] ) =]
&9 175 DEFCHINCHs21=d
176 GO0 TO 301
ot 177 302  CONTI.UE
1738 HCHU=n
63 179 411 READ 10011
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. 49

61

183 IFt],rQe=1) GU JU_ %412
18} WCHY=,,CHU+| ’
182 READ N 10Y) e ] 4 JoDEFCHUANCHU, ) S
193 VEFCHJ(NCHUL 1) =]
184 DEFCHy(NCHY,2)=1
185 GU TO 411
186 412 CONT]InUE
187 dF(I8p ,NL.1) GO TO 993
133 10UM=100
139 199 HEAD JU0sNL N2
199 - : Il LT,0) 69 TO 992 , i
194 ‘ READ 1000 ((SSPD(I)sl=1020)) '
122 VO 243 I=H1,042
193 VU 243 J=1.20
199 243 SSP(1,.41=SSPLJ)
9 195 GU TO 199
196 992 CALL SORY
2 197 993 Ioup=p
- 199 TFOISIRTGHE Lo AND o  IBP NE LY PRINT 212 '
23 197 212 FURMAT(IH +//+" INCREMENTAL ANALYSIS OF PLAHE FRAME USING BEAN®
239 ! ELECENT®Vv/) ‘ '
% 29} IF{IBp HE«1«AND,ISHORT.NE«1) PRINT 300
232 300 FORMAT(LIH +///951Xs*COMMENCE LOAD CASE 1%,/7)
2 233 RETURN :
204 END
2%
3N
33
35
37
5
@
@
45
4
51
55
57
®
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3
PLASLMeADPF{1),S0LVE
5 1 COAPILER (X11=3)
2 SUBROUTINE SULVE
3 CUMMO ZEXT/RK(157098)
4 [ P PB G20V P BN RO IRV GBI RSRB P60 0UCHEBOTOBDHEE
9 5 c SULUTION ROUTINE ¢ GAUSS=JURDAN REUUCTION
6 c a:aao'9'»:&:0!&5»‘6&.0:0;0».03oooooa:aaoaol - I
1 7 COMMOI/BLKL/NROWP o NCOLP s MP(2342) s NFoNDF,UE73).p(73),
8 THNE o IPrLTS(230402) PSTRNI23 443 ,STRE( 23241 3STRG(2304),
3 9 BABIAISIGI2304) s HELTSoLP 03B,y ISTOPY»MAX,
10 HHMBW N o EsEPWAEIET s YSTRS o NBEAM(234+2) e COORDX (23
15 11 4CUOCRLY(23)ELLEN(23)sSELT{23) 4 CELT(23)sNUFAINDFS,
' 12 yHUBANS s i DFBJACIHC(73) sl o201 16CI31ePPI]13+73) cRLAMDA(LIO]»
17 13 SPPPI3) 2L (3) el 0ADILIUP73)100yT(73)s0ET W FACT S (231 %¢40
i34 4002304061 18T75(230614) 183TSHLA16) s UELIGYIALPHA(2302)0
9 15 ADSTRN(23¢4) s OPSTRII23+4) 4DSTRSI2394) vWELTIE88e4)4,0Ul73) 0
16 $DP L 731y RATNGIDUNIPICT3) 2iiSoynGeEAl23) yRET(23) IPHASE.,
17 BINDEX ¢ IVUML o LUCASEsSPI42+20) 2P (23423 ICOUNT (2342}
13 HIEND( 23 e NLCiSEC )
19 RENIND 13
20 READ(13) ((RKID,J)od=1eNpw), 1=l ebDF}
5 21 _ISTOP=[53TUP+])
22 HS=M=]
27 23 NBS=His=1
24 DO 22 1=1.NDF
29 25 IFCIVctIYeEWLLl) GO TO 22
26 DO 23 J=NBJANB
3 27 23 RX{I1+9)=0,
28 22 CUNTIWUE
33 29 DET=1,
39 VO I JR=1oNDF :
31 IFCIRLENLHNDF) GO TO 10
32 Ig=1Rk+1
37 33 Iod=]p+niBNS
34 IF{IR . GT.NDF) [86=NDF -
% 35 HCOLL=NBWS
36 IC=2
4 37 Du 8 1=IB,188
38 I1CC=1c '
s 39 IF{RK(IRs1C).EQ,U) GO TO 20
49 FACT=RKIIRICI/RKLIRW1)
45 41 IFCIR.GE.NDFBAA) NCOLLSNUFA=I
42 DO 9 =1lsHNCOLL
47 43 RK{1eJ)SRK(I+J)-FACTeRK(IR»ICC)
4y 9 ICC=Icc+l
L 45 DO 16 J=NBYWA+WB
45 16 RK(TIsg1=RK(I1J)=FACTaRK(IRv )
51 47 20 WCULL=NCULL=]
43 8 IC=1C+1
53 4q 10 DET=0FT#IRK(IRe 1))
$) IF(NELTS.EQ.0) GO TO |
55 5] HCOLF=N3WA
52 DO 15 I=HDFAH
57 53 IF{RK(IR+NCOLF ), EH,0) GO TO 1§
Sq FACT=1K{I+NCOLFI/RK(IR})
89 55 DU 17 J=HCOLFsHE ' _
56 17 RELIv )=RK(I1J}=FACTeRK (IR )
e 57 15 nNCOLF=HCOLF+1
58 1 CONTIHNUYE
63 59 IF (NELTS.EQ.U) GU TO 21




98.

8 9

3
6 IFINEL TS, EQ.1) GO TQ 11
[ 61 HCULF=NBIA
52 DO 2 I1R=WDFA1S
53 IRAz[u+1]
54 1C=NCylLFel
[ 65 DO 3 1=IRAWM
b6 IF(RK{IRSICI.ER.0) GO To 3
# 67 FACT=RK(IRVIC)/RK(IRINCOLF)
63 00 4 sICeNB
3 69 4 RKUIsj)3RK{1sJ)=FACT®RK(IRYy)
72 3 1C=1C+1 -
18 71 DET=Dr T®*(RK{IReNCOLF))
72 2 NCOLF=NCOLF+l
1 73 11 CONTIJE
74 RKAMr 3)=RK(MsNB)/RKI{MsNES)
9 75 DET=zDFT®{(RK (M1 NBS))
76 IF(NEI TS.ER.1) GO TO 7
77 NCOLF=NBS
73 OU 5 IRSIISINDFA,=1
s 79 II=IR+}
83 DO 6 J=NCOLFNBg
L 9] RKOIR,NB)I=RK{IR,NB)=RK{IRsJ)eRK(LI  NBY}
82 6 ll=11+1] :
83 NCOLF=zHCOLF=
34 5 RKUIR NBI=RKIIR,NB)}/RKI{IRsNCOLF)
85 7 li=tivgA
| 86 DO 12 J=HBUiA'NBS
i 87 : D0 13 I=1.NOF
84 13 RRAT»B)=RKILoNBI=RKtIoJ)®R(II,NB)
89 12 11=11+1 _
99 2] RKANDF o HB)=RKINDF+dB) /RKLNDE » 1)
91 DO 14 IR=NDFSsle=1
92 11=IR+}
” 93 HCOLL=nNBwW )
94 IF(IR.GE . NDF(BWA) NCOLL=NDFA-IR
g 95 DO 19 J=2.NCOLL :
95 RK{IR, yB)I=RK{ IR, NBlaRK{IR JI*RK{T T sty
4 97 19 11=]11+1
93 14 RKUIR,dB)=RK(IR,NBI/RK{IR+1)
s 99 QUT(ISTOP)=DET
190 RETURYY
% 191 END"
47
49
51
57
69
(3]




99.

.9

3
PLASLA2ADPF (1) ELTHAT
L | COMPILER (XM=3)
2 SUBRUUTINE ELTIMAT
! 3 COMMUN ZEXT/RK(157498)
4 C cct.ogc'ot..u-oooictﬁiuacnl.gg.o.oo&ltabavctetqcccﬁttlOQ.CO
8 5 C SETS P DEFORMATION AND STIFFWESS MATRICES FUR EACH ELEMENT
6 C l"tc..’l..'.‘..&'!l.llt.‘!'*t'(."*’ﬁtﬂﬂt"‘ﬂb’.i&!‘l.lp.!.
1 7 COMNUN/BLEI/NRONP s HCOLP s P (234 2) s NF o NDF +U(T73 ) 4P(73),
- 8 AHE Y IPEL TS5 (2309921 sPSTRNI2304) ySTRNI23,4)+5TRS(2394) 4
‘3 9 GHEWA L [SIGU2304) ,NELTSLPWNB, M, ISTOP I MAKX,
13 BBV o NwsE e FP o AEWEF T s YSTRSIIBEAME2342)sCO2ARNXL23)
15 i ACUORUY(23) vELLENI23)sSELT(23)+CELT(23) HUFAWNDFS,
12 ANBHS 2 DFOWALIBC(73), N N2, 1IBC(3),PPI1D,73)sRIAMDALLD) S
17 13 BPPP I3 WL I3y VLOAD L0731 00yuT(73)sDET FACTIS12304,4)0
14 80230396 )1BY5(230604)sBTSOavA) LEL (62 ALPHAL23,:2)
8 15 #DSTRN(2304) yUPSTRNI23+4) sDSTRS(2314) sEELT(B8+4)40U(73)
16 #OP(73) s RMIN,IDUNIPLI73) o NS UBSIEAL23) REI(23) 3 1PHASE s
2 17 ALGDEX,IDUNL yLOCASE+SP(42020)+7ZP(234+2) 3 1CUUNTI2342) 0
18 #lEND(23) s dLCINSEC :
B 19 DO 2 1E=]«NE
290 D0 1 J1=1+4
24 V0 3 12=1+4
22 SUIEW]1+12)=D,
7 23 Cc essssgetee
24 c ELEME JT B MATRICES
2 25 DU | 13=1+6
25 BUIEs[1el3)30,
3t 27 BUIE» )21 )==CELT(IE)
23 BOIEs+2)==SELT(IE)
B 29 BOIEs201)=2SELT(IE)
30 BlIEe2e2)==-CELT(IE)
Ji BlIEv3e3)=1t,
32 BUIEs ¢ 4)=CELT(]E)
33 BUIE»244)==SELT(IE)
34 BUIEe ] +5)=SELT(]E)
3 35 BIIE+2+¢5)=CELTIIE)
36 d(IE04l6,=ln
4 37 C sespsenstee
a3 C ELEMENT S MATRICES
Q 39 S(LIEsv 2 1) =AE/ELLENIIE)
49 StlEs+2)=t}12.¢E1)/ELLEN(IE 03,
4 4] SIIE13402)=(=0e*EI)/ELLEN(IE) #02,
42 S(IEvu+2)=S(1E»3e2)
a 43 SU1Es293)=5(JEe3s2)
44 StIEs3v3)=(4,%ET)/ELLEN(IE)
49 45 S(IEs4e3)={2.9E])/ELLEN(]E)
45 S(IE0704)=S(150302)
& 47 S(IEs3+4)=S(IEs4s3)
49 S{IEs s H)=S([E+3+3)
8 49 DO 4 1=1+6 ‘
59 DU 4 gy=1e4
5 St c a8 oanbes
52 C t# TRAJSPOSE S ELEMENT MATRICES
2 53 BTS(Igslsdr=0
54 DO 4 =114
g 55 BTIS(IEs 1o g)=BTSIIEsleJI+B(lEsLsl)O0SIIESLIJ)
, 56 DU 5 1=116 )
& 57 DO 5 y=1lss
58 8TS8(1sJ) =0
& 59 DU 5 L=lsy




100.

8 9

Y

3 )
83 C L ALLEE RS AR RN ESRARX R AT Y
6 61 C ELEMEST STIFFNESS 4ATRICES
652 C B0 FEI O NS0 s AR ORLS
63 S BTSBL Iy JI=sBTOBIIvJI+LTS(IEs oL )oblIE L)
&4 DU 2 1=1+2
‘] 65 MC=NBFAMIIES1)
bb C SO e BRI RREPORULNTRDPSE0GaNHESR0 Y
1" 67 C ASSEMULE ELEMENT STIFFNESS HATRICES
68 c INTQ 5YSTEM STIFFNESS MATRIX
38 69 C (AA X PRSI RN A S Y 2N RS Y 2
73 V0 2 g=1e2 i
15 71 NCz=HBrFAMITEJ)
72 IFtpuc. LT MC) GO TO 2
17 73 ANF=(i4C=1)oNF
T4 NAF=(1C=1)8NF
9 75 InNF=(1~1)eNF
76 INF=( =1 )aNF
2 77 DG 7 L=1oNF
78 LK=MNF +L N
2 79 LE=[Nf+L
83 DU 7 LL=1,NF
-] 81 LLK=nyF+LL
82 TPt LT LK) GO TO 7
83 LLKzbL|LK=LK+]
84 LLE=JyF*+LL
85 C (A A Z X R RS AR XA AR AR RS FE DY S IS FE RS FY R FEFY PR YR Y PR Y Y]
85 C ELEMENT STIFFNESS MATRICES aSSEMSLEU IMTO0 THE SYSTEM STIFFNESS
” 87 C MATRIx, THE UPPER TRIANGLE 1S STURED iN COLUMNS FRUM DIAGOGNAL
g8 Cc CPOROE I CUODEVBINO RSN VRO a2 RC LSRRV UIDUROROCLOROCLAGN a0 CERY
3 89 RK{LK,LLK)Y=RR{LKSLLK)+BTSB(LE,LLE)
9 7 CONTInUE
21 2 CONTIUE
?2 DO 8 I=1sHDF
kY 93 IFUIBctI)EQL.1) GO TO 8
94 VO 9 =2 iiB3W
% 95 9 RRUJogl=0 ' .
96 RK{Jep)=1
97 Ii=1=)
98 IK=2
) 99 JJU=1=uBW+]
130 IFLJO. LT, 1) JJd=}
s 101 DO 10U 1J=11sdds=l
122 REU1J,[K)=]
a 103 10 IK=[K+1
104 " 8 CUNTINUE ’
49 135 C "Cili&'!l‘hb‘&'tﬂbﬁuﬁ"c.b;!ot@a'nlﬁaﬂ'.!?"OGQOOOUO"
106 C SYSTEM STIFFNESS MATRIX wRITITEN OFF ONTO TEMPORARY FILE
L 137 C BPO R A, 4PN LDRLARO S NPICR IR LSNP eDP RO DRSINIOEEBRaBENBE
133 ahITE(13) ((RK(T2J) s J=]ynBA)s1=1+NDF) ]
&3 109 RETUR
110 EnND
"85
57
59

61




101.

3
PLASLNwADPELL) SIRSIR
6 i COMPILER (XM=3)
2 SUBROLTINE SIRSTIR
' 3 COMMOU ZEXT/K(]157098) .
G C 80C O p RN FIOP IO NOOOPSO D GBI RCHRARNSIBRALD 9200 0 RRIACRRJACDERSD
° 5 C INCRELENTS OF STHRAINS ANy STRESSES AKRE CALCULATED. THE MGMENTS
A C ARE SCANNED Tu FIND THAT CL3SEST TQ YIELQIHG, ALL INTERNAL-FORCES,
" 7 C STRALWS ARE TUHEN FACTOREY SO THAT THAT OHENT EQUaLS THE YIELD
a c MUMENT
3 9 ¢ oCOOQoucnnoon0.000009!00.to,o.al.cgﬁco...leﬂv.c'c".gcoc..O'.OGCo
12 COMAO ,/BLKIZNRIUP s NCULP (1P (2342) s HF s HOFULZ3)2P(74),
15 11 BHE s IPFLTS(232%92) sPSTRN(23+4),STRN(23,4)«STRS(23+41,
12 NHWA Y 1ST 502304 4 NEL TS el PaidBB, MaISTOP o HAXS
iy 13 BNBW o EvEPVAEZEI v YSTRS NBEAM{2342)+CO0RDXI23)
14 BCOORPYI123)FLA EU(23)SELT(23) ,CEL T(23)atDFAVLDFESS
» 15 ANBWS s wDF B4R IDBCE73) 0l e N2 ITBCU3) PP L1Is73) eRLAMDALLO)
146 HPPP {31 owil (309 3Ll 0ACC1073),09T(73)DCT  FACTIS 23044900
a 17 HBE23000h) o BTS(230604)48TSBlss6)sDELIG) v ALPHA(Z2302)0
13 BOSTRINE23e ) 2 WPSTRINE23,4) 2 09TRGE2324) o EL TLBAVY)DULZ3) s
z 19 BOPUZ5) s RIINAIOUNIPLIET73)0Ss b5 eEAI23);RELIE23) 0 1PHASE
22 #INDEX,IDUML  LOCASEsSP (4242012 72P (2325 ICUUNT (2302}
® 21 #IEND(23) s NLCsHSEC
22 COMMON/BLKY/NODCHT(23)
a 23 REAL P
24 " LU ) JE=].NE
» 25 , Vo 2 usle2
24 2 ALPHA(IE s J)=04a
R 27 L=0.
238 LO 3 [=1e2 ’
= 29 TI={NSEAM(TIE L) =1) oNF
30 DU 3 J=zleNF
3 31 L=L+}
32 3 CDELIL)=RK(II+JoNH])
7 33 v 4 =14
34 DSTR9(IE«I)=U.
» 3g DPSTRu(IE.I)=0,
36 IIK=IPELTS(IEW1,2)
4 37 ITJ=1rELTS(IE2,2)
aa IFCIPFLTSIIE Lo deEQ, 1) DPSTRUULIE3I=RK(IIKING)
s 39 IFCIPELTSUIE» 2010 eEULY) LPSTRUCIE9)=RXK(ITIJeNB) .
43 DO 4 =16
45 41 C L R R R R LT Y IR
42 C INCRENEUT M THE TOTAL SI1RAINS
4 43 C MAAR S R A RS R R A AR R R NE XY I
L} 9 DSTRN(LE 11 sOSTRELIEZI )+ lIEsv o J)eoDELTJ)
49 45 DO 25 IY=3s4
44 DSTRU(TE+IY)=DSTRNIUIE+[Y)=CpSTRN(IEWLY)
Sl 47 25 CONTInUE
48 DO 6 1=1e4
53 49 NSTRS(TEs 1130,
50 DO & a=jey
o Si C essssastesssssnasdbine
52 C THCREAENT I STRESSES
s 53 C I A A E NN RN Y NS RN ENEEREY ¥ .
54 [ DSTRS(IE 1 1=USTRSUIEVII+G5(IE s v JI®DSTRN(IE v J)
59 55 C X X Y Y NN RN RN R Ny N Y Y L )
56 C CALCULATE FACTIR ANYD DETERMINE THE SHMALLEST
6 L7 C VL P00 800000800000 0000030 0,0aRCs0abostasoOR
Sy TEAIPELTSITIE v v 11 oEQ,0) ALPHACIE«1)=ARSIMPIIE,1)Y/DSTRSITE 23))
& 59 H=STR5{1E+3)/USTRSLIE3)




1o02.

i

T

3 3 N .
69 IFIABS(DSTRS(IE.3))oLE ] E=9) ALPHA(IE 1)8}eELD
s 61 IFCIPELTS(IES2+1 ) eEQ,0) ALPHA(IE»2)3ABS(MP{IE+2)/DSTRS({TIE14) )
62 B=5YRS5(1E+14) /OSTROUIE )
' 63 IF1ABS(USTRSIIE 4} ) oLEL1,E~9) ALPHA(IE 213l 4E20
b4 1 CONTINYE
° 45 RMIN=},E30
b6 DO: 7 1Fs)eNE
1" 67 LO.7 u=le2
¥} CIFCIPFLTIS(IEeJe1).EQ, L) 6O _TO 2
3 69 TFLALPHACIEWJ) +GT+RMIN) GO TO 7
70 s 11=1€
1" 71 1Jsy
- 72 RAINeALPHALIE »J)
" 73 7 CONTI JUE
74 NELTS=a(Q -
® 75 V0.9 JE=]NE
26 DU 9 Jale2
77 IFCIPFLTS(IEYJr1)4EG,]) 60 TO 10
78 CIFAJELEN, [1eAND, IJ,Fued) GO Yo 1O
” 79 VUMER(INZALPHACTIE s J] .
80 IFIpUN,LT.0,999) GO IO 9
LY 10 WELTS=NELTS+]
32 NELT(IELTS»1)=IE
83 NELT(LELTS e84 =J
84 HODCNTINELTS)IS IBEAMCIE Y J)
85 ? CONTINHUE )
86 C coéoo.g'coo.o!oo.oaoo!uio.'.'qo0.000000000030000000-0
] 87 c MULTIPLY ALL DISPLACEMENTS+QUTATIONS 1STRAINS» INTERNAL
86 - C FORCES»MOMENTS AND LOADS BY FACTUR CALCULATED ABOVE
8 a9 C 0!000-.00000.00-00ooo00!000.090000.0000000050000000.0
99 DO123 =} NDF
» 91 DUCT)I=RMINORK (I NB)
92 ul)=y(irenucl)
” 93 DP{I)=RMNINSPP(LP])
94 23 pidy=pi11+pPUI)
» 95 " 0011l lEa]eNE
96 DO31 J=1.4 ]
#“ 97 DSTRN(IEsJ)I=DSTRN(IEsJIORNIN
98 DPSTRL(TE J)=0PSTRNILEsJ)oRUIN
99 USTRS(IEsJ)sDSTRSIIE 1 JVeRMIY
190 STRN(IEsJ)=STRN(IE+J)+DSTRN(IE+J)
1al PSTRN(IEsJI=PSTRNUTE s JI+DPSTRHCIE 0 J)
122 STRS(IE¢J)=STRS(IE+JI+DSTRS{IFE»d)
193 11 CONTINUE
: 104 C 9880040000000 00000000t000¢0ey0y
9 105 3 QUTPUT RESULTS OF INCREMENTING (A
106 C €0 8s0estesess000etanstoegesy0,
B 107 CALL ouTPUT i
128 IFCISTOP,EQ.=1) GO Tu 24
L 139 NBBNBJA*HELTS
113 MENDF +NELTS )
L 111 TF{NL,LE,NCOLP.AND , {NDF+NELTS) LE<NROWP} GO TQ 29
112 PRINT 100
57 T13 100 FORMATIIHO126(%e®)0/s9 AYAILABLE STORAGE EXCEEDED®»
114 $/027(00%))
@ 115 sTop
114 ¢ CLEPI %P0 RR 200000204000 300,000000000000
o 117 C RECOVFR SYSTEM MATRIX DESTROYED IN SOLVE
ll!) C 000 0200000000003 4000000003000 bpboane
L 119

29 REWIND 13

i e e e - e i+

R



"

17

103.

8B 3

8 3 8 8

122 READ(13) ((RK(X.J)ed=1eNtsW) , I5)sluDF)

121 IFINELTS.,EQ.U) GO TO 28

122 DO 14 11s1HELTS

123 NR=NDF+11

124 HC=HB v+ 1]

125 DO 15 I3].NR

1256 15 RK(1enC)=Q

127 LE=NE|, T(ILs1)

123 JJSNEL T(I1e4)

129 DO 17 1312

132 NRR=((HBEAM(IEsT)~1)oiyF

131 NRE=([=1)eNF

132 C .....,jo.ooocnﬁuctoooo‘-.ac.occO.o-ooo.o»tO'cuccooo
133 C AUGHENT SYSTeM STIFFNESS MATRIX BY RUWS AND COLUMNS
133 C OF EXTENOED SYSTENM STIFFNESS MATKRIX CORRESPONDING
135 C TO PLASTIC HINGES

135 C .nc....000000000-0000005000QO'ODQOibOCOOQO'OOIOOOOO
137 ! DO 17 J=1+WF '

139 17 RK(NAR+JINC)I==8TS{IE'NRE+J 1 Je2)

139 RKINR NC)=S{IEsTJ*2,41J¢2)

140 ‘JJU=SNCe+ ]

14} D0 18 J=JJeNB

142 14 RK(NR,J)=Q '

143 28 DU 27 13]1.NDF

144 [ PPV Peeets 0PSB OO Y

145 C ADD In LOAD VECTOK

144 C ebtatoutrossndones

147 T 27 RK(TeuBd)=PPILP])

1499 24 RETURN

149

END
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g 8

€ 9 8 8

3
PLASLHeADPF (1) OUTPUT ~
L] 1 COMPILER (xM=23)
2 SUGROGTINE 0JTPUTY
i 3 COMMOU:y ZEXT/RRK(157+98)
4 [of 4905000080000 00400%20080608200 30900903380
° 3 c OUTPUTS RESULTS AFTER EACH JNCREMENT -
A C 2080044200309 80308000 9080300408802 0008
1" 7 CUMMON/BLK]I/ZHRDAP s HCOLP s HP(2342) s NFoNDF,ULT73)4PLT73),
8 b s TP L TS123¢902) s PSTRNI234410,STRUI23,4),STRS(2324),
-8 9 BHBAAY [SIGU23+49) NELTS»LP NB M, ISTOPsMAX,
13 BB EVEP s AL o E L o YSTRS o N3t AME2302)2¢00RNX(23) s
18 1§ BCOORLY(2I)2vELLENT23) +sSELT(23),CELT(23sNOFAINDFS»
12 SUBWS s JDF YA IBCE73) oIl o 2, TIHMCIIIPP(IN,23) REAMDALIOY S
\ 13 #PPPL3)+fiIL13) s JLOADI1073)200T(73)+sDET,FACT5123:444)
14 83423 306)  BTS1230609) eBISU AIA)DEL (O AL PHAL23,42)
L 15 BOSTRN(2314) DPSTRN(2344) 4 DSTRSI23+4) s NELTIBB14)40Ul73)
16 HOPU73) o RAINLIDUMIPL(73) s MSeBSeEAL23)RET(23)Y,IPHASE
L4 17 HINDEX , IOUMLLOCASEsSP(42120)+2P(23+02) 4 1CUUNT(2342)
13 BIEND{23) s NILCoUSEC :
2 19 COMMON/BLKA/RLOFCTU30 s NLLwDLDFCT(3Q),ALDFCT3Q)
29 COMMO /8L KY4/H30CHT(23)
B 21 CUMMUN/BLK/IRP, ISHORT 1 1TAB
22 —IF(DET.NE, D) GO 10 %01
23 1IFtIDuUN+EQ,=1) 60 TO S00
24 501 REAL up
25 NElang 1+
25 IF(NLY.EQal) NOUY=2
" 27 !F(lsHORT.NE.l)PRINT 200.NL 1 :
28 200 FORMAT(IH] o *RESULTS AFTER®+14.2X,%10AD INCREMENIS® /)
29 NOUTanoUT+
33 TF OIS ORT NE JIPRINT 200 o ANCLT(IE 1)} IE=1sNELTS)
Al 201 FORMAT(1HOs*NEXT ELENENTS To UNDERGO PLASTIC DEFORMATION 5%,1015)
32 IF{ISHORT NELLIPRINTY 202, {NQDCHT(IEY v 1E=1sNELTS)
33, 202 FOQRMAT(IH »*AT NUDES : *,10]%7
34 2 IF(]SHORT . HELLIPRINT 203,RMIN
as 233 FORMAT(IH +*AT LUAD FACTOR®* Elle6047/)
s DLOFCTINL]I)=RAIN
“ 7 RULDFCT(LP)=RLDFCI(LP)+RMIN
3s JIFIISORT.NE,I1IPRINT 30|
39 agi FORMAT(IH +///726K+* IHCREMENT IN LOADS*.28X+*TOTAL LOADS*;
12 $/elUX,*NOOE® 16X, 0PXY 9 10X+ *DPY 10X *OHOM e 14X,s'PX*, i
41 BLEX, e pY? o DK QN v /)
42 D@ 333 1=).NN
43 WR=(].]l)eNF
44 - JSNR+ |
45 K&NR+
46 . LeNR+3
L 47 C 0680040030000 3000%05000080000000,
49 C INCREHENTS IN LOADS TOTAL L OADS
L 49 C 00 008,0000008000000800008 408000000
50 IFLISHORTLNELIIPRINT 302,1sDP1J)sDPIKYsDPILISP{JIPLK)sP L)
L EY) ae2 FORMAT(IH o 11XoI2e4X9s3(E10,5¢3X)¢4X+3(ELU-Se3X))
52 333 CONTINUE
s 53 IFCISHORTNE, L)PRINT 334
S4 C odoo‘..‘c-ooo.OQOOO00000'00¢000000-Oooocntuoocll.
% s5 4 INCREENTS IN DISPLACEMENTS TOTAL DISPLACEMENTS
EX C 80000300004 0000800000000000000000208000800400000000s
o $? 334 FORMAT(LIH o//7/7¢2UXs *INCREMEUT IN DISPLACEMENTS®, 25X,
o 93 BOTOTAL DISPLACEMENTS® o/, JUX, " NODE*+7X+°DUYe11Xs DV, 10X,
59

BOUTHETA' 912X e U s 12Xe Vs L IXs1THETA 12}

i
i



105.

“

3 -
69 DO 333 I=j.NN
] 61 NRE(]a])enNF
62 J3INRe+)
[ 3] KaNR+2
b4 LaNRe3
] 65 IFCISHORTWNELLIPHRINT 33641 +DUIJI sDULK) oDUIL) s UL JI) eUIK)IsU(L)
X 336 FORMATOEH o1 1Xo 294X 30E10,593X)94X33(E102593%X))
1" 67 335 CUNTInUE
68 ~IFULISHORTLNEL1IPRIY 303
3 69 3Ud FURMATI L o///7 02420 * INCRLUAMENT IN STRAIHS® 42X, TUTAL STRAINS®
73 Bo/ 9} X,*ELEMENT® ,6X 0 *AXTAL? o 3X, *SHEAR? 47X+ YDTHETA(A) "
18 71 BEXR e DTHETA(DB) o P IXovAXIAL Y 93X, *SHEARY ,6X ¢ THETA(A) ?,
. 22 BoXs *TETA(R) /) i
17 73 C SE0 004004040000 e 0008003080080 080080
74 C INCRE:EHNTS IN STRAINS TOTA]l SIRAINS
9 75 C 0004400000000 P00 sITRN gty
16 DU 337 1H=s]NE )
o 77 IFCISHORTONELIIPRINT 304+t Ine(DSTRNIINVILI v I)s)ed)e
73 #USTRN(IHs12)e02=144))
] 79 304 FORMATIIH «3Xel1206X 0 4(EL1Q045,3X)s6Xe4(EID.503X)07)
8 337 CONTINUE
s 81 IFCISHORTWNELIIPRINT 338
32 338 FURMATULH o///¢56X+'PLASTIC STRAINS® 1 /941X *ELEMENTY o
7 33 BYXs ¢ TUETAP(AI s X+ *THETAPIHB) )
a4 DO 34p IE=) W NE
2 as . IFULSHORTWNELLIPRINT 339,1E,(PSTRNIIELI1)s11=304)
96 339 FURMAT(IH +43Xe12+s5X+,E10,5s5X,E105)
n a7 340 CUNTIRUE
ag IF{ISHORTWNELLIPRINT 305
3 89 [ P00 N0PIE0E0POOIRRIIOPEILNSLS
90 C INCRENMENTS I INTLRNAL FQRCES
] 921 [ #0000 000000000000 c0 000000,
?2 305 FORMAT (1A o///9 40X *INCREMENT IN INTERNMAL NODE FURCES® e/
n 93 BUXK e E EHENTY o 7X o *AXIAL® s 19X, 'SHEARY s 18X, *SENDING(A) *»
24 RIOKy *oENDINGI(B)YY /)
& 95 DO 345 lE=] +KE
96 IFCISHORTWNE.JIPRINT 306+ (IFs (OSTRS(IEWIYsI=1,49))
7 ane FORMAT(LH o1O0UXeJ24¢7XsEIOQ, 56 0XeEJU,591SXsE10.5+10XsEL0.5)
93 345 CONTINUE
® 99 IFUISHORT.NELIIPRINT 307
109 C 800040 ssnssts0nreny
L 131 C TOTAL JINTERNAL FOKCES
102 [o 080 essbsT00 00000 etne
a 103 307 FORMAT(IH +///+94949K¢°TOTAL JHTERNAL NODE FOURCLS®+/e2X4
104 BOELEMENTY o6 X o "Ax 1AL s P7X o *SHEARY 16X s "BENDINGIA)? 44X
® 105 HOYIELD AOMA® +4X, "BENDING(3) e o4Xs *YIELD MOMB® o+ /)
198 D0 945 I[E=1.NE i
51 137 IFCISHORTWNELIPRINT 308,1E,STRS(IEs L) eSTRS(IEN2),
138 #STRS(OIE3) s HPIIEV 1) WSTRSYIE,4)sMP{IEY2)
8 109 aos FORMAT(LH +4Xs1296X06LEFYU5,4x1}) .
110 245 CONTINUE i
[ B8 151 D0 349 I=1+NUF
112 DO 349 I[E=].NE
L 113 IF(ABS(STRSIIE3))/NMPLIEVI) ,GT,1,001) GO TO 280
114 IF(ABS(U(1)),.GT. 1) G0 TO 28p
® 115 IF(ABS(STRSUIE 4 ) ) /HPLIE2),6T,1,001) GO TO 289
116 349 CONTINUE
o 117 GO TO 199
118 280 ALOFCT(LP)=RLDFCT(LP)
L 119 LPaL P+l
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a1

k]
122 C 089000090803 000002030380008,4306880030000000868e0000
8 121 C IF A nECHANTISH HAS FORMEU COMHENCE NLXT LOAD CASE
122 [o G004 28 0008 0B 000008000300 a03000000000RRUR8BBG00
! 123 IFCISHARTWJHE L LIPRRINT 279
124 279 FORMATUIN 2//7/7256XK0160080)0/156X*AECHAN]ISH FORMED® o/,
-] 125 855Ky 1al%e0))
126 IFUISHORT W NELIIPRINT 2799 0N 1
" 127 2799 FORMAT(IH o//7+13X0920(%®% ),/ ,13X0? RESULTS OF ¢
120 #' THE ABOUYE ITERATION®s 1340 HEAMINGL LSS DUE*
8 129 #* TO THE FORMATIUKR OF A MECHANISH®e/+13X+90(%00))
13) C G800 3006008040020 94000 0000 getabense
18 131 o IF ALL LOAD CASES +HaVF BEEN COMPLETED
132 C CHOOSFE AUEQUATE SECTIONS FOQR
7 133 Cc R R T Y Y P TP TRy P PRy
134 500 IF(LP,GT,NLC) Call SORT
R 135 IFCISHORTWNELHIPRINT 4004,LP
136 400 FORMATUIHL/Z// 056X " LOAD CASE'9+2X312)
fn 137 VET=0
133 IbUm=21
2 139 VO 49U 1=1NDF
149 Utily=p,
% 14) PliI)=P(]) .
142 C wed90 4400000000008
& 143 C INITLIALISE VARIABLES
194 C 0000 ae0Cc s BEO O
145 101 P(Iy=0,.
146 DU 4yp TE=1.+NE
b 147 DO 402 J=1+4
143 DO 402 I=1+2
3 149 DSTRH{IEJ)=0
157 LSTRS{1EJ)=0
151 IPELTS(IC s LsJ)=0
152 PSTRN({IEs J) =D
w 153 STRN(IE»J)=0D
154 STRS{IEJI=0
» 155 402 ISIG(IE+J)=0.
156 NELTS=0D
oL 157 NL1=0
153 HBaNB YA
o 159 M=NDF
160 DO 403 I=] 'NDF
4 161 4G3 RK{LonuB)=PPILP ]
162 404 CALL SOLVE
163 405 CALL STRSTR
164 TF(NELTS,EQ.0) GO TQ 404
49 165 CALL ITER
164 GO TO0 405
u 167 100 RETURwW
1468 : END
58
57
59
81




107.

PLASLYeADPF 1) ITER

5 1 COMPILER (xM=3)
2 SUBROUTINE 1TER
' 3 COMMON ZEXT/RK(157498)
4 C [ I XXX XX XXX XXX X )
3 S « ITERATION PRUCCDURE
L C 29042432002 080809080
" 4 COMMUN/ZBLKI/Z/WROYP s NCOLP+HP{23,2) s NF+HDF,UL73),P(73),
a RNE o IPFLTS{230492) s PSTRN(2394)  STEN(23,4)STRS(2334),
3 9 UNBWAS [STG(23+4) s WELTSHLPWNB,ids ISTOPINAX,
19 BNBAN NI o CoEPy AESEF Lo YSTRS HEA4( 23523, CO0RDX(23)
15 11 BCOORUY(23)+ELLENI23)+SELT(23),CELT(23)sNOFAINDFS
12 BNBWS ¢ sDFBiAEBCIT3 otel oN2, 1IBC(3)9PPI1D,73)sKLAMDALID),
i 13 HPPP (314 WL (31 eYLOALLI0s73140UT(7314DET,FACTIS{2304:4)
14 #6123 §06) sBTS(23¢604) vBISB ALY LEIL (6] A1 PHAL2322]) s
» 15 HDSTRN (23941 UPSTRI(2344),05TRS (23943 'NELTEBB14)DUITI)
16 BOP(Z73) o RNIN ALY o PLET73) 4y MSe8SeEAL23) JBET(23),1PHASE S
o 17 RINDEX.IDUMI-LOCASE-SP(QZoZD)-zP(ZJ-Z).ICOUNT(23.2)-
13 #IENDI23) o NLCIHSEC
2 19 COMMON/BLKI/RLUFCTI30) sNLLI»DLDFCT(30) ,ALUFCT(30)
20 COMMUII/BLKI/IUP, ISHORT 1] TAB
3 21 C $0000200000230 00090000000 0000 000000000000 00000
22 c ROWS AND _COLUMNS OF THE EXTENDED STIFFNESS MATRIX
Ly 23 C ARE #¢ITTEN UFF ONTO TEHPORARY FILE
24 C 0000000000.0.OOcot.t.’.i.oa,caoog.oocQQOQQ0600..0
2 25 REWIND 14
26 WRITE({]4) ‘(NK(I'J)JJ}NB“A¥HB)'l:[l")
3 27 DO 2 I=1+NELTS
28 2 NELT(1.3)3)
8 29 16 CALL sOLVE
30 DO 3 |3lsNELTS
38 31 3 NELT(1+2)=3
32 DO 4 1R=HUDFAM
¥ 33 11=1R-NDF
v 34 IE=NELTIITs])
» is JeNELT(II %)
36 IF(ABSIRK(IRNS)) LT, 1,E-0%] GO TO 4
4 37 C 6060020000008 00000 0000000004900 g00% 000000000
33 (o CHECK THAT PLASTIC ROTAT]ONS AdD MOMENTS ARE
9 39 C OF TH: SAME SIGN
43 C 080230000000 C0 8¢RI RRPRE NP OB RIBOYESD
% 91 IFCCRKEIRINB)®STRS(1E+J+21) ,GE.O,) GO To 4
' 42 NELT(11+2)=0
4a 43 4 CONTIuUE
44 . DO 10 11E=2},NELTS
“ 45 10 IF(NELT(IIE+2).EQs0) GO TO 1
44 G0 70 |2
5 47 Il REWInL 13
43 READ(]3) ((RKUI,J)sJd=]eNBW), IalesNDF)
& 49 REWIND 14
59 READ( ) 4) ((RK(1,J)vJ=NBWAINA) ;13]1,M)
59 S DO 14 IE=1+NELTS
52 IFIHEL TUIEe21eEQel) GO TO )4
2l 53 J=Npw+lE -
54 DO 15 J=1,M
5 55 15 RK([s41=0
o1 56 RK(NDF+lEsJ) =)
57 HELT(1E+3)a0
s$3 14 CONTIwYE
& 59

$0 TO 16
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12 DO 17 1€a)sHE

-]
[} DO 17 J=1,2
62 372 1PELTstIEsuaid=g
[- X JIECEOUTLISTOR)I=QUT(ISTOP=1)),GTeU) GU TO 19
64 DO 20 11=1,1510pP
65 . 20 TOUTEITY=0, '
bb ALDFCT(Le)=RIDFCTI(LP]
67 lE(NLx.Eu.ll ALDFCT{LP)=DLDFCT(NL})
63 LP=LPal
69 10UN=-])
72 DETa(
71 1SToP=0
72 . IFt{ISHORT NELLIPRINT 702
73 702 FORMAT(IH o///7+57%X1210%00)0se57X,
74 #YINSTARILITY INDICATED?® /52X, 2 (9%} )
75 CALL ouUTPUT
76 19 DO J8 =1 .NELTS
77 lQ(NELT(l-3).EG.0-AND.ISH0RT.NE-I) PRINT 702
79 C sétevgnts
79 c UNLOADING .
83) C XAy
81 IF(NELT(I+3)1.EG40) ALDFCT(LP)IaRLDFCT(LP)
82 IF(NE  T(14,3) . EQ,0) LP=LP+}
83 IFINE(T(1,3).Ed.,0) 1DUM=-]
84 IF{NE  T(1,3),EQ,U) DET=0
85 IF(LP,.GT ,NLC) CalLL SORT
86 IF(NE| T(1,3),EQ,0) CALL oUYPUT
a7 CTESNELT(I4])
88 JENELT (I 4)
89 IPELTS(IE Joeld=]
29 IPELTS(IEsJs2)=NDF+]
91 18 CONTIWUVE - ,
92 RETURN
93 END

IPRT+S ADPF.SOLVEDs eELTHAD s o STRSTD» « OUTPUD 4 ITED

.

M

RUTY Ve
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8 % w 8B

8 89 &2 8

PLASL"YeADPF (1) ,SOLVED
8 1 COMPILER (XM=3)
2 SUBROYTINE SOLVFELR
' 3 . COMOn ZEXT/HKLI197498)
4 C 0000840020000 0 0008800000000 3830000000088 0838 ¢000 0000030 00
3 C SULUTION ROQUTINE FOR DEFORMATION ANALYSIS : GAUSS~JORDAN REDUCTION
' C -Otaocotoco.obboc'b'a'oﬁoﬁc-noo0.-,0-..aﬁ:ig;olgvnlgoei;.gl
1" 7 COMMON/ZULKIZHRAUP s NCULP MP (23412 o NFaNQF oy(23)4PL730),
2] HHEY [Pl TS{23e¢4 92V PSIRNI23093  STRN(23,4)48TRS$2304),
-3 9 BHNBMA» ISIOI2394) s NELTSHILPsNB, M ISTOP MAX,
o 11 BHNOY NN EsEP AR v Flo YSTRS JHBEAMI2342)3CO0RNDXI23) s
15 I #COORDY(23) +ELLENE23) +SELTI23) 4 CELT(23) 1ROFASNDFS,
12 #NBWS o ), DF3 AL JBCIT3) o lolize ] INCEIIPPII0A,73) KL AMDAL]ILI)
7 13 APPP (31 e0LU3)»WLOADILIO0073)20UTI731+DCT  FAGCTIS(23+4484)s -
11 #8(230406)BTS(230624) 13TSHAv4) o DEL (51 AL PHA(23421) 8
9 s  HBOSTRAN(23¢4)UPSTRNI23+4)s0STRS(23¢4) vNELT(8804)40ULT3)
—_ds #OP(73) RUIN,(DUNPI(73) MSeyNuBSFA(23),RUI(23) . IPHASE,
7 17  HINDEXIDOUMI o LDCASE 'SP (42+20)+2P(2342),4,1CQUNT(2342)0
14 HIEND(23) (il Lo HSEC
19 REWIND 15 .
29 READ(1S) ((RK(I J)od=loetip)eg=)oM)
21 " DO 33 1=1eNDF
22 33 RKO]oeyR)=sNLQOADI| DCASE )
23 REAL P
24 LS aM~y
25 : NBS=aNg=]
26 NBWS=nDRHe]
L 27 NUFBaazHOF~NBuUS+1
28 KKENB Y
29 i KasNDF
32 1 DO 90n IE=]«NE -
3 T DO 90n J=19
32 KKEKK +]
33 i K=K+
34 ¢ IFCISIG(IEsJ) s NELO) GO Tg 901
a5 DO 902 L=KK.NB
35 902  RKIK. )=0,
4 37 00 903 L=apeK
3s 9023: RKUL+kKV=0,
39 H RK{KskKl)=],
49 ! G0 70 900
41 908 RKIKesiBI=2=ISIG(IEIJ)YSMP(IE Y y=2)
. 42 200 CONT]JUE .
ar 43 —— 0&Ef=t.
44 VO 1 JR=1.NDF
°© 45 IFLIR.EQR,NOF) Go TO 10 -
46 I8=2IR+ 1
o 47 18B=[R+NBWS
48 IFUIBx,GT«NDF) ]38BanNDF
49 [ NCOLL =NBWS
50 ' IC=2
91 ! 00 8 1=13.1BB
52 ICC=|¢
83 IF(RK(IRs1C),EQ.0) GO TOo 20
54 FACT=RK{IRsJCI/RKIIR 1)
55 IFUIR.,GE.NDFunA) NCOLL=NUFA]
56 DO 9 g=leNCOLL
o 57 . RK(T+J)=R&(I+JI=FACTSRK(]RsICC)
- 58 i 9 ICCalcCrl

y DO 16 JaNIWANB




110.

RKE1o))=nK(lsJ)=FACTORK{IRs )

NCOLL=NCULL=I
1C=1Ce}

DET=DFT®*(RK(LIRs L))
IF(NE; TS, EQ.Q) GO _TO ]

"

17

8 31 8 8 2 8B % u

2

NCOLFatbBWwA
D0 J5 I=nNDFAM

IF(RK(JReNCOLFI.EUG,0) GO TO IS
FACT=pK(IR«NCOLFI/ZRK(IR,})

DO 17 JU=NCOLFNB
RhCI e y)=RK(JoeJ)=FACTORK(]IRs )

NCOLF=NCOLF+1
CONTINUE

IFINELTS.EQ.U) GO TO 21
IF(NEL TS.EQed ) GU TO 11}

NCOLF=1BAA
DO 2 IR=NDFAWNS

IRA=z Rl
1C=HNCHLF+]

DO 3 I=IRAWM
IFIRK¢IRs1ICY,EQ ) GO TO 3

FACT=DPK{IRICI/RKGLIRVNCOLF)
DO 4 y=IC.NB

RKUTs IERK(TIsJ)=FACTeRK (IR y)
IC=s]1C+}

DET=DgET*(RK{1RsNCOLF))
NCULF=nNCOLF*1

CUNTINUE

RK(Merip) =RKIMeNB)/RK (MsNBS)

DET=DeT*(RK(NsNBS)) .
1FINELTS.EQ.1) GO TO 7 . -

NCOLF=NBS
DO 5 IR=MSsNDFA,=}

IRLES Y
DO & J=NHCOLF «HBS

RKOIR,NBI=RK{UIRNEB)=RK{IReJ)SRK(I1)NBY
1I=11+1}

NCOLF=2NCOLF=1 )
RKUIR,NBI=RK(IRHB)/RK{IR'NCOLF)

~jwn

IIaNDFaA.
DO 12 U=NBWA W8S

D0 13 1=1.NDF
RKUI v wB)=RK(I+NB)-RK(T11J)*RK(I]I+NB)

1i2]1e1
RKIWDF sNB)=RKIHNDF s NB)/RK{NDF o}

DO 4 IRaNDFSele~]
11=1R+] . b -

NCOLL=NBA )
IF(IR.GE.NDFBVWA) NCOLL=NDFA=IR

DO 19 J=2.NCOLL :
RKUIR,NHB)SRKIIRNBI=RKIIRsJIORK(TI+NB)

Ii=11+)
RKIIR,NBI=RKIIRNE)/RK(IRs1)

RETURN
ENOD
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3 .
PLASLeADPF (1)  ELTMAD
5 1 COMPILER (XM=3)
2 SUBRQUTINE FLTMAD 5
! k] COMMO ZEXT/RK(157194)
4 C 8280500900080 0200000008008 ¢80 49920400000 ¢933809000803898 00,80
® S C SETS uP DEFORMATION AND STIFFNESS MATRICES FUR EACH ELEMENT
LXK ] * & sSepee * L
W 7 COMMON/BLKYI/ZUROWP +HCULP v MP (23 ,2) s NFoNDF,UL73),P(73),
3 ﬁ:‘JE-IPrlTS(?‘!-'“?).PSIHN(')3.1.11.QTRN(?)';A“.QTRQI?ZL;I&).
3 ? SNBWAC1SIGI2314) s NELTSILP I NB, Mo ISTOP I MAX,
13 - UNBid g I EvEPoAE s EL W YSTRSO P NDFEAML2302),CO0RDXI233
s 11 #COORDY(23) sELLEN(23)+SELT(23),CELT(23)JsNUFAINDFS
12 HNBWS o JDFBA IUC(73) 2 NLoN2o1183CL{3).PP{10,73)sRLAMDAL)O)
f 13 BPPP{3) il (3)orLOADITIO731400TE73)+DET,FACT+S(23 04,4}
14 #30230496) ,8TS5(2306+4)28YSA0A6)UFL(6)ALBHALD302])0s
9 15 SOSTRN(23+14) ¢UPSTRNI23+4) ,DSTRS(23 04} sWELT(BB4)4sDU(73)
16 BOPCZ3) o RAINGIDUMIPIL73) o MSoulSsbEA(23),RFI123),1PHASEY
a 17 #INDEX, IDUM) JLDCASE+SP(42420)4ZP12342),1COUNT(2302)
13 HIEND(23) s HLCWNSEC
2 19 COMMON/BLK2/CSTRS(LO0v23,4) oEFFLENC23),1COLELO0Y
2) HCM1023)CM(23),PEL23) W BUKCHK12302) +BHMI23) RMMI23),
L 21 HOMP(223) «RETURNC 10423}
22 CUMMO/BLKALE/SSP(23,20)
23 COMMO.J/BLK9/IBP, ISHORTITAB
24 REAL P
2 25 00 333 I=1+M
26 VO 333 J=)elid
» 27 333 RK(Isg1=0. .
28 DO 2 1E=]1)NE
<} 29 PO | 11=1+4
39 DO 3 j23l.4
8 31 3 SIIEsT1+012)=0.
32 C *80s0antee
9 33 00 1 132146
34 1 BlIEs11+13)=0,
s 35 - BUIEs |+ 1 1==CELT(IE)
36 BUIEwj92)==SELT(IE)
4 37 BOIEv241)=SELT(IE)
33 Bl1Ew2¢2)==CELT(IE)
39 BIIEs2sd)=].
%9 BOIEW 1+ 4)=CELTI(]IE)
“ 4] BUIEs204)==SELT(IE)
42 ‘BULIEs 1 +5)=SELTLIE)
43 B{IEv245)=CELT(IE)
49 BOIEsweb)=]
“® 45 C e00cap00es ’ e
46 S(IEs 12+ 1)=EACICY/ELLENLIED
5 47 S(IE12+213(12.9REI(IEIV/ELLEN(IE) ®03,
43 S(lEo\nZ)-(-é-OREl(lE))/tLLEN(lE)Ooz.
8 49 StIEsv442)=S(1Es3¢2)
50 St1Ev243)=S(IE13+2)
51 SUIEs3+3)=(4,oREICIEII/ELLENCIE)
52 S(lE-an)-(Z‘ORElllE))/ELLEW([E)
Ly 53 STIEs2+41=S(1Esa02)
54 S(IEs3s4)=2S{IEvge3)
o 55 SUIEs4+41=S(1Es3e3) : -
56 C ev®pspectre
) 57 LU 4 1=1+6
53 00 4 g=le4
& 59 BYS(Igeledra0
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=

4

s .
[-%e] D0 § 1 =1+4
6 61 4 BTSOIEvIsUI=uTSE v I +ullEsLsl)oStIEILsY)
62 DY S 1=1e6
N 63 DO 5 ygales
64 BISB(I.J)=0
9 65 DU 5 =14
bbh S BISBI1J)=pToBE e J)+nTSIIE ol YO ITIE] 9.4}
" 67 DO 2 =142
%1 BC=NUEAMIIFEL1) —
3 69 DU 2 y=lr2
7. HCaNBEAMIIE )
15 71 IF(NC,.LT,MC) GO TO 2
12 MnFa(nC=1)elF
7 73 THNFE(C~1)eNF
24 IhFs{ja]l)eNF
9 75 JHNF=(J~1)eNF
76 ‘DU 7 I =1nE
o 77 LK=MiF+L
79 LE={NF+L
2 79 VO 7 LL=1.NF
83 LLK=NLF*LL
5 81 IF(LLK,LT.LK) GO TO 2
92 LLK=L) K~LK+}
L4 33 LLE=JF+LL
8!’ c &.AloogglciilcﬂiolﬁIQG.OOQCQQO."QOQ‘Q'0&00.0.090.00&0000‘0009°
2 'E} C ELEMENT STIFFNESS MATRICES ASSEMBLED INTO THe SYSTEn STIFFNESS
‘ 85 [o MATRIx, THE UPPER TRIANGLE 1S STORED I[N _COLUMNS FRON DIAGONAL
87 [ RP090 0000000800000 00000 00e0tetR00PNLERGO00OORNDBIOCLO00GcRORSD
83 KKILK LLK)=RKILKoLLK)+BTISHB(I E,LLE)
8 89 7 CONTIWUE
) 2 CONTI43UE
91 DO & JE=1,NE
92 1C=Nb  + (IE=1}904
1 93 T T1END=1
949 IR={NJEAMIIE«TI1FND) =] ) aNF
% 95 DO 23) 1=14NF
76 00 233 J=1.4
4 97 231 RKEIR+1+s1C+J)==BTSIIE L4 J)
93 1IEND=2 -
99 LREINBEAM(TES TTEND) =1} sNE
139 ‘//ﬂbo 2372 1124.6 .
@ 101 VO 232 JJ=1e4 .
102 232 RK{JR+11=3,1C+JJ)=«BTSLIEILvgJ)
133 IR=NOF+(IE-1) 4
104 ‘DO 347 I=1+4
“® 135 DU 347 J=l.4 ' . N .
106 347 KKUIR+ T+ IC+J)=S(IEVT v J) ]
51 137 3 CONTIWUE
128 N=NgN+49oNE+]
63 139 DO 8 [=al+NDF
110 1FtIBCctl).Eq.1) GO TO 8
11 D0 9 u=2sN
112 9 RK{Tey)=0,
er 113 KK{Lvd=T,
114 1laj-)
& 115 IK=2
1% JJIaf=ypW+|
& 117 TF(Jdd. LT 1) JJdatg
114 VO 10 1J=11sdJr=1
8 119

RK(1J,IK)=a0,
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IK=1K+1

CUNTINUE
Rewlng 15

HRITLE1S) ((RK(GIeJ) o d=totig)yIl=1e1)
RETURY

144

C N

L))

57

6@
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a3 } )
PLASL 1« ADPE (1) STRSTO
[ { C . OOOroQ'Qin00000-lcnlo‘.t-.cgﬁ‘oociocoocﬁncucp!cc.qooaoggtutﬂo
2 c STRAINS AND INTERNAL FORCES ARE CALCULATED AFTER FACH ITHRAYION
. 3 C 00.0..000000000::0et.o-o.o:ocgooatctngaocno!oncbueoccu.s-30.000
4 CUMPIIER (XM=3) : _
2 5 SUBROTINE STRSTD
A COMMQO:y, /EXT/REL1572956)
" 7 CUMMUL/BLKI/ZNROYP s HCULP s ptP{2342) s NFoNDFUL73) P (730,
9 UNEL 1P| TS(23e802) 1PSTIRUIE7I045),STEHID3,4)8TRG(23048)
3 9, ) HHONAS1SIGI23¢4) yNELTSILP B, M, ISTOP MAX,
19 BHBI NI EVEP s AEVET v YSTRS s ji3EAME2392) s COIRDXL23])
15 i HCUORDY (231 4 ELLEG(23) 1SELTI231,CELT(233¢HUFAIINDFS
12 B8NSy GOFBWALLIBC(T73) o]l oW2s I INCE3) yPPI0,Z3) 2 RLAMDACIO) Y.
” 13 BPPPU3 ) oL 13) 2wl DAL LIUeT3) 00T (731 +DET FACTS({230444)
14 588230495 6) s BISL23e694)BTISHA0 A aDE) L6) 28I PHA(22,42)s
‘9 15 GOSTRN(2314) sDPSTRNI2314) y0OSTRSI2344) s NELT(BB4) sDULTI) s
) 16 #OPE73) yRUINSIDUNePL(73) 3 MG e G EA(23) RF1123) IPHASE
a2 L7 BINDEX, IDUMLsLUCASE »SPL42:203 2P (23+2),1COUNT(2302)
12 HIEND(23) W NLCHHSEC
2 19 COMMUN/BLK2/CSTRSUIQ 2344 ) sEFFLENI23)41COLI1D)
23 #CML(23)CM(23)oPEL23) »BUKCHK (23220 2301023 ) 2RMHE23),
5 21 BOMP(23) s RETUKNE1U»23)
22 CONMOI/BLKZ/LCRTICS —
23 CONMOL/BLKB/DEF (IO 73) sDEFCHU(2003) sNCHUSWNCHDEFCHL20,+3)
24 REAL 4P '
25 IDUM=n
24 BO_ 7 1=1yNDF
3 27 7 ULE)=rK(14NB)
23 : DU | [E=1sNE
29 =0
3) . D0 2 J=[44
31 2 PSTRH(IEYJ)=0.
32 JJl=eJE+NDF =1
33 K=%helE+NOF
34 PSTRN(JE+3V=RK(JJI o NB)
» 35 PSTHN({JE»4)=RK{KsNB)
) 36 DO 3 J=1.+2
#“ 37 TI=(NQEAMIIEs 1) =1) oNF
33 00 3 g=1lNF
@ 37 L=b+ . -
49 3 DEL(LY=RKI]I+JsnNB) : -
4 41 VO 4 1=1s+4 :
42 STRNIUIEs1) =0,
a 43 DG 4 J=146
(L] [ svsge gy
@ 45 13 STRAINS .
14 C 2 AT XX}
5 47 4 CSTRNCIE«I)=STRN(IEo L) +BUIEsTvy)®DEL (V]
483 DO 66 1Y=3e4
49 66 STRECIEVIV)I=STRNIIES[YI=pPSTRNIIESIY)
59 U0 & 1s3lv4 )
. 51 STRS({IEsI1)=0,
52 DO &6 =iy
&7 53 C " S00s0enteNIsEtDe
54 [ INTERNAL FORCES
&9 55 C *e%orustsonedev,
5% b STRS{JEsI)=SIRS(IE I} +SUIEvJ v JI®STRNUIE,J)
61 57 1 CONTINUE
54 IFCINDEXLEQ.1) CALL OUTPyD
&3 59 ¢ 0000000000003 00000808000 00,0y
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s .
60 C QUTPUT RESULTS OF ITERAT{ON
-} 6[ [ .00.0..000..0‘00000000000000.0,
‘ 62 DU 3] [E=]eNE
63 DO 11 I=3.4
[ X} lisj-2
® 85 SASABSISTRS(IECLIII/MP(IEVI])
< &4 C 2000000080000 000 08040 00e00 0000000008088
" 67 [ CCHECK THAN YIELD MOMENTS ARE MOT EXKCEEDED
[-X: [ < 20000,8%0000000800808¢00400030e00000008000s
? 69 IF(SA,LE,D,97999) GO TO 12
72 IFUSA . GE . 0.9999ANDSALLF.1.0001) GO TO 11
R 71 . IFCABSISTRSILILY 1) I/MPITEV11).6ToD.9999) CALL ITED
4 12 12 IFCISIRS(IE,1)epSTIRN(TIE,.T)) 4 T7.0.0) CALY 1TED
" 73 11 CONTIWUE
: ; FAINDEX 3=
9 75 CALL OUTPUD
7% 1FINCH, EQ,0) 6O TO 8 O
L 17 PRINT 13
‘ 78 C 9009008000505 0080
” 79 C " DEFLECTION CHECKS
83 c *00ongePengesrsee
« 8 81 13 FURMAT(IH «/// 441X+ *COMMENCE DEFLECTION CHECKs'o/.le.25|000))
82 PRINT 400
0 8) 4090 FORMAT(IH +/+45X0 AT ULTIMATE LOADS')
. 34 00 9 13lsNCHU
] 85 JELDEFCHU(T L) =1 ) ®HF+DEFCHU(I, 2)
' 86 _ JJUBDEECHU (] o))
oy a7 PRINT J02JJsOEF(IPHASE»J) DEFEHU(1+3)
: 88 10 FORMAT(LIH +//5Xs*NODE *,f2+7s5Xs
.9 89 HPDEFLECTION 15 *sEl),.8¢)0Xe PERMISSIBLE S*'¢1X9E1146)
. 99 1Fi(ABSIDEF(IPHASE s JII=DEFCHUL]930).6T.0) PRINT 14
L 27 14 FORMAT(IH o EXCESSIVE CEFLECTIONS : STIFFEN STRUCTURE®)
‘ 92 tF((ABS(U@F(IPHAbE»J;)-DLfCuy1143)1 GI.0) STO0P
ey 93 9 CONTINUE .
94 DO _}5 1Ea]sNE
» 75 DO 1S =144
< 96 . P CSTRS(IPHASE+IE,1)1aSTRS(JE])
& 97 15 CONTINUE
99 8 IPHASEaIPHASE+] .
9 99 IFIIPHASE.GT.NLC) CALL CHECK
. 100 CALL CONTRL -
@ 191 END -
¢ . .
o« -
gt
(..“
81 B
( ’ .
&
(®» -
o

A Y
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8 .
PLASLHeADPELL1) OUTPUD
5 | COMPILER (XM=3)
2 SUBROUTINE QUTIPUD
k] COMMOu /EXT/KK(157+198)
4 [ of 0'.000000'050000.0O..‘.OQlQn‘AOQOC‘COOO.CO""QL‘OQQJD!!L.
9 3 c CGUTPUTS RESULTS UF AWALYSIS AT WURKING ANWD FACTOKED LOUADS
. é C 0000000080000 00080808 3003480 ,83800 4030080 0.00000000u080080004
"y 7 COMMUII/ZBLK LI/ NROWP s 4CULP v MP (23,320 o NF o NDF U731 ,P(73),
g BHE » IPFLYTS123s4¢2) s PSTRNIZ2304) STHRN(23,4),5TRS(23,4),
3 9 BIBWALISIGI2304) yHELTS ' LPYNB M, ISTOP I MAX,
: 13 BUBH N s EsEP s AE+F ] s YSTRS s NBEAMI2392 2 COORUXE23) s
18 11 #CUURDY (231 +sELLENI23) vSELT(23) 4CELT(23) 1NUFAIHDFS

[ 12 ANBHS s wDFPWALIDCET73) N o2, ILC{3)sPP{13,723) RLAMDALLID)

" 13 HPPP {33 s8dL (3 eWLOADILIG73)40UT(733+DETFACT5(2314+4)
14 80102304 06) yBTSt230604) 1BISBlAA) DEL(6Y ALPHA(23,2)

. 1S BOSTRN(23¢4) sUPSTRNC2394) 0 0STRSI23 141 oNELT(BBo4)0LUCTIN
16 #OP (731 s RAINSIDUMePLI(73) S BSHEAL23) ,RF1123),1PHASE

L 17 SINDEX, TOUML s LDCASEISPL42020)+vZP(23+2)1COUNTL23¢2)
13 BIEND(23) «NLCeNSEC

L 19 COMMOW/BLK2/CSTRSU10023¢4)sEFFLEN(23)51COLELIO0)
29 HCMY(23) s CMI23)sPEI23) o BUKCHK(2392) ¢BHI23),RMME23),

-8 F SDMP (231 s RETURN(100423) ) .
22 COMNOY/BLKA/UCF{LC73) DEFCHUE204 3 o NCHUSNCH'DEFCHI20,3) .
Ly 23 CUMMOW/BLK9/Z I8P, ISHORT+[TAB :

24 REAL wP
] 25 IFCINDEX.EQel e AND IBPLEQ, 1 ,AND,IDUM,NE,=1) PRINT 2241PHASE
2% 22 FORMAY (LHL+® LOAD CASE® 1Xe124§ - :

. B 27 IF(INDEX.GTa1) GO TO 16

: 28 1IFIIDUMEQ,=1) GO TO 16 7
s 29 PRINT 21 ‘ N .

¢ 3 21 - FORMATUIH o///047%e° SOLUTIAON AT WORKING LOARS®)

‘ L 31 DO 17 IEa]+NE : .

, 32 D0 317 jJ=1.4

on 33 STRN(IEs1J)=STRNUIE.1J)/RLAMDA(IPHASE])

‘ 39 STRSUITEIJ)=STRSUIE IJI/RLANMDALIPHASE}
» 3s 17  CONYIWUE
{ 36 DO 164 Ix},NDF
@ 37 Ull)sy(1)/RLAIMDACIPHASE)
39 166 - CONTINUE
(8 39 0 12 1Eaf+NE
43 DO 12 1J=3.4 -
] 41 12 STRN(IEs1J)=STRNUIEW1J)+PSTAN(IE T J)"
C 42 16 CONTINUE )
@ © 43 IFUIDUMJEQ, =1 )PRINT 18
494 AFCINDEX,GY.1) PRINT 18 -
(oF 43 18 . FORMAT(IH1+///+46X+* SOLUTIQN AT FACTGRED LOADS')
44 PRINT 14.INDEX
8 %7 1 FORMAT(IH +'RESULTS AFTER®+13+2X+"ITERATIONSTS
( 48 PRINT & :
49 & "FORMAT(IH +G2XevNODE DISPLACEMENTS®e//7+32%0
S BONODE* s fOXs DX o I4X s DY o i {Xs1ROTATION® (/)
(o 1 00 7 1=1sNN
52 HR={]o])eNF
53 JaNRe+ |
C 54 ‘LaNRe
55 KaNR+)3
56 PRINT 3+(TeUCJ) UIL)IIULKD)
9 57 8  FORHAT(IH ¢33Xe13+6X+E10,502({SK+EL0.520)
) 53 7 CUNT I NUE
o 59 TFUISHORT.NE.1) PRINT 2




e

FORMAT({IH o/ ¢51X+*HEMBER DEFORMATIONS3//722X,

g 39 8 8

63 2
13 6 BOYELEMENT Y 7X o *AXTAL  vBXy * TRANSVERSE® 16Xy *THETA (AL}
62 HIReSVYHETALB)I* /)
43 IFCISAHORT.NE. 1} PRINT 34 (tIEsvSTRNCIEN L) STRN(FE2)
64 BoSTRN(JEe3) W STRNIIE4)) 4 1E=] e NF)
n 65 3 FORMAT(LH +24X91310XsE10.5+5X,EL1QD+5s6XeEL0,5)
Y #S5Xe€1n,5)
5 ] 67 S FORMAT(IH o 1OXoI306XsElU;515X4E10e5410X9E10,5
68 ”fi_X'ElD.SoSXnElQ.S!‘prElD 8)
] &89 PRINT 4 '
70 1y FORMAT(IH +/¢50X+*INTERNAL NODE FORCES®, /710X,
8 71 BOELEMENT Y ¢ 7X o *AXIAL v ICX 0 *SHEARY 47X s *BENDINGIA) *
72 BOXe'YIFLD MOMCA) " IX*BEMDTILGIB)* 24X IYIELD MOMIB)®*, /)
" 73 PRINT Se{(IEsSTRS{IE» ) sSTRSUIEI2)eSTRSIIE319MP(JELL)
74 #STRS([Ev4) s MPEIF12) ) s JE=f+NF})
9 75 IFCINDEX,GT.1) GO TO 768
75 DO 932 1=]4NDF
77 932 DEF ( 1pHASE 1 )=U (1)
78 IF(NCH,EW.Q) GO TO 83
79 IFCIDUM.EQ. =1} GO TO 88
a9 PRINT 133 v
81 133 FORMAT(IH o///+v41Xe*COMMENCE DEFLECTION CHECKS®s/¢41X026¢270%))
82 PRINT 340
a 83 4499 FORMAT(LIH +/946X9*AT WORKING LOADS?)
84 DO 937 I=j1.NCH
2 85 J-(DEFCH(I.l)-l)'NF¢uEFcn(1.2|
. 96 JJ=DEFCH(141)
N 87 PRINT 10760193 DEP(IPHASE-J).DEFCH(I.S)
88 . 1075 FORMAT(IH +//5X.°"NODE *412v/¢5Xs. .
a9 #POEFLECTION 1S *9ElLl.6v10X%s¢ PERMISSIBLE S'o1X0EL1L.6)
99 IF((ARSIDEF(IPHASE s+ J) )=DEFCI4¢}e3)),5T7,0) PRINT 155
91 155 FORMAT(IH o EXCESSIVE DEFLECTIONS ¢ STIFFEN STRUCTURE®") '
92 937 CONTIHUE
93 1) IFUINDEXLEQsL) GO TO 19
949 768 PRINT. 9
95 9 FORMAT(IH +/¢53Xe°PLASTIC ROTATIONS v/ s3IXe"ELEMENT Y
96 B3Xs'NODE END®* v 1QOXs *THETA(P)IY /)
@ 97 Iis)
98 193 ISEIEEY!
o 99 IFCI1,.GT,NE) GO TO 199 ‘
100 IF(ABS(PSTRM(IT,3))4LE.1,E=-g, AND,ABSIPSTRNITITI 401,
“ 101 4Lkel.F=8) GO TO 193
L] 102 PRINT 10-(NBtAM(ll-1)-PSYRNJ!I-J».xI,NBEAn(ll.z)-PSTRN(lx.u))
a 193 10 FORMAT(IH +449Xe 1301 1X0ELJ0e5,7/433XeI304045X0
104 413011x+E10.5¢77) : .
© 105 GO TO 193
.t 106 199 IFUINDEX.GT.1) GO To 25
L 197 19 1F{IOUM.EQ,~-1) GU TO 25
108 DO 20 lEC=1.NE
83 109 D0 20 [Jd3]1e4
110 bTRN(xEvlJ)asTRN(IE-lJ)CRLA1DA(lPHA;h)
i1l STRSIIEs1J)=oTRS(IEVIJ)I®RLANDA( IPHASE)
112 20 CONTInNUE
o7 113 DO 255 I=)sHOF
114 UlIy=ytl)eRLANDALIPHASE)
L 115 255  CONTINUE
116 25 CUONT I wUE
117 1UUMap
1313 DO 1S JE=} WNE
s 119 DO 15 [=).4




\ U

©

2 13

8 41 B 8

g 23 8 ©

122 15 CHOIRSIPIASESJE, 1 1=STRS{IE o)

121 . . DU 14 [=1,HDF

122 14 BEF([rYASEs L1=UL1])

123 DU 34 [=1.NDF

129 IFCABS(ULT) ) .3E.1+50PRINT 93

125 . 93 FORMAT(LH o///70¢4UXs " SECTI04 SIZES INADEWUATLS o/
126 HHAX,24(%8%))

127 IFtABS{ULI)I.GE,1o5) STOP

129 IFOINDEX,GE.5) PRINT 187

129 187 FORMAT(IH ¢ SOLUTION HOT OnTAINED AFTER FIVE ITERATIONSY)
139 IFLINDEX,GELS) STOP :

131 34 CONTIKUE

132 * __RETURW

133 END
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3
PLASLAsADPF (1) ITED
] 1 CUMPILER (XM=3)
2 SUBRULTINE 1TED
' 3 CUMMO;: ZEXT/KKL1597098) . .
4 C 8080300300000 0 8000 0DSNEnts P LRV OR ARV PAGREVDgOaDON
8 5 (o ITERATION PRUCEDURE IN WhRIC STUNUA Fy'iCTION
b C 15 ASCIGNED A VALUE ACCOWDIJG TO THE siGga OF
1" 7 (4 THE BFENDING HOUENT AT A pOI4T IN THE STRUCTUKE
a3 [ UNOFi,;0lHG O) ASQUT TO UNDERGO PLASTIC DEFORMAYION
3 2 C PLOD L5900 08R PP RBEED PP atastnbasrtsansotbrastan
13 CUMMO i/8LKYI/HNRIFPY ICOLP W MP(23,32) WHE WDF Ut 73)4P873),
13 11 BAE Y IPILTSI2304¢2YoPSTRIEI2304) STl 125,4)05TRSE2304),
i 2 BiBWA S 1STG023+4) HNELTSLP I NB . M, I5TOPIMAXS
i 13 BUHBY s EsEP 1AL sE L o YSTRSoWHEAM(2342) 2 CUORIX(23) 0
14 HCUORLY(23) 4 ELLEMC23) 2 SELT(23) 2 CELTL23) 2 NOFAVUUDFES,
9 15 BUBES I NOF3da s TUC 73 il o2 1TUBCI3I2PPID73)sKLAMDALLO)
14 #PPP(3) v HLI3Y o LOADC I C73) 00T (73} sDCT ,FACT 1S (230454}
2 17 HH 023940061 0BTSI230604)4BTSB(5+6)yDELI6)sALPHAL23492)0
ia BUSTRN(23+4) JUPSTRMN(2314)+DSTRS(23+4) v 0L TIB894) 40UI23)
2 19 BOP (73 ) s RAINGTOUMeFLIU723) v HMS NSy EAI23) yRELIL23) 2 IPHASE
23 BINDEX  IDUM s LDCASEPSP(42020)s7P(2342),1CUUNT (2302}
L 2} HIEND(23) s NLCHSEC
22 REAL 4P
a1 23 VO | JE=}sNE
24 VU J [=3+9
2 25 IR ] .
248 IF(STaStIE 1) /MPIIEZ T} . GE,0,999  AND (PSIANCIE T} ) GEL.D.1)
3 27 * 1Sle(lEsI)=1, .
23 TFUSTRSIIEW I /AP (TE « J 1) o lEy=De999  AND, (PSIRNIIEIN) LEO.D)
29 " 1SIG(lEvI)=~1, .
33 IF(ISIGUIE W) o Edel e AND . PSTRULIES 1} ,LT,0, 7 PSTRNIIEST)=0,
31 IFCISIGIIE 1) eEQe=1oeAND PSTRN(IESs1)eGT.0:0)
32 "PSTRN(IEsI)=0e
33 i CUNT I nUE
34 INDEX=INDEX+]
» 35 CALL SOLVED
36 CALL STRSTD
“ 37 RETURN
38 END
" @PRT+S ADPF+SORTo4CONTRE + +CHECK » s MEWSEC
7
4
8
53
-
87
53
61
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3
PLASLAeADPE (1) ,SORT
[ 1 CUMPILER (XH=3)
2 SUBROpTLINE SORT . -
3 CUMMUYy ZEXT/iK{157174) -
4 C ¢8oss0tsusvcreetnientong,
[} S C CHQOSE SUITAULE SECTIONS
5 C 900008000000 ¢0000% 0030000
11 ? CUMMUN/BLKLI/NRONP o ICOLP P {2342V s NFoNDFUL?23) e (73,
] b s JPELTS(23eM02) o PSTRN{2304) 29T KU(25,419STRG123041), —_——
] 9 BHOMA s 1STIG(23+4) yHELTSsLP B, M ISTUP W MAX,
10 BHSW N s EvEP s nL o E Lo YSTRS S NHEAML2342)2COIRDXL230
15 11 BCUORUY (21 eELLENE23) oSELT(23) ¢yCELT(23)2UUDFAIRDFS
12 HHBNS s pDFBHA, IUCL73) pidl o922 113CLI} PP 11730 s REAMVALCTIDY S
7 13 HPPPL3) o dLU3)eWLOADLIIU73)+0UT{73)sDET,FACT 1 S(23¢40%)0
14 BO02304506)1 3TS0230504) 8T8 (L00)eDEL(6)ALPHA(2392) 0
R 5 HOSTRN(2314) yUPSTRN(23¢4)DSTRS(23+4) s NELT(8804) ¢DULT73) !
16 BUP(73) o RMTIS, JOUMIP L (73} 1S euyndSIEAL23) 201023}, IFHASE
4] 17 HINDEX 10UM] oLDCASEvSPU42020)+2P12342),ICUUNT(2302)
18 BIEND(23) s il CoIS5EC
19 COMMO/BLKI/ZRLODFCT(3Q) s NLLenHLOFCT(30)ALUFCT(30)
23 COMPO/BLKE/S5SP(23024)
5 21 CUMMOL/BLKZ/LCRTCS .
22 COMMO;I/BLKR/ZIHP, 1S I10RT 1 TAD )
a 23 VDIMENSIU zZP(23).l§tC(23)
24 C SRS G0%0000000500300000000 0
b} 25 [ DETErAINE CRITICAL LOAD CAsE
) 26 C 9406000000008 0 0092000000404 ,+
i 27 FTFLI0UNER,L10D) GO0 TO 3457
23 [VUM=p
3 29 IPHASE=L
3 REAL (P
85 K vUM=] ,E30
32 DO 3 I1sheNLC
n 33 IFOALODFCT(]I),6E,DUHM) GO TO 3
34 DUM=ALDFCT () '
& 35 LCRYCSal
36 3 CONTINUE
4 37 IK=}
33 142}
o 39 C €00 004000000000000 00 0b00 0080 ne
43 . C DETERMINE YIELD NhOHENTS REQUIRED
45 41 C 0002420000000 00000000000 03029
42 DO 2 1E=1/NE .
@ 43 HPOTE, 1)=MPLIEY ) *100«/ALOFCT(LCRTCS)
44 2 CONT 1 wiE
. ® 49 IFUISHORTLEQ, 1) GO TO i@
9% PRINT 9 :
5 47 9 FURMAT(LIH o///70 1 1Xe* YIELD HMOMENTS REQUIRED® 1/
49 BH0K, Y ELEMENTY) i
53 [E} PRINT 40 (1E«HP{IEs LI+ 1E=LoIE)
50 4 FORMAT(IH os41Xe[3+12XeE11e6,71 -
58 EXD 10 RENING 32
52 READ(120100) ({SPIIsyded=1e20)+1=210iSECY : ;
53 100 FURMATL )
54 3957 PRINT 3456 )
69 55 3956 FURMAT(IHLo// o M9K e 39 4/ s 40X, *<V 4 [B("=0),037,
26 B//790K,20098 ) g 4X oA o/ 04X eset ol Xotot  fixytl0 s,
61 57 BAUK Ca 03X @7 4K 000 /000207 ( 8" ) o2KeG( 20" ) atiky
54 BYIY b ( /040X a9 , 2X 002Xttt ) sy, -
& 39 AAGX tio=>0  #<aa=T Vo GKe* 10 1K1 HY 4 2UK s *3LCTI10H PROPLRTIES?»




123.

8 =

8 93

8 2 8 @8 9

. 62 IFtIBp,EQef) LDCASES]IPHASE
8 81 IF{18pr,EQ.1) GO TO 99
62 IFLLOCUHEQ.LCRICS) GO TJO 4p0
' 63 IFCIPHASE.GT, 1) PRINT 245 LODUM .
54 240 FORMAT(IH ' LOAD CASE® 1X,12+)x,* MUST NOW RE CHECKED?)
9 85 IFtIPHASE.GT,.1) GO TU 99
56 9299 CALL pLTMAD
1" &7 IFI{RMIN.EQ, 1) PRINT 3
63 3 FORMAT (UM of///, 36X, HAVING QBTAINED NEJ SECTIONG THE®
3 69 . #° STRUCTURE HMUST BE REANALYSED USING DEFORMATION THEORY®)
22 99 DO 77 1=1.NDF
15 71 77 Utly=n
72 DO 88 1E=tl NE
7 73 DO 88 J=1l.4
74 PSTRN(1EJ)=0
9 78 STRN(IEWJ)=0
74 STRS{1E.J}=0
77 ISIG(IEs ) =0
78 88 CONTEWUE i
79 IFLIBP ,NE. L sAND, IPHHASE ,GTel) LDCASE=LDDUH
a) CaLl SQLVED - .
3 81 CALL SYRSTD
82 RETURN
83 END
n
1
.
0
E Y
)
3
s
a
©®
L4
(]
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3
PLASLADPF {1} . CHECK
[ 1 COMPILER(XM=3)
2 SUBRUUTINE CHECK
3 COMMO ZEXT/RKULI57294)
R C 383008 %06240800200008004803053340%358 8850
9 S Cc CHECKS THE CuUlck OF SECTIUNS ACCURDING
4 C YO Ty AeloeSsCy SPECIFICATIONS
1 7 C - [ EAZEPEREIT T RN FYEL Y TR Y W PIPRIWY W TR I
3 COMMUN/ZILKJ/NROWP vy UCULP s P 423,20 oNF o iiDF 4123} 4P 73) s
3 9 BHE S IPFLTSI230402) yPSTRMU23045) oSTRN(23,49)+STRS(E23¢4),
19 BHSIAY JSIGI2304) JNELTSH»LPP v NB My [STUPSMAX,
18 11 HHOBW o NI v E EPVAEYEL s YSTROIWBEAN(2392) 2 CO0RDXE23)
12 HCOORDY(23) s CLLENC23) +SELT(23),CELT(23) e DFAWNDFES,
1 13 BUBWS v OFBUAWIDBCI73) sl o N2s 1 TBCI3)sPPCLIU,T731 2 RLAMUALLO)
14 BPPP(3) s WLE3) s JLOAD T [ U 73) s 0T 8731 W DET,FACTIS{23 0404
K 13 RUC230406)4BTD(23060r4108T6B(4+161DELIO0IrALPHALZ2302)
16 BUSTRN (23041 o PSTRMNI2304) s DSTRSE23+4) s NELTIBBY ) DULZAYY
o 1?7 HOP LT3 o RHINGIVOUMIPLIT73)Y3HS o S+ EAL23),RET(23)4IPHASE
19 #INOEX, JDUM]  LUCASEsSP(42+120) 2P 123+42) TCOUNT 230200
b~ 19 #EEHOL73) 0 HLC o HSEC
2) CuMMO:I/BLK2/CSTRS 12923, 4)»FFLENE23),1cOL MGy
] 21 HCML(2310C1{23)2PEC23) v BUKCHK(2342)BM(23)9RMM{23),
22 HOMP(23) +RETURIL]0423)
4] 23 COMHNOWN/BLKS/RLBBII0+s23) 4SRATIO(ICY23) JAXSTRILIG+23)
24 COMMON/BLKL/55P(23420)
29 25 COMMUIN/BLK7/LCRTCS
26 -COMMOL/BLKR/IBPISHORTITAB
3 27 COMMON/BLKID/EFFMOM123)
23 DIMENSION PCHi231+1T(7) 1DBMCOLL23)
8 29 OATA lAP-lBuPo!cP/’N/A'.'HO'oIOK'/
3 REAL 1P
8 31 ISSTup=0
32 LUCASE=LCRICS —
kY 3) IF(IBP,EQ41) LOCASE=(
34 24y I=1+1
% 35 : lFlAﬁq«bSP«l::?;-sspxl+a.x7:).Lt.1.£ 3) IFLAGa=~]
36 IFLIFLAG.ER.=1) 6O TO 239
4 37 IF(I+),LT.NE) GO TO 24}
33 239 CONT I JUE
39 PRINT | ]
43 1 FORMAT(1H] 1549X022("e%) 9/ ,54x,¢ COMMENCE DESIGN CHECKS®s /.
4 HSDOXR422(% @) s/ 0 43XK0 'L IN ACCORDANCE #ITid AeleSeCot
. 42 #Y SPECIFICATIONS 14777
4 F) TF{IBir EUs i) PRINT 93+LDCASE _ ,
4% ?3 FORMAT(IH +//7+0X+830%0% )4/ LDAD CASE*,1Xv125/00X013( %603}
9 45 C . .
46 C - CHECK B/T2 RATIOS : FLANGE/,EB BUCKLING
& 47 C
43 DO 1000 lE€=1+iE
L 49 IFCITABVED .1 JANDCIEZEN. 1, ANDIBP.NEoL} PHINT 5785
3] 6745 FORMAT(LH +47X9YLUCAL BUCKLING®+/s3H 'ELEMENT?
& S1 HoZXo *FLANGES(B/T KATIO)*1X,*JEBS(H/TL RATION Y,
52 BEX e VSUEARHED CRIPPLING® y IX,'EFF, YIELD NMOMENT?,
57 53 FIX e 05  ENOERNESS NATIO s JX 0 0 AKIAL STHHT.I' 41X
54 BOIN PLANE BUCKLING® v /0 1H o900 /70,1600t )0/0,1%
&9 55 AN T R N A e A AR T R T I I I Y O NN
96 BLIROV /0 g [SU0=® ) a0 /0 g [ X0t/ [g(0=t) 0/, 1xs?/ 2|50 2=t)s0/0
& 57 TBRCOL(LE) =1
53 IFUICOLITE) JENLTE) TBMCOLLEIE)=2
Ly 59 RETURNILUCASLslEI=0
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I

[ 1000 CONTIyJE

61 94 IFLIBr ,EQea1) PRINT 78S

62 v 2 1E=1.4E

43 1PP=Q

6 DO 342 11=1,7

65 342 IT(11)=0

66 5 FORMAT (LU +v///09 TJICREASE SFCTION FOR ELEMENTe 13)

67 IFOIFLAG,NEe=1) PRINT 8,]E

h) 8 FURMAY(IH o///0vjl (et )s/0® I FHENT Y (3023108000} )

69 CIF(16uCOLIIEY s€EQol AND,ISHURT,HE 1) PRINT 2491E

79 IF (131 COLLIE) o €042, AND, ISHORTLHEL 1) PRINT 2Se1E

71 24 FURMAT(IiH »* ELEMEUT Y, 13,0 IS A BEAMNY),

72 25 FORMAT (I o+ ELEMENT*, 13, 15 A COLUMNY)

73 FFE(SSPEIECS)/SSPUIEWI) Y LE,17,AND, ISHORT.NE, 1) PRINT 23
74 IF((5apPiIEs5) /SSPITIE 7)) LE , 17, AND,ISHUORT.EQ, ]

75 B AND, [TAUBLEQ. 1) 1T(})=1

76 3 FURMAT(1A o//+% 8/7 RATIQ OK*)

77 IF((SSPULIEeBI/SSPUIE7)Y),65T,17) PRINT %,1€

78 ! IFA(SSPIES)/S5SPULET)) ,6T,17) STaP

79 4 FUNMAT(LA o/7+% ELENENT? W13, 1S NOT CUNPACT?

63 W' AND MAY nOT 8E USED FOR PLASTIC DESIGH®)

31 c ' ' '

32 C CHECK H/TiI RATIO ¢ WwWEBS

33 o .

94 RATIO01=ABSICSTPSILOCASE W IEo 1)/ (YSTRS#SSPIIES1D))

85 SUMLI=1100%(1l=) J44*RATIULI/ZSORTIYSTRS®] JE~0

86 SUM2=430/SQRTIYSTRS e E=p) :

a7 RATIU,=(SSPIIE4)/5SPITE6))

49 IF(RATIOI JLE D265 AND SUMI JGERATIOZ2 ANDJISHORT NEL1) PRINT &
39 IFIRATION.GT,0e265,AaHD,5UM2,GERATIND2 AND«FSHORT.NELL) PRINT 6
70 IF{RATIOI JLE D265, AND,SUMT GE RATIOZ ANULISHORT L EQ.

71 B AND, TTABLERLL)Y 1T(2)=1

92 IF{RATIO1.57T,.0.265,A080,5uM2,6E ,RATIO2,AND.ISHORT.EQ.]

93 BAND, 1 TABLEQ,1) IT(21=1

94 IFIRATIOl o LE.De265,ANDL SUMILLTL.RATIOZ2) PRINT 7

95 IF(RATIOI GT,Js265,AHDSUN2,LT.RATINZ2) PRINT 7

94  JF(RATIOl sLELD265,AUDSUM] LTLRATIDZ) [PPs]

97 IF(HATIOl e6T. 0265, AHD,SUM2,LT.RATIOZ) IPP=1

93 : IFL1PP EQ.1) PRINT 441E

99 IFUIPF.Ed.1) STOP
193 [ FORMAT(IH o//70* 1/T1 RATHU FoOR SPECIFLED N/NP RATIO UK'}
101 7 FURMAT(Lth o//0* 1i/T1 RATI0 FOR SPECIFIED N/NP RATIO UNACCEPTABLEY)
132 C
123 C SHEAK AnND “Eb CRIPPLING
1dg C
135 120
136 9325 I=1+}
137 IF(I.aTe2) GU TO 9324
tda DUM=0.554YSTRS*SSPITIE 141 #5SP(IC1b) el ,E=9F

109 IFLABS(CSTRSILDCASEWIC+2) ), E.DUMeAND, ISHORT ,NE«1) PRINT @
12 IF{ABS(CSTRSILDCASEWIEY 211t EJDUIANDIISHORT EQW

111 BeAND, I TAB,EQ, 1) ET(3)=]

112 IF(ARBS(CSTRSILDOCASL IE2) ), 5T DUMAHULISHORT NE. L) PRINT 22
113 IF(ABS(CSTRSILDCASE,1E92)),5T,0Un) IPpP=1

114 IF (1SHORTWHEL 1) PKINT b66+CSTRSILDCASE, IEY2) s 0UM

115 66 FORMAT(1H o+ SHEAR FURCE APPLIED® 5%y SWEAR RESISTANCE?
116 Bo/ 5K E1D.5+15X,E1045) R

117 IFCIPR,EQe I} PRINT 77 '

11y 77 FORMAT(IH o9 DIAGONAL STIFFENERS ARE REQUIREDY)

119 9 FORMAT(LIH +//7+* SHEAR ANU VWEU CRIPPLING CHECK NKv)
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3
120 99 FURMATI(IH a//,* SHEAR AtD wfi CRIPPLING CHECK UNACCEPTAB(L®Y
s 121 DUHMR(.55¢YSTRS®SSFIIE9)e5SPLIEVG6) el oE~9
122 PDUMIa) E~9eSSP {1l eb)el{SSP(1E,4122)=56P(1FEs7) 0w,
123 DUM2=[~SQRT(1=-(CSTHSILUCASE,IE+2)/DUNM)ee2]
124 DUM3={YSTRGESSP(IEs|3)8) E=2)ef{lelDUNLI/ISSPIIEs1310) E~b))
125 #eDUM2)
126 Al=ARS(CSTRS(LDCASE1E¢3))
1" 127 A2=ABS(CSTRSILDCASE W IEv4))
128 AaAMaxDlateA2)
3 129 AAIDUHIZA
130 IF ¢ ; =
] 131 IF(AA.GE, 0,98 AND« ISHORT,NE,}) PRINT 100D
132 IFeAA,LT,0,90) 1PP=3])
17 133 IFUISHNRTWNE. 1} PRINT 889 +DUM31CSTRSILDCASE 1E1+2)
134 889 FORMAT(IH o¢ EFFECTIVE MOMEUT SUPPLIED®* 11Xy
9 13% #Y HMOMENT APPLIED® ¢/ 4 /X 1E1Q.5029X¢E10.5)
135 IF(IPP,EU,}l) RETURHILOCASEJL) =)
137 IFt1Pe, Evely EFFHMUM(IE)ISDUM]
134 ClFtIPp, Edel) PRINT 111,06
-] 139 111 FORMAT(IH »'EFFECTIVC YIELD MOMENT FUR ELEMENT ¢
143 #el2,7 UNACCEPTABLE")
] 141 100 FORMAT(LIH +//¢% EFFECTIVE YJELD MOMENT 0K *)
142 G0 YO0 9328
a7 1493 93249 CONTINUE
144 C
o 145 (4 COLUMNS AND BEAM=COLUMNS
, 146 [+ .
i 117 [« COLYMNS
148 c
L] 149 IFUIBHCOL(IE) vEQel JAND ITABLEQ. L) ITI(S)a=]
159 Al=SELLENIIEY/Z(SSP(IE1B)el ,F=3)
] 151 A2ZEFFLENIIEISELLEA{IEI/(SSPIIEs14)9) E=])
152 IF(A1.G6T.A2) SLNWUER=a2Al
. n 153 IF(A2,GE.A1) SLNUER=A2 !
1S4 CC=SauT(19,739209¢E/YSTRS)
» 153 AlSYSTRS®) ,E=3¢(l=((SLNDER®SLNDER)/(2¢CCeCC}))
, 156 A22] ,6666667+(0,3758SLNDER/CCI=(ISLHUER/CC)I*e3)/3
@ 157 PCRUIE)I=1.795SP(1Ev)0)v] E=30A1/A2
isa IFLI1BMCULIIEYEG.L) GO To 13 .
159 IF{CC.GT,SLNVER,ANDISHUKT JE. 1) PRINT 14
169 IFUICC.GT,SLNDER.ANDJISHORT ,F. L) I1T(Hy=1
Y IF(CC,LE,SLNUER) FRINT 15,1¢ :
‘ 162 IF(1SHORT.NEL1) PFINT 333.CcosSLHDER
a 163 333 FORMAT(IHN +4Xe® CCYe9Xs? EFFECTIVE SLENDERNESS KATIQ®
log Ho/IE] oS0 14XsENQ5)
© 165 IFICC.LE,SLNJUER) REYURN(LDCASEsIE)a]
166 IF (RETURM(LDCASEZ1EC) ,EQ.1) SRATIO(LDCASEIE)=SLNDER/CC
L 167 TF(RETURN(LDCASEVIE) EReloAID ITAB HL,L1IPRINT S41E
s 163 IF(RETURWILDCASEIE) , CR.}) 50 TO 2
L 169 4 FORMAT(In +//9* SLENDERNLSS HATIOQO 0K?')
170 15 FORMATILIH +//7+10Xe" SLENDER4ESS RATIO UNACCEPTABLE®
&3 171 7 FOR ELENENTSe1ks12)
172 IFIPCRITIE) ,GELABS(CSTRSILDCASEIEV 1))
&7 173 WeAND, [SHORT.NE,. 1) PRINT 16
174 IF{pC(IE) LT ABS‘CJTRJ(LDCASE:XL.Il).AND-lTAB.NE 1) PRIwT 17+1E
L 175 IFUPCRUIE) LT<ABOICSTRS(LDCASESIE L))} ) RETURN(LDCASE+IE)=d
176 IFIRETURNILDCASEZIE),EQel) PRINT 541E
(8 177 IFTISHORT.NE.T) PRINT 444,PCHIIE)Y s CSTRSILDCASEIIEST)
178 444 FORMATULH «"HAXTHUM AXITAL STRENTH? 15X, APPLIED?
e 79 : HY AXTAL LOAD' +/ 45X 0ELD.5115K+E10,5)
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3
13) IF(PCRIIE) , GEcARSICSTRSILUCASE s TE 1)) o AND S ISHORT
[ 19} #.EQel s AND L ITABEWNS]) IT(o) =]
182 13 IFCES)ORTLEQ. 1o AN, [TABLEQ, 1, AND, I0MCOL(IE) EGL L) ITLAY ==}
lag IFCRETURN(LDCASEYIE) ,EQs1) AXSTR(LDCASE,[E)=
184 YABS {CSTRSILDCASESIES 1)) /PCRILE])
9 185 IFIRETURN(LUCASEIE) ,EQ4])) 50 TO 2
185 16 FORMAY (1M /700 MAXINUM AXTAL STRENTH Qke} .
" 1a7 1?7 FORMAT( It o//70* AAXTIUM AXlal STRENTH UNACCEPTABLE?')
183 <
8 189 Cc BEAM=C OLUMNS
192 c .
13 191 BMUIE))=CSTRS(LDCASE IE o4}
192 IF(COTRSILDCASE 1 E¢3) «GE,CSTRSILDCASLLIE4))
114 193 BbMEJEy=CSTRS(LDCASEWIE3)
194 LDMPLIF} =P {]E+2)
9 195 TFUHP(1E s 1) oGELHPIIE2)) DMp(IEI=MP(IE])
196 OUM]I=sSPl]Es18)o]lebEw]
2 197 RUM{LF)=¢] ,07=¢(ELLENCIEJ®SIRTIYSTRS) )/
193 #{830040U111)))eDMPLIE)
< 192 IF(CMI(IE) ,EQ.%) CM(IE)I=1,D
202 IFICMI(IE) JEWeI) CH{1EI=0.85
] 231 DUM=(CSTRS(LUCASEIE131/CSTRS(LDCASEIEL4))
232 IF(DUM,GEL1) DUM=1/DUM
4 293 IFICHMI(IE) JEwe2) CHCIEI=Ueb-0.480UN
234 IFUCMI(IE) ,EUe2.ANDCHUIE) . Ta0e4) CMIIEI=044
- 225 IF(CiH) (IE) ,Euel) CHLIED)=Q.85 .
236 DUMIsgSP(IE,i4%)sl.E~3
n 2937 PECIE )=l ,E~3¢E®((3,1415726%pUMI)/(ELLEN(IE}®EFFLEN(IE)))as2’
203 IFCISHORTWNELL) PRINT 22 )
] 239 22 FORMAT(LIH o//+' IHTERACTION FORMULA ONE®./124(%e%)4/)
. 210 DUM=c5TRS(LDCASE»TEW L) /ZPCRYULED
s 2l DUHZ=(CHIIE)*8(1E))/RMN(IE)
212 DUM3={]=(CSTRSILUCASESIE2 1) /PELIEDN))
- n 213 BUKCHK (IE1)=0UML+OUN2/DUM3
’ 214 IF(BUKCHKIIES1),.G6T,1) PRINT 20
» 219 IF (BUKCHKIIES1).6T.1) 1SsTOp=} .
! 216 IF(RETYURWILDCASEIE) ,EQGs1) PRINT SslIE
“ 217 TFCISHORTCHNEL]) PRINT S55540KCHK(1Es 1)
219 556 FORMAT(LIH o* FORMULA ONE*+Sxe* REQUIRED ¢ LESS THAN?Y
. 3 219 #' UR vQUAL TOQ ONE'+/+3X.€10,5)
‘ 229 20 FORMAT(IH +//+* INTERACTION FORMULA ONE UNACCEPTASLE?)
“s 221 21 FURMAT(IH o//7¢* INTERACTION FORMULAE ACCEPTAULE?)
{ 222 2000 FORMAT(IH o//st INTERACTION FORMULA Ti0 UNACCEPTABLE?)
L 223 IFIRETURN(LDCASEIE) .EGs1) GO TO 2
224 DUM I a¢STRSILUCASEWIE V1) /Z{YSTRSSSSP([E 1O} oE~5)
i 225 OUM2an(IEY/ (L1, 18*0HPLIEL)
226 BUKCHK (IEZ2)=DUMLI+DUM2
81 227 IF(ISiORTNELL) PRINT 23
223 23 FORMAT(1H v//+* INTERACTION FORMULA TNO'/e24{%89} 4/}
229 IFCISHORTANECL)Y PRINT 666+ByKCHK(IE 2] :
23 666 FORMAT(LIH »* FORMULA TwO0'ySx»* REQUIRED ¢ LESS THANY
. FEY) #Y OR FQUAL TU ONE®*+/43XeL10,5)
232 IF(BUKCHKITE»2),LT, 1) PRINT 2000
233 TFABUKCHKITE 1) JLE, 1 ,AND BUKCHKUTE»2) JLE.L I
¢ 234 HoAND , ISHURTLHE 1) PRINT 21}
L 235 IF(BUKCHK(IE s 1) oLE o3 JAND  BUKCHK(IE22) JLE,L L
236 #sAND, ISHURTWEQ,14AdD ITABWER, 4} 1T(Z7)m]
(o 237 TFIBUKCHK(IE+214GT1,1) IS5TUp=] :
239 IF(ISSTOPL.ERLI) PRINT S, IE
e 239

IFUISSTOPL.EQ.L) 6O TO 2
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240 VO 123 I=%+7
5 24] IFCETOI) 11100124113
242 111 11011s]AP
243 60 TU 123
244 112 1T(])=1BBP
9 245 GO TO 123
245 113 11(1)a]CP
" 247 123 CONTINUE
248 PRINT JO03,IF(IT(I)s130.7)
3 249 103 FORMATUINO 92X e1202X 0% 38R 0A2016X0A23]19X0A20]17X0A20
259 BIEX gy AR 12X9 A3 13R1A2:/)
18 251 "2 CONT 1 WUE
252 JF(1SsTOP,EQ, 1) STOP
17 253 [
254 (o - CHECK LATERAL BRACING OF STRUCTURE
9 253 ¢ )
2546 DO 2358 JE=1+NE
) 257 IF(RETURN(LDCASEIE) ,EQ,]1) IPPQ=L
: 259 2356  COhTIaYE
s 259 TIFLITAS, EQ.x.ANo.lpPa.NE 1) PRINT 1322
2069 DO 222 lE=),NE
3 251 1322 . FORMAT(LIH +//7/7¢50X1)S{%®0)4,/450X,
- 262 HOLATE AL BRACING' 1 /+50X 3 (6(ver))
a 463 IF(ISHORT NE.1+AND IPPQ,NE. 1) PRINT 1322
264 - 1DUM]1=0
o 265 VO 223 lu=),2
254 11DuUM=Q
» 267 A:ABS{CSTRS(LDCASE IElus2)) .
268 IF((Mp(IE, JTJY=A) GEs]e) GO TO 33
8 269 AF AP (IE, 1 JI1=A) LTel) jDyus=
27) IFC(Hp(lEsIJI=A) o LToleANDVIPPO NESIIPRINT 31 eNBEANCTIE L $),E
271 3l FORMAT(LIH /77 PLASTIC HINGE AT NHODE* IXs1Zy? OF ELEMENT®v1X012)
272 : 1=1 .
3 273 DUM])=(SSPIIE+18)*1 ,E~3)®({{9500,/(YSTRS®] ,E~6))+25,)
274 WUM2=(SSP(1E+18)1%1]1 ,E-3)e((9500.,7/(YSTHS®]1 ,E=6)))
» 275 AFUIPPQeHE, 1) PRINT 1312+DUi1),DUM2
270 1302 FORMATCIH +30X+*FOUR :9'45K¢"5INGLE CURVATURE® 19X
277 B°0O0UBLE CURVATURE® v/ 27X 'CRITICALY 98X1ELU.5¢20Xe
279 BELOU,S5,/128X*LENGTH®»/)
L 279 IFLITOUM,EQL) GO TO 223
289 33 IFL1ouMllEQ. L) GO TO 223
s 2d] IoumM]=1.
-t 282 DUMaSORT(YSTRS®] E=6)
“ 283 DUM1=g5SP(IE+S)e0.23028/DUM
284 DUM2=) ,68737E2¢55P(1E+S)#SSPIIET7I/(YSTRS®SSP(IEs4)8].E=p}
. 8 285 A=MIN(DUMI DUM2) .
284 IF(IFLAG,NE.~1,AND,IPPQ,NE, ) PRINT 133244
s 267 1332 FORMAT(IH o+ LIMITING UNURACED LENGTH $*«lXsE10e5) .
249 IFUIFIL AG,EQe~t JAND,JE.EQ, 1. AND, IPPQsNFE, 1) PRINT 1333 A
289 1333 FORNAT(LH o///7+0 LINLITING UNBRACED LLNGTH FOR?
292 #* NONPLASTIC ELEMENTS $'42Xs¢210,.5)
5 291 223  CuNTIpUE
292 222 CONTINUE .
&7 293 IF{18p,NE.1) GO TO 778
294 IFILDCASELEQ.HLC) GO TQ 778
8 295 LUCASE=LDCASE*+]
296 PHINT 98S,LDCASE. :
o 797 985  FORHAT(1ALe120°e°1+/7+% LOAD CASE'+1Xv12+7+131°%e%31
: 299 GO YO 74
& 299 778 LOCASE=D
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3Ja

222 1E=0
301 LUCASF=LDCASE*+]
392 babb lE=1f4]
303 IFtjgp ,NE. 1) LDCASE=LCRTCS
304 JFe1pp . diE . 1) NLCSLIOCASE
335 IFILUCASE.ER.NLCLAND,IEEQ,4E)} GO TO 2395
334 IF (\RFIURNILDCASE s IEY FRal). cALL NEYSEC
397 IFLIE,EQ.NE) GO TO 777
328 GO YO 4b66
339 395 PRINT 2346
3190 2346 FOURMAT(IHN +/7/+39%x+* ALL DESIGN CHECKS®
kYN ‘ #' SUCCESSFULLY CUMPLLTED?)
312 PRINT 3658
313 3658 FORMAT(IHLe® PHEW?)
31y stop
315 END
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)

]
PLASLY«ADPE (1) NEWSEC
L} i COMPILER(XM=3)
2 SUBROPTINE NEYSEC
3 COMMULY ZEXT/RK(U]157093)
) [ G800 0000800800800 R0ON Rt sban®etatosny
[ 5 C 1F THE A,1.S.Cs KREJQUIREHMLNTS ARE NOT MET
5 C A NEw SET OF SECTIOnS HAS Tp b CHOSLEN
11 7 C 0008000008030 tREIREPRIOIPINIITSIDOtE DN
3 COMMOiu/BLKIZAROUP Y HCULP s 1P 123,20 o NE s HOFE 41731 ,P (73],
.3 9 BNE o IPFLTS(23¢4¢2) e PSTRN{L230490,STRNI2344)4STRS{2304),
12 BHOWA 191G12304) (NELTS oL P, 1STOPIHAXS
13 11 BNBAaNWsEvEPYAE'EL o YSTRS s iBEAN{23+92) e COORDX(23) s
12 #COORDY(23) oELLENT23) o SELT(23) ,CELTI231 0 HNFAINDES
17 13 BUBAS s yDFBUALIBCI73) o HTI o201 BCI3) PP (10,731 sRLAMDAL}0)
14 BPPP(3) +bL(3) o L OADILG73) o QUT( 231 2DET FALTS( 23049}
.0 1% B30230406)4BTSU230604)1BTSBU06) s DELIG) vALPHA(2302)
16 BOSTRN{2304) 4 DPSTRNI2344) DSTRSE234) v HELT(8Re4)4DULTIN
o 17 BUP(73) yRAIINGIDUMPLI73) v MSeilBSyEA(23),REI(23)yIPHASE
1d BIHOEX , JDUML W LOCASEsSPI42¢20) e 2P 12342) , JCOUNT(2342) s
z 17 BIEND (230 s NLCHHSEC
23 CUMMO»/BLK2/CSTRSU10223,4)sFFFLENC23),1COLEL1GY
] 21 HCMLI(23)19CHU23)9pPE(23) yBUKCHK(2342) oK (23)RMN(23),
22 H#OMP (23) sy RETURNI(10+23)
a 23 CUMMOII/BLKS/RLBBIE1Je23)45RATIO(10+23) ,AXSTRE10423)
24 CUMHO0Ii/BLK6/SSP(23020)
29 25 COMMOH/BLK?/LCRTCS
26 CUMIM0.I/BLKI/1IBP, ISHOKT I ITAB
n 27 CUMHMON/BLKIOG/ZEFFMOML23) )
23 UIMENSION SSP1(23+20)+55p2¢23,20),1CNT(23)
= 27 o ICHNT 1 (23) 1 ISECI23))RLBBOI23),SRTIOD(23)+AXSTRD(23)
30 REAL 1P )
85 31 REWIND 12
32 READ (1211001 8USPtTeJ)vd=1420) ;1] HSEC]
n 33 100 FORMAT( )
34 PRINT 111
s 35 111 FORMAT(IHL+/7¢55X012(%¢*),/+55X+s*NEW SECTIONS®,/
36 B59X,j2(%et}})
4 37 PRINT 666 .
33 466 FORMAT (14 o//7+v9 ELENENTY o 7Xs¢SECTIUNY 45X
2 37 B 7 X v "B s 7R " TL Y 16Kk e T2V X "A% 46X XXV 1R, PZEXX®
43 BoedX oy V2P XK' 04X o "RAX 09X 0 " JYY O 4G X 0 ZEYY O 99Xy
L 4] BYLPYY Y s 44, 'RYY ) i
42 IF(IBP HELL) GO TO |4
43 11=0
44 12 12=p ,
L 45 liall+} . -
45 13 12212+ ) .
51 47 IF(RETURI(LLOCASE»1E) . NELI) GO TO 22
48 IF(I1.EQ.NLC.AND,12,EQ.1HE) GO TO 14
49 IFIRLOBUOTIvI2),LTelE~8) GO Ty 20
59 IFIRLBETLe12) ,GERLBDETI+]1,120) RLBBDUEI2)=RLGEa(11912)
51 20 TFUAXSTRITITo12),LT,1.E~83) GO TO 21 ’
52 FFCAXSTROTIL 0 J2) JGELAXSTREIL1+1412)) AXSTRO(I21cAXSTR{1ILel2)
5 53 21 TFUSRATIO(I1«12),LTsl.E=H) 3O TO 22
S JFUSRaTIOUE1212)eGELSRAT O(I1+]1,12)) SRTIODI)2)=SHATIOI]1}.12)
&0 55 22 IF{12.EQ.HE) GO TO 12
S% GO TO 13 '
o 57 T4 CUNTInUE
S3 IFUIBP.,EQ.1) GO TO 144
@3 59 VO 933 IE=14+NE
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3
) HLBUD¢(FE =RLUB(LVCALE S JE)
5 51 SRTIUGLIE)=SRATIUILDCASE s LE)
52 AXSTR,(ILI=AASTRILDCASE, [£)
63 733 CONTLHUE
64 144 DU 1 JE=1YNE
8 65 “IF(RETURNILDCASESIE) NEL1} GO TO |
66 IK=3
1" &7 331 IK=IK+1 :
EY) JFOIS5PLIEL 133 ~SPLTIK13))GF.0) GO TO 331
3 Y ISTART=IK
79 IF CARBSIRLAGOCIE) )+ GT 1) SSPI(]E.183=56P(1E213)
15 71 BeABSIRLBAD{IE)) )
72 IFCABS(SRITOULIFEI).GTol) SSP2(1ES1BY=65P([Es18)
” 73 #PABSISRTION(LIE))
74 IFCAUS(AXSTRULTIEI ) GTal) SS2(IE]0)3SGP(IEY U)eABRSIAXSTRULIED)D
9 75 SSP(1{ +18)=S5P2(1EvI3)
76 IF(SSPI(lEv1B) GE.SSP2( 0 e13)) SSPILE,181=SSP1(]Es18)
21 77 IK=]START
73 3 IK=]K+] '
23 79 IF(IK.GT.HSEC) [SECIIEYN=] _
8 IFE(SSPIIE18)=-SPUIK18)),6T.0) GO TO 3
5 4l 1CHT(IE)I=1K '
82 IK=ISTART
14 33 5 IK=IK+]
e IF(IK.GT NSEC) JSECIIE}=]
2 85 IFO(SSPIIE10)=SPLIK»1UI)GT.0) GO TO S
) ICNTI(IEY=1K
3 87 li=JCNTl1E)
B3 IFCICUTLCIE) (SELICHTLIE))Y T1=1CNTI(IE)
L] 39 1IK=9
99 6 K=K+
35 91 IFCIRK.GT HdSEC) ISEC(IEY =]
92 IFU(SSPILIEV]10)=-SP U1K 101 )«GTL0) GO TU &
7 93 ICHT(IEI=IK
914 1JK=11
9 25 IFCICHTHIEY «GTLIT) 1UK=ICNT{IE)
75 400 CONTINUE - .
4 97 LO 7 1u=1,20 .
93 7 SSPUIE s bJ)=SP I Ry 14)
3 99 EAUIE ) =SSP (IEsv Q) %Ee ] Empg.
102 REL({1E)=SSPIIEs 1) ®Es]  E=?
& 1J1 HPLIE, 1) =YSTikS®SSPIIES13)%] ,£=9
192 IFAEFFMOMCIE) e LTul.) GO TO 3221
4a 1233 IFCLMP(TEVII/EFFHOMITIEDY ) LT ,0:98) HPIIELII=EFFMOM(IE)
134 3221 MPLIE,2)=HPLIEs )Y |
@ 1J3 S45 FORMAT(IH »* M3 SUITABLE SECTIUN IS AVAILABLE?
134 #' FROm SELECTION 14 DATA-FILE & FOR ELEMENT®,1Xs12)
5 107 i CONTILUE
133 VO 55 IE=1sHE
63 139 1IFCISECLIE) 4EQ,. 1) PRINT 54S,1¢"
110 PRINT 777,80t sSSP LIE o) SSPIIEY2) 2 (SSPIIEsJ) s g=4+7),
111 HASSPJCvJl}eul=10+181))
112 777 FORMATOIH 02X T30 B8X W FY,00 "¢ 0Fq4,Ge2X15(F5.10¢3%)
51 113 Be3lFb,1s2X)+5(F5,1+3X)4/)
114 55 CONT I NUE
5 115 V0 555 Ita),NE
1o 565 IF(ISEC(IE).EQd,1) STOP
61 Ti7 THDEX=]
[ R [PHASFa]
6 119 RMIN=]
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123 Wl S vel} LICaLL=]
129 P i, B0et) L=

1e2 Ly ash =L 2Tl

123 LE=pCnres

12y ChbL (el

125 [ATEA]
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