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(ii) 

Abstract 

The desire for more efficient and realistic structural design 

of plane steel frames has brought plastic methods of analysis to the 

fore. Though not conunonly used in South Africa, pla~tic methods have 

been adopted elsewhere, particularly in the United States. An in-

oremental approach is presented, leading to the ~eteZ111ination of the 

collapse load of a structure and its consequent design. The structure 

is then analysed using deformation theo~y analysis, and the results 

are checked using the A.I.$.C. ~econunendations, a summary of which 

is presented. A qpmputer program which au~omatically executes the 

des~gn and analysis of any plane steel frame is included, and some of 

the results obtained from the p~ogram are presented. 
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1. 

C H A P T E R 1 

Introduction 

1.1 Historical Remarks: l.l, 1 •21 l.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 £or the 

continuum problem. Previous work by Coulomb (1773), Poncelet (1840) 

and Rankine (1853) was confined mainly to the behaviour of soils. 

St Ven~t (1870), u9ing the yield condition given by Tresca, 

introduced constitutive relations for rigid, perfectly plastic materials 

in plane stress. Levy (1870) generalized this relation to three 

dimensions. 

was made. 

For the next thirty years little significant progress 

The first reference to the plastic behaviour of structural 

members (beams) was m~de by Ewing (1899) 1 "4 ·who discussed the influence 

of bending beyond.the elastic limit on the distribution of stress and 

presented stress distributi9ns closely resembling those currently used 

in simple plastic theory. Ewing furtner pointed out that the bend~ng 

moment which will 'break a beam' cannot be calculated by the usual 

elastic stress formula (M = cry/I, where M is the bending moment, 

a is the bending 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. 

It is interesting to note that the elastician A.E.H. Love 
1 5 . 

(1892) • recognised 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 
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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 (1913) 1 "16 who introduced an alternative 

yield condition which together with the flow rule of the St. Ven~nt­

Levy theory provided an acceptable set of constitutive relations. 

Between the two wars significant theoretical advances were 

made by Hencky (1923) 1 •17 , who interpreted von Mises' purely mathematical 

approach, Nadai (1923) 1 •7 , Prandtl (1924) 1 •18 , Geiringer (1930) 1 •19 

and Reuss (1932) 1 •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) 1 "6 ). Von Karmen (1925) analysed the 

state of stress in rolling, and S~ebel 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 temperatures 

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, 

it is to Gabor De Kazinczy (1914) 1 •8 that credit must go for the first 

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 •1 

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 Heyman, 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. ThUrlimann. 
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In 1951, simple plastic theory gained its theoretical foundations 

in the form of the two fundamental theorems of limit analysis, 
1.22 h established independently by Greenberg, Drucker and Prager in t e 

United states, and by R, Hill l.l in Britain. (It was only in 1960 that 

it was learnt that these theorems had been obtained in 1938 in the 

Soviet Union by Gvozdev 1 •23 ). Application of tnese 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 ~aker 
and Heyman (1969) 1. l3. 

In 1953 the European Committee on Concrete, .then in 1955, 

the European Committee for Constructional Steelwork (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 s~ates as the basis of its work, whilst 

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 Rig~d Design). 

1969 edition states (Cl 9(b) 3): 

The revised 

'Alternatively, it (the design) shall be based 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 a.Pove paragraph coinci<;les verbatim witn the 1948 provision. 

Between 1961 and 1962, Spain, lndia and u.s.s.R. included 

plastic design in their standard specifications by making general 

provisions similar to BS 449. In 1963 the United States followed 

suit. The major drawback for design engineers was the lack of detailed 

guidelines and consequently the engineer had either to justify his 

plastic design by personal research, or revert to el~stic codes. 

In February 1969, the American Institute of Steel Construct+on 

. t d d d 'l d 'f' . f 1 . d . 1 •14 h in ro uce etai e speci ications or p astic esign • T e 

code included detailed provisions for beams and girders, one and two 

storey buildings and a few applications to braced multi-storey frames. 

This code, with 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 

4. 

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: 1 •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. 
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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. Furthermore, 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 cr. Suppose further that 

the set of loads AW (where A is greater than unity) produces a maximum 

elastic stress µcr. The factor A is termed a load factor, while µ 
is a stress factor. If the relationship between load and stress is 

linear throughout the structure up to the load AW, then A equals µ. 

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 
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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 Heyman1 •2 cite the load factors implicit 

in BS 449 as being: 

i) 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 str~cture 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 values 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 Approach: 

The. conventional simple plastic design procedure, as applicable 

to plane frames, is well 

d H 2.1, 2.2, 2.3 an eyman, 

established (see, for example, Baker, Horne 

Massonnet and Save, 2 · 4 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 

given, 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 potentially critical. 

Load factors are then assigned to each load combination, either 

according to a chosen specification or at the designer'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 and 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 conditions, 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 assumptions must be established in any 

simple plastic design, and if approached from first principles, require 

calculations of considerable complexity. 

the relevant literature readily available. 

Most designers do not have 

A parallel situation occurs in the classical elastic approach. 

In this case, however, the designer has recourse to the design codes, 

which, when appli.ed, ensure that the corresponding elastic design 

assumptions are 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 lim.its stipulated by the Standard. 

The A.I.S.C. specifications
2

•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. 



11. 

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. 

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

All references below refer 

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 Factor (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 conjunction 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 (t/r) shall not exceed 

C , where 
c 

c = c 
(2 .1) 

where E is Young's Modulus (MPa) and a is the yield stress (MPa) 
y 
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1.0 

12. 

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/r ratio. 
2.7, 2.8 

Experimental data has shown that column failures occur 

at stresses above ~P (Figure 2.1), even when such factors as eccentricity er 
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). 

- -- ....._ Colu"'" Re~ea..-c.h. Co ........ ci I 
....._ ....._ '- / l>e'!l1°~n C.\AC'VC 

...... 

' 
' ' 

' ' 

0.5 -·-·-·-·--· -· 

0 1·0 

Figure 2.1 

! 12 

I 
' 

2·0 

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

in the member permitted by the code is: 

P = l,7Acr 
er a (2.2) 

where A is the gross cross-sectional area of the member, and 
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(1 
(Q/r) 2) 
2c2 

a y 
a c = (2. 3) a 5 3(i/r) (R./r) 3 

3 + SC sc3 c c 

In this expression R./r is taken as the larger of ( R./r ) or (ki/r ) , where y x 
r is the radius of gyration about the weak axis 

y 
r is the radius of gyration about the strong axis x 
(the web is assumed to be in the plane of the frame) 

and ki 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 (cr = 0,6a ) • 
a Y 

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 kR./r values to the limiting 

value C (equation (2.1)). The ordinates vary from 5/3 when ki/r = O c 
to 23/12 when ki/r equals C • The curve is represented by c 
equation 

0·6 

0·5 

0-4 

0·3 

0·2 

0·1 

Figure 2.2 

(2.3). (see Figure 2.2). 

0·5 
'd/r 
Cc. 

1·0 
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Members subject to combined axial loading and bending moment 

shali be proportioned as so to satisfy the following interaction 

formulae: 

a~d 

where M 

p 

p 
e 

p 

p 
er 

+ 

p 
p 

y 

is 

is 

+ 

the 

the 

M 

CM 
m 

l,18M 
p 

maximum 

applied 

< 

< 1,0; 

1,0 

M < M 
p 

applied moment 

axial load 

is the Euler load 
7r2EA 

= 
(kt/r ) 2 

x 

(2.4a) 

(2. 4b) 

P is the maximum axial force under conditiona of zero moment, i.e. y 

P = a A y y· (2. 5) 

C is defined as follows: m 
i) For compression members in frames subject to joint translation 

ii) 

(side sway) 

c m = 0,85 

For restrained compression members in frames braced against 

joint translation, and not subject to transverse loading between 

supports in the plane of bending: 

c = m 

Ml . 

but not less than 0,4 

~ is the ratio of the smaller to the larger moments at the 

ends of ttat 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 



a} 

b} 

the 
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their supports, the value of C may be determined by rational m 
analysis. In lieu of such analysis, the code permits either: 

C = 0,85, for members whose ends are restrained 
m 

c 
m = l,O, for members whose ends are unrestrained. 

M is the maximum moment that can be resisted by a member in 
m 

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 m p 

For columns unbraced in the weak driection: 

M 
m = 

y y (9.,/r } .f(J"J 

where cr is the yield stress in MPa 
y 

< M 
p 

(2 .6) 

(2. 7) 

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 M
1

/M
2 

= - 1,0. For other 

values of M1/M2 , adjustment is provided by using the appropriate Cm 

value in equation (2.4a) as defined above. 

(2.4a} is amplified below. 

The relevance of equation 

The application of moment along the unbraced length of axially 

loaded members, with its attendant axial displacement in the plane of 

bending, generates a secondary moment equal to the product of resulting 

eccentricity 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; 

(l ~) 
p 

e 

the terms of which have been defined above. 



M 
M, 
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Depending on the shape of t.he 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 C • 
m 

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 

ue, 
' 

1·0 ' 

O·S 

0·5 

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 value M 
m 

(equation (2.7)). 
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2.2.4 (Section 2.5, 2.6) 

Webs of columns, beams and girders, unless reinforced by 

diagonal stiffness, shall be proportioned so that: 

s < o,55 a ad 
y 

where s is the shear force in Newtons 

a is the yield 
y 

stress in MPa and 

(2. 8) 

a,d are defined 
. .b 

in Figure 2.4, and are measured in millimetres 

i i . ..-~~~~~~~~~. 

--0.. 

· Figure 2.4 

Using the von Mises criterion, the average shear stress at 

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

= (2. 9) 

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 

s < 

< 

a ad 
y 

0,55 a ad y 
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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 shear force and bending moment is given by: 

= (J z [1 y p 
(2.10) 

where z is the plastic section modulus p 
z is the plastic modulus of the web and 

pw 

z a(d - 2t) 2 
= 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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(Yield Stress in MP a) b 
cry t 

250 17 

290 16 

320 14,8 

345 14 

380 13,2 

Table 2.1 

~y 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 atone: 

d 680 

.fa 
y 

< a 

ii) For sections subject to pure bending: 

d 
a < 

1 100 

·~ 
y 

(2 .11) 

(2.12) 

iii) For sections subject to combined bending and axial compression: 

0. 
a < 

1 lOO (1 - 1,44 !!_) 
N a y 

d 680 
< 

a - la 
y 

p 

N for 
N p < 0,265 

N 
for N > o,265 

p 

(2 .13a) 

(2 .13b) 
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In the above expressions: 

a is the yield stress in MPa 
y 

N is the axial load 

N is the squash load in axial compression, and 
p 

N = a A p y where A is the gross cross-sectional area 
of the member 

. d bl h2 • lo h b . d . d f. Consi ·era e researc as een require in or er to de ine 

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 equations (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 {250/a , where a is in MPa, in order to cover the accepted y y 
range in yield stresses). 

2.2.6 (Section 2.9) 

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 pain.ts on a member or frame shall not exceed 

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

Jl, 
9 500 M er + 25 when 1,0 > > "." 0,5 = r cry M y p 

(2 .14a) 

R. 9 500 M and er when - o,5 > > - 1,0 = r a M 
(2.14b) 

y y p 
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r is the radius of gyration of the section about its weak axis 
y 

a is the yield stress in MPa 
y 

M is the lesser of the moments at 

M/M is the end p 
moment ratio, and 

is bent in double curvature, 

The foregoing provisions do not 

the ends of the unbraced length 

is positive when the segment 

and negative when in single curvature 

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. 

is not applicable in this work. 

The latter provision 

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 de~ined 

as the lesser of: 

Jl, 
0,20028.b 

= er ra y 

or 

5,468 Af 
Jl, = er a .d 

y 

where b,d are defined by Figure 2.4 and are in millimetres 

a is the yield stress in MPa 
y 

Ae is the area of one flange in square millimetres 

Equations (2.14a & b) are empirical expressions. 

(2. !Sa) 

(2. lSb) 

Equation (2.lSa) 

is derived from consideration of beams subjected to uniform moment and 

of average strain hardening modulus of steels employed for plastic design. 

Equation (2.lSb) is based on the resistance to lateral buckling 

ff d b ~ . d 1 . 2.11 o ere y St. Venant torsion an ateral bending . 

When both requirements of equation (2.!Sa & b) are met, beams 

with compact sections are insured against overall lateral instability 

and local buckling or excessive deformation. 
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C H A P T E R 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) Output 

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 described 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 structure 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) 3 •5 and Martin (1975) 3 ·~. 
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) 3 "7 ' 3 "8). This approach is not suited 

to automation due to the large degree of subjectiv~ judgement required 

of the analyst. Systematic methods have been formulated by Horne (1954)
309 

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 "11 which is a special form of the method of 

minimwn weight design developed by Heyman and Prager (1958)
3012

. 

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 nwnerical 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. 



25. 

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. 

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 load 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 case 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 according 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 modulus 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 

d 1 . 3.15 d . d Hot Rolle Structural Stee qections were sorte in ascending or er 

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. 

structure. 

That section is then chosen as a member of the 

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. 

User's Manual. 

This is dealt with more fully in Chapter 4, 

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 determine the deformations and internal forces of the structure. 

The problem is no longer one of limit analysis but an elastic 

or elastic-plastic analysis problem with known loading conditions 

being applied to the structure. 

Reddy 3 .16 _c~te Martin and • 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 



the structure, as well as internal forces. 

is dealt with in more detail in Appendix B. 

Deformation theory 

Although incremental theory might readily be reapplied in 

order to analyse the structure, the writer believes deformation 

theory is advantageous in that: 
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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 ~ccep~able 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 both 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 DEFLECTI9N 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) 

Load 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 C (equation (2.1)) is compared with c 
the slenderness ratio of each column. If the slenderness ratio of the 

column exceeds C , redesign of that member is necessary. The radius c 
of gyration required by the member is given by the present radius of 

gyration multiplied by the factor Ci/r)/C • The new member is tnus 
c 

chosen by finding that section which has a radius of gyration just 

greater than the new radius of gyration calculated above. The maximum 

axial compressive load P (equation (2.2)) is compared to the er 
axial force P in the member. If this value is exceeded the gross 

sectional area of the member is increased by the factor P/P , and a 
er 

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 C (equation (2.4a)) is input as data. (See Chapter 4, 
m 

User's Manual). 

automatically. 

M (equation (2.7) in equation (2.4a)) is calculated m 
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. 

increase the cross-sectional area of the member, increase r xx 

He may 

or 

decrease r 
yy 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 Section 2.5, 2.6 

The maximum allowable shear forces (equation (2.8)) is compared 

to the shear force in each member. If S is exceeded, the program 

print~: 'DIAGONAL STIFFENERS REQUIRED', as the code stipulates. 

If the effective ultimate moment Meff of an unstiffened section subject . p 

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 that member. 

3.5.5 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 

~ ratios in Table 2.1, 

(2.12) I (2.13a & b) • 

instance. The restrictions put on (i) 

d ratios in equations (2.11), and (ii) 

i) 

ii) 

3.5.6 

a 
If such sections are inadvertantly considered, the program prints 

'ELEMENT XIS 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. 

Similarly the~ ratio is checked, according to equations (2.11), 
a 

(2.12), and (2.13a & b). If the requirements 

'~ RATIO FOR 
a 

are not met, the.program prints: 

of these equations 

SPECIFIED : 

RATIO UNACCEPTABLE' and then 'ELEMENT X IS NOT COMPACT 
p 

AND MAY NOT BE USED FOR PLASTIC DESIGN'. 

Section 2.9 

The critical unbraced length i in equations (2.14a & b) are 
er 

calculated and printed for all points in the structure where a plastic 

~inge 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 equation 

(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 giyen, for single and double curvature. By consulting the relevant 

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 and Desi9n 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 general 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 problem ~or reanalysis. 
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C H A P T E R 4 

ADPF User's Manual 

4.1 General Description 

ADPF (Automatic ~esign of !:lane E:_rames) is a finite element 

computer 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 

resuits 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 

analy$e and check an existing design. 

The workings of the program are presented ?Y means of a macro 

flow chart (Figure 3.l(a)), the contents of which are amplified by 

Figures 3.l(b) and 3.l(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 presented 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. Th~ subroutines may 

act alone or in conjunction with others, each subroutine having a 

specific function. 

a) 

b) 

Among the general features of the program are the following: 

All arithmetic is performed in single precision. 

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. 



d) 

e) 

f) 
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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) 

The program 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 in 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 that follow (except for data input), 

it is assumed that the user has a basic knowledge of FORTRAN. 

4.2 A Typical Runstream 

The following runstream is used to access and execute ADPF. 

@RUN,/B)zSRUNID;ACCNT.NO/USERID,PROJECTID,TIME,PAGES 

@ASG,AX)SPLASLM*ADPF. 

@ASG,AX)SPLASLM*SECTN. 

@ASG,T)zS13 

@ASG,T)zS14 

@ASG,T)zSlS 

@USE)zS12,PLASLM*SECTN. 

@XQTl6PLASLM*ADPF.ABS 

DATA Ilit>UT 

@FIN 

The program 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. 

4.3.1 Units 

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 coordinates are defined in a global coordinate system. 

The sign convention adopted is illustrated in Figure 4.1 

x 
Figure 4.1 

Bending moments in the computer printout are in a local coordinate 

system (Figure 4.2). 

(Cl 
t 

Figure 4.2 
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4.3.3 

1. Parameter Statement 

NROWP,NCOLP,NSEC,IBP,ISHORT,ITAB 

where: 

NROWP (integer) 

NCOLP (integer) 

NSEC (integer) 

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 



AE (real) 

EI (real) 

YSTRS (real) 

Young's Modulus*Area of Section in kN 

(see Section 4.3.4(b)) 

41. 

Young's Modulus*2nd Moment of Area of Section in kNm
2 

(see Section 4.3.4(b)) 

Yield stress of steel in Pascals 

3. Load Factors 

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

factors associated respectively with each load case. 

4. Effective Length Factor and Buckling Restraint Parameter 

EFFLEN{l),CM1(1),EFFLEN{2),CM1{2), ••• ,EFFLEN(NE),CMl{NE), (real) 

respectively the effective length factor and a counter to indicate the 

degree of buckling restraint 

elements. 

{see Section 4.3.4{c)), for the ordered 

S. Columns Statement 

NC,IC{l),IC{2), ..• ,IC{NC) 

where: 

NC (integer) the total number of columns in the structure. 

{For the purposes of the program, a column is defined 

as a member which is expected to be subjected to 

significant axial loading. A distinction between 

columns and beam-columns is necessary when the AISC 

specifications are applied). 

IC(l),IC(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(l,l),NBEAM{l,2),NBEAM{2,l),NBEAM{2,2), ••• ,NBEAM(NE,l),NBEAM(NE,2) 

where: 



NBEAM(l,l) 

{integer) 

NBEAM{l,2) 

{integer) 

NBEAM{NE,l) 

{integer) 

NBEAM{NE,2) 

{integer) 

node number of 'a' end of element 1. 

{see Figure 4.2) 

node number of 'b' end of element 1. 

{see Figure 4. 2) 

node number of 'a' end of element NE 

node number of 'b' end of element NE 

7. Relative Yield Moments 

42. 

MP{l),MP{2), ••• ,MP(NE), (real), relative yield moments of ordered 

elements {see Section 4.3.4(d)). 

8. Nodal Coordinates 

COORDX{l),COORDY(l),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 N.,N. (integers) is the number of the node, repeated, which has 
l. l. 

boundary conditions I,J,K (integers) and where 

I = ¢ - if constrained in global x-direction, 

I = 1 - if unconstrained in global x-direction, 

J = ¢ - if constrained in global y-direction, 

J = 1 - if unconstrained in global y-direction, 

K = ¢ - if constrained against rotation in x-y plane 

K = 1 - if unconstrained against rotation in x-y plane 

Totally unconstrained nodes need not appear under the boundary 

conditions. A boundary condition subgroup such as * above corresponds 

to each node which has any degree of constraint. However, should 

consecutive node numbe'rs N. , N. +l' •• N have the same boundary conditions 
l. l. k 

I,J,K this can be input as 

~ 1, -1 indicates the end of the boundary conditions. 

10, 11. Load Cases 

The input for each load case has the same format: 

K 

Ci'Ni } . . * 
P ,P ,M x y 

{ l 
J 

{ } 
- 1, - 1 

where K (integer) is 

** 

the number of the load case; N.,N. (integers) 
l. l. 

is the number of the node, repeated, which carries external loads 

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

p is load applied in global y-direction, and 
y 

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'···1f\ 

have the same loads Px,Py and M, these can be input as 

Ni,Nk 

P ,P ·· ,M 
x y 

- 1, - 1 indicates the end of the load case. 

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

Thus there must be NLC such groups (see Structure Statement}. 

12. End of Loading Statement 

- 1 signifies the end of all loading input 

13. ·oeflection Checks at working Load 

{N. ,I. ,D.} 
l. l. l. 

{ } 

{ } 

- 1 

* 

where N. (integer} 
l. 

number of a node at which a deflection is to 

be checked 

Ii (integer} 

and D. (real}· 
l. 

or 

I = 1 for deflection check in 

I = 2 for deflection check in 

I = 3 for rotation check 

limiting value of displacement 

at working load 

global x-drection, 

global y-direction, 

(metres or radians} 

A data subgroup * must be entered for each deflection check. 

- 1 .indicates the end of deflection checks at working load. 

are no deflection checks at working load - 1 must be entered. 

If there 
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14. Deflection Checks at Ultimate Lead 

The form of the input is the same as that for deflection checks 

at working load (see§ 13), where D. is now the limiting value of 
l. 

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. Analysis 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 

r.,N, 
. ,SP(20J 

. l. l. 

* " .. . 
SP (l) I SP ( 2 ) I • 

{ } 

{ } 
where N. ,N. (integers) is the number of the element, repeated, which has 

l. l. 

sectional properties SP(l),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 N.,N. 
1

, ... ,Nk have the same 
l. l.+ 

sectional properties SP(l),SP(2), .•• ,SP(20), these can be entered as 

{
Ni,Nk } 

SP(l),SP(2), ••• ,SP(20) 

- l signifies the end of sectional properties. 
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Figure 4.3 Two-bay Pinned Portal Frame 
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Design and Analysis Required 

,?o-4~·--·-·--·--1 
-· 2·"1'S t" 

:·--1' 5·0~ 
0·4 

-- -

-t--~---'----r------1-18·24..,.:. 1s;z4 ~ 

Loading: Dead Load = 1,42 kN/m uniformly distributed 

Live Load = 2,45 kN/m uniformly distributed 

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

Figure 4.4 Element and Node Numbering 

z 

© ® 

.1 1& 

(g) denotes the element number x. 

x denotes the node number x. 
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4.3.4 

a) 

so. 

The extended system stiffness matrix [K ] is square and symmetric. 
T 

The elastic system stiffness matrix B SB, 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. 

is stored as 

I 
, I ,. , .. 

B1'SB' I ~B ... S 
":I , 
.t' f. 

} ' ; ·¥;; .. :':'." 

r~-r·:~~; ~ 
1 

i 

Figure 4.5 



where NE is the number of elements, 

NN is the number of nodes, 

51. 

and x is the greatest numerical difference in end node numbers 

for all elements. 

Thus, total number of rows = NROWP = NN*3+NE*4, 

and total number of columns = NCOLP = 3*(x+l)+NE*4+1. 

b) 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 104 kN and 106 kNm2 for EI and AE respectively are 

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.,0. 

c) The designer must decide on the effective length factor k, 

where ki is the effective length of a member and i is the actual 

length of the member, for each element of the structure. 

This 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 parameter C is defined in Section 
m 

2.2.3 according to four categories of restraint conditions. 

The designer must stipulate either: 

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

joint translation, 

CMl{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, 

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

CMl(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 

yield moments, in the order of element numbering. A datum 

value 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·oata 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 Abridged Version of Handbook on Hot Rolled Structural 

Steel Section 3•15 , and are ordered in ascending m~gnitude of.ZP~(xx). 
'11le dimensions of the section properties remain as in the handbook. 

For example the section 

Se""iei\ Si~ .)>& d b (),. t. r h, A r •• Ze.~ z",. r..,, I~:i ledj ZB,, r,, c. 

~'/"' IO~z -1. 4 -" ~ .(, ~ _, 4 _, a -" ' -q ... 

tn'"" l'l'IW\ """" "'"' ......... tnW\ "'"' tom IOrn 10111 ""'"" 10"' !Om IOm "'"" IOM 

~'i>x l&S 46·.1 '?IC>7-1 16'5·7 6·7 II· f> S·'1 "266 S·978 qq.~5 'Al 7Zl·S l~O 8·'\'S7 108·1 t(.S·S :."\ zs•;n 

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, 108.1, 165.5, 39., 288.2, 26. 

d/t 

Z6 
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At the time of writing SECTN. contains all the compact l-

ab k 3.15 h sections listed in the Han oo • T e 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 Zpi(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 methods 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 

~aximum 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(l57,98), 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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ii) Ten other labelled common blocks exist, called COMMON/BLKl/, 

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 

maximum number of elements, and (NN*3+1), 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. 

subroutines are listed below. 

The names of 

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

recompiled and mapped as follows: 

@ADD~PLASLM*ADPF.FOR 

@ADD~PLASLM*ADPF.MAP 

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

(i) FOR (ii) MAP 

@FOR ADPF.MAIN @PACK ADPF. 

" II • DATA @PREP ADPF . 
II " .SOLVE @MAP,IN ADPF.ABS 

" " .ELTMAT IN ADPF.MAIN 
II " .STRSTR II II .DATA 
II " .OUTPUT II II .SOLVE 
II II .ITER II II .ELTMAT 
II II .SOLVED II II .STRSTR 
II II .ELTMAD II II .OUTPUT 
II II .STRSTD II II .ITER 
II II .OUTPUD II II .SOLVED 
II II .I'l;'ED II II .ELTMAD 

" II .SORT II " .STRSTD 
II II .CONTRL II II .OUTPUD 
II II .CHECK II II .ITED 

" II .NEWSEC II " .SORT 
II II .CONTRL 
II II .CHECK 
II II .NEWSEC 



SS. 

C H A P T E R S 

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 SB) 

A 2S4*146*24.S section was initially chosen for all members. 

This section was then found inadequate for the columns of the strucutre 

and a 3S6*171*67.2 was substituted, which proved adequate. 



5.2 Fixed End Rectangular Portal Frame (uniform) 

t 
l ' ' 

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 

Load factor = 1,4 

\ 

56. 

l 

The above load factors are used in order to compare the results obtained 
1.12 from ADPF to those of Massonnet and Save , page 339. 

Section Size z 
PR. 

ADPF 356*171*67.2 1213 x lo-6 3 m 

Mas sonnet and Save 16WF45 1344 x lo-6 3 m 

The 16WF45 has dimensions 409*179. No equivalent metric section exists. 

The next lower American section has a zpR. less than the required value 

(1270 x lo-6 m3) .. Although the section obtained by ADPF has a 

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

it proves adequate. 
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5.3 TWo•bay•Rectangular·Portal Frame (non uniform) 

ll ' ' .. ' i ' " .--......---.--.---.--~---,.----r----r•-=r·-"::3·--r---.----. t4·S"I 'r1.N/rv\ 

']) E. r= 

,~5'11NL«*. 4.i;7,.,... 

A c 

•M4"" 18·3\"I'\ 
J__ 

Fiqure 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 

Aqain, the above load factors are used for comparison purposes 

CM d l. l 2 355) assonnet an Save , page • 

The proportions of the structure are: 

Member 

AD,DE 

EB 

EF,FC 

AD,DE 

EB 

EF,FC 

ADPF 

l 

3 

4 

406*140*46.3 

533*210*109 

610*229*125 

Massonnet & Save 

356*171*44.8 

533*210*92.5 

610*229*125 

Remarks 

1 Section heavier 

1 Section heavier 

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. 



l. 

5 - ' 
--

••••••••••••••••••••••••••••••••• . 5 .-
• • 

,_ 

9 • AuTOllATlC DES I Gtl Ar:o AIULl'SlS • 8 

11 
• OF Pl:AtlE FRAHES • i 

! • 10 

.. P.0.GRIFFlrl • 
• DEf' I• or CIVIi. LifG PEER ING • 

I • UiUVCRSl TY of' CAPE TO,,,, • 
• • 
• • . 

·"':':3 
12 

14 
15 

!') 1~ 
17 • UfllVAC 1106 EXE.CS • 

• • 18 

' ·- ••••••••••••••••••••••••••••••••• ()9 0 
20 

21 

·········*······················· ..i011 :Ji:.sc~ !PT ION . • -• . 0 
23 

22(.) 

• • 2$ 

• • 
• l~_p be>.':\ p1n~~\.frca .... e • I - ··----- _J 

' .. ·s (J 
25 

r. 

r= • l'\ll...d+S..t><>~·~oc:l 1-cl ('-.si7) • ! 'Z[;~j 
29 "Li.•l D..a.l +s..,...-~ +•·""cl CJ..~ 1·~) • -·1 
• ------ • '.lles·,'3"' !!r>d. aoal't1.5is • _SO 

J• • • , c 
I • r ~ • 1 0c.1 n iJ 5 ., • 'P.l>. CiR•"P•tt • 

...---· __ • ) n t. • • • • • • • • L" • • • • • • • • • 32 
~I ••••••Ot••••••••••*•••••••••••••• 

35 

~}7 

39 

-------------------------------------------~---------------------------------------!' s(:, 
36 --·-----------·------·-----·- --------'---------------------------------------------------------------------------! t 

·------------------------------------,------------------------------------------------------i 
..... 

38 

~~ ~ 

!--=======================================-~~====================================~~ 42 
IS 

45 

18 

I . I~ t=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:~~~~~~~~~~~~=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=: I ~============~-===========--1:~ln • [___ (D 2 

551------

~1 

5e 

v_ l1D © v::: 
5t' 

57' -·--. ·---·-----------

-~L========-~~--~~~~ 6D 

e:i•---------------· ---- - ------------

---- ---~ ... 0 ~-=-·--



("\ 

a ,..... 

5 

,...... 

9 
r-·-

tt 

,..., 
··- 3 

15 

17 

~o 

21 
r-. 

23 

,..~.5 

v 
-, 
' ....... 

29 

(;)1 

I 

11UN!)£;/ OF EL.fr1€NTS .. 1S 
:•u1 !"tt,;.if ur ,.._,,, t.!:> = lb 

t.L";, I l I.; 1ui.JULU~ .. • .tUjOUIJU+uv 

\.UU \L,Jl\IA C.~ Vf llil:Jt.:;, 

v~c;. ~ 

I ,OOUJQn • J,,tJOJO 

" ,u.JUJGU , 5 r1 Ju J U + 0 I 
3 • 3J<t•.rno+u 1 .611Jnno+o 1 

.uuJL.uU ln •I: 1iJU...,:.J +\t l 
s • 'I l 2 Ji);)+() l ,7h3J.J+JI 

" • lL l"~IJ "UL 0 1; .JllJJ+Ul 
7 • 1 ~2 .. hh.1•u2 .orn:J..,u ... o l 

" • l :.>f. t·1d 'U"l • ~i··J~J..;J+U 1 

9 , l dl'I0,1+02 • ~1,:; )u:J 

'" .~1. .. ;c1:.i ·uz , b;• JllllO+U I 
l I ,2'131c·J•ui • 7n·1u.lJ+ll l 
TL ,<t.l<>Q;i•u7 , 7 •'>.l:J•J+I) I 

13 • )<J'! 1};j.J+02 , 7r• JliJJ .. O I 

I u:l l TS : i< 1urnEw111:':.; Ml() i1ET «C:S 
•••~•o••••••••••••••••o••••••• 

-·-

I 
I . ! 
' 

--1 
! 

i 
I 

2 

e 

8 

10 

12 

14 

i6. 

18 

2ll 

22 

24 

23 

2.0:'• 

30 

\.. 
32 

I • • .,.,., .,.l,,.llJ i.J~ • 0:1.J'.JJ,J+ .. ' ! 
- - I s.i" 

I '·· 
OS3 I!> ,Jl>'l3Gl)•t.;l .51•:.JIJJU+OI ~· 36 

I I b 30•1aoo • 02 , or •. .1000 , • .., 

35 • l _._, 

• h - 1:, 
----~ '2(.:· 

- - -1~ 

.-J(Q 
I so =rr==·E··-v~~,~-,~·~~~~~-~~-~~~~=-===11~ 

···----··- .•• 54 
I ~- • 

L__:_----:----------------·-----------------~ss ------j:: 
---- r~ ·-yi -r-;=:s-c. .. ;~ i ~ 

---· 1- _I I. .-: - - ~ ·--; ~~---~---,-----~ 

V1 
~ 



.-. 

...._ 

3 16 ·; ..: • '1 ..... ------- . 2 h .. ;," ;'''" ... "' . ----------~~==·-1 4 
Is 

9 LUAOlrlt;. -----IS 
'""I 1a ---

tt 
rrnot: PX PY i10iH;rJT 

2 • l".JJUU'.l - • ~13UDlJ:J+D I ,UUOOllu 
3 •. i.j•)(l:JI) -. J (7i.~i.l+J2 • nuoo:1u .. • iifJ!JVi.JO - • I l 76:.,.)+..;2 .UUUJuu 
~ • [l q 1] J :) 0 - • l l 76·J'J+U2 • o.;crnu 16 

17 6 • f1J'J.JUO - •I l /l>uO+rJ2 • uuca:1u 
7 • ;lfJ•llfJQ -.111.:.u:.i+J2 n.·:iriri 1 

0 • ~JU,JJJ - • :>oa1J'.JJ+:J 1 
l'.l • ,-.dJJJ~J -·ll/6.J.J•U2 ,JUudJG 

••• - .. v • v ~ • .. v v " v.. _j 19 

50JUJJ+Jl ,0UOJJu lro 
11 • i• liJ J'JO - • i ~ 7 b ;J 'J + 'J 2 , GuG.J·ji.,; 
12 • ,· .J ucJ JG -.1!7tJJt~+ .. J2 , ij(!UU ];,; 

-1 
j z: 

.. 21 I 
23 l.J ••. J.J.J,]Q -, l J lbJ.h:.12 , UuOJJi.i 

l'l , •··HLIJO -·ll76JJ+D2 • Ou.J,JJO 
I!> • r.JOuJO - • :Jd.>000+0 I , GUO J:):J 

124 

~$~ 
.-.s 

ll.iAJJ. 

JG 2 ------------------------- ,2( 
-2!) ~ P'( • .Ji.il-!E.JT I so;~, ;'-tQ:JC: PA 

2 , I J9.J.Ji)+J:! - . s 3,J1l11·1..._,' • .,.,,...,..,._,..,T.,,., ,Llt.ILlJ.Ju j32 

- • I I 7 6 .J CJ+ IJ ;> • iJ () 0 J 'J J l 
- • I I lb '.l 'J + 02 , Ou 0 0 ,JU· s.() 

---·----

- • 1 l ~ .j • ·' Ji.JJ,10 
'I • ·'•JJ.J JO - •I: ,, , l·'JGJ.Ju -. I -.117600+U2 ,UOUuJu 

, llL1Ut11(J ~ S5 

()1 1· 7 • ; '.J .lJ J - • ~ I l 6 J IJ+ ~· 2 • :J ,,.; (".) i; ! "· .' 
•J , ,;r; .. L)G'.:.' - • ::>'J,Jfj~]!JTCl l , UUOU-JV -~ 33 

S91 L.. ,;.,_.JJjL; -.!l/5,)[J+J2 ,uuuU'lU ., 
(.j 1 i . ~i,J,i:j·J•) - • 11 /6.~0 ... J2 • :JiJUU'JU 4.:·~.,, 

41 12 ,;;·_1:J:Jci -.l176i]t.J-t-~2 ,UuuCJIJ ---i 
I.> ,;"'.JO.JJO -.1176·J1J+1J2 ,OUIJJ!)U ,,2 

~ • r .. :;.i.J.J~' - • 11 /6JJ+ll2 

f;i3 't • ;~dddJI) - ' I u ... u • :..:l10J.JU I c 
15 ,:;JdJuG+J, -.~;sclCGLl+Ul ,001.iJ•JJ 144 . 

. ' 1.,-
·------·1 . 

! 48 
---------~-----;'!JD. 

I 52 
----~--------. 

! !~; 
----------------·--------' 

~ 

'.~J4i~~ .>C.Lr ,•,_ 1 ~'"T I' ,\j I a.-1,.' Jd•L.<-Y ltl:;LL'.1£.J I :n'.JT .. t :...uAu vn: fJRSU~Ei'it.F01{r;r,floN All ALYS Is co~iH:'.NcES 
I 

:::~ 
.... • .............. !iii. f: • "' ............ ·-=·_,•,.----------------------------· 

53, :r:::::;·~LT':) i.lf l.iCrq,;1;:.:d.\L A~IAL1-S-1s 

1 -~:~··························· 55f--- ------------
' ' 
i ! fr.) 

57 r 

I 
!.'<If 

_____ i~ 
I 

,. l -----------._---·-"'ii---. ~...:::;-:;-=-
·- -.-:==-~ f..) 

O'\ 
0 



"!: ·~ ~ i 

it 

~1 

- .:: !­

' 

.; ... 

' ' I . 

' - i ,· ~ 
l 

. I 

.: ... ! 

i 
'.: l 
~'} 

; ::, i·· 

:: t 

I 
r· I .<. --··-

, i 

Ell,. ENT 
1 

2 

J 

4 

c; 

6 

7 

SECTION 
254·•146. 

H 
?59.t-

254. •146. 259.,., 

254.•146. 259 .... 

254· •146· 259.,., 

254.•146. 259.~ 

254· •146· 259.!'t 

2511· •t 46. .259.!lo 

8 

<~-----------------> 

··················~· . • 
• 

! 

--···- - ........ . • 
• ••••••••• 

• 
- ! 

! 
! . 

B 
147.J 

147~ "! 

1111.'.'I 

147.3 

147.3 

1•n.:1 

• 
··-- -·-- ···-· • 

v 

• .. • • 
• • ...... 

--->• •<---n ... 
,,. . 
• * 
• • 
• • 
• • • • 

! 
! 
! 

. ! 
! H 

. ! 
! 

! 

. ! 
••••••••• ••••••••• ! 
• .• ! 

• • 
···~·············~·· .. v 

A 
! ..... . 

_ ! . T2 .. 

T1 
7.3 

7.J 

7.3 

1.1 

··1.J. 

7.3 

T2 
12.1 

12~7. 

12.1 

12.7 

12.7 

12 .. 1 

A 
5. '5 

5.'5 

5.5 

·5.5 

'5.5 

5.5 

l•H.J - --·· 1.3· 12.7 5.5· 

IXX 
65.5 

65.5 

65.5 

65.5 

65.5 

65.5 

65.5 

·1EXX 
505.0 

5n5.o 

5n5.o 

5n5.o 

505.0 

5rt5.0 

51'15.0 

! -· ~ 254. •i46. 259.6. 1•&7.J ---·-7,;3 12.1· 5.5 --65.5 505.0 
• ~ t 

~ . 
-· ! ..., 9 2511. •146· 2"i9.6 1117.J ·------7.3· ··12.1 -- ·:. 5.5 505.0 65.5 

I 

\.:I r--- ---
"·' t _:··.:.: .: 

I .. -- • '-··1 .. ' 
1-···· 
' I 

t,\ i ' 

251l.•146. 259.t- --141.:;---·--·1.3·-·-··12.1 - -· 5.5 

-·s.5 

10 

11 ·- ···- - - 254. •146.· . ·259.-. 147.11 

12 ,'""_ .:.=:-"·254.•146.'·i· 259.,. · 1111.3·- ···-1.J ·· ·· .. 12.1 ----- •r.s 
-J I } ' 1 • 

1 J :·· \ .. :__; 1· 5•. 1-_, ,6. r 259.~-- · 10. '.'I·-· ---1 .. ,· :··- 12.1 5~5 
·,~ . -- ··--- I 

7.3 12. i' 

65.5 

65.5 

65.5 

65.5 

505.0 

51'15.0 

505.0 

505.0 

I ····---T-r-~~- ·-=-···-=-·•·- --~·-·· .... -·..--

SECTION PROPERTIES 

ZPXX RXX 
567.7 109.2 

567. 7 109.2 

567.7 1011.2 

567.7 109.2 

567. 7 too.2 

567. 7 1011.? 

567. 7···109.2 -

567.7 109.2 

567.7 109.2 

567.7 109.2 

567.7 10<>.2 

567.7 100.2 

567.7 109.2 

IVY 
6·8 

6 .e 

6.8 

6.8 

6.9 

6.8 

6.8 

6.8 

6.8 

6 ·" 

6.8 

6.8 

6~8 

ZEYY 
92·0 

92. 0 

92.0 

92.0 

92.0 

92.0 

92.0 

92.0 

92.0 

92.0 

92.0 

92.0 

92.0· 

ZPYY 
u1.2 

U!.2 

141.2 

11u.2 

lll'!.2 

1·11! .2 

1111.2 

1111.2 

n1.2 

1u.2 

141.2 

111!.2 

lllt.2 

RYY 
35.1 

3'5.t 

35.1 

35.1 

J5.l 

35.1 

35.1 

35.1 

35.1 

J5.1 

35.1 

35.1 

J5.t 

'°' ,H 



n ?Sti.•146• 25'>.6 1•1.11 

15 254· •146. 25q.e, 147.~ 
; 

e •. 

I 

u\ 
~~;- ~ 

:.r: 

.. 
i 

. .:: ~ . 

I 

· .. ~ i 

::::.i 

I 
Xi 

;· . --.--·---· -·-· ---- ---··· - ·- ··--
! 

. . _\t i 
I 

··--··---------·-·-- --------- ___________ ,. __ 
,, !-

$' 1-·-·-

I 
":I>! 

1.3 

1.1 

12.7 5.5 65.5 5ns.o 

12.7 "'·o; 65.5 505.0 

···························~· co,KENCE OEfOR"ATlON ANALYSIS 
••••••••••••••••••••••••••••• 

_ ... _ .. _______ . --· .. ___ ··--·- -· ..... _ - ---··· ·---.. ·----------
-~ ~----

l) 

~. 
? . --
' ~1 - , . 

. ! 

>'. 

567.7 1oq.2 

567.7 100~2 

6.'I 

6~8 

92.0 

92.o 

14t.2 

ns.2 
35.t 

35.t 

°' N 



.. CD 
---·-··;-

I I 
I 

I 
: ! 

I : I I I 
I ' 

I i 
I I 

' 
I I 
I 

i I I ' I I 
; I j 
I I i ' I 

; I i 

' ' 
\ -

I I i 0 
I I -

I 

! 
':!:: 

! ~ I i I I e i 
' ' 

... 
: ' .... 

' I>-: ' 
I 

' 

f ' ' -PJ 
' ; .... 

I 
I :i 

' I'! 
I 

: .... 
i ~ ; 

I I zl -N- N.., N- ... .,, 
- N "IN -N - ~ ! :: I 0 bo oo oo 00 Jo 0 loo b ::> :>' 

i I I I I I I I I I I I I I I I I _., ..... - JI 0 -~ - ::i .,, - :r -4 ... -.0 .II 

I I <I .., 
"" 0- "" co ,, :r .., - :r "' 

... ,,. ~ ..,.., ... -cc .. , <ti N N.., :r ... .., N N <C JI cc - ... 
! I 0 Ill !.-. "' 

... .., 
"'"' 

,,. ,. 
r-.. '"" 

.., .... "' .., JI lo: 
~ - «I.., ,,..,. "' - -,,. .., :0 --- I-. . . . . . . . . . . . 

I I I I I I I I I ~ I VI 

_.1 ::i 
..:; ., 

~ ~I 
:> ... tfl 
..J : w ._, .., - --__ .., -----.., u - ~ '!) 0 ::>O •c:l ::i :> :>a ::io, ':;) ~ !>-- _, I I I I I I I I I I ·1 I I 0 .,, ... u 0 N :r NI/I ClO ::'- 0 ,, e- "' "' "'l N"' ~ 

"' I< .. ... ON e) ... '° ... "' ""0 ::::t ... ~ ... :J "' 0 
::! ..J ~ :> N "° JI •II ""' -~ :l 'N ~ J'I ., r N :J 

~ JI 0 t. 0 ,, '° - :r ,,.. :r ,., '.') :r 0- -- "' -.. :l - :: "' 0 -N -0 ... lll N ..,0 N Lii ... .,, 
" - ::i 

~ - . . . . . . . . . . . . . . . . ~ 

-1 .. ::l I I I I I I I I I I I I I I-

~1 
< ...J ~ 

u <t ~ 
:~ 2. I-
') ;, "' ~ - .. ,, ~ 

u ... - --- - N ..0 N- ---- ',_ ~ :J 00 00 co 0 0;:) ,".) c. 1::1 :> z 
,') ...J 

, . , r I I I I I I I I· I I .... 
" 0 0 ~"" -,,. 0 Cl " .J 

... N ln N 111 _, ~ 

::- ~~ n :r .... 0.., i, N - ,, ~o ""' (,j 
.... ,.. h 

...J ,, 
~ - LI\ -c ,,. .,. :;- ,.. ,,. .:> - -~ - ~ 

0 •:> >) ::i- .'I) :r ,. ,.. .'::) .:> ... 0- .. -0 I>-.,,:> 
<:, oz- .., " "' _,.. VI c. ,,,,, - "'"'..., -- ~ . . . . . . . . . . . . . . . . 

I I I I I I 

"" .. 
-

.. r -- N·n 
.. 

I -"'.., ~ L" -0 .... 
Cl "" 

h..;. , ... "' , ... "' - -- '- - :.. 

I I ::> 
0 
~ 

I 
I 

I 

I If\ J -
i 

'.") r-. '< 

I 
... '"' ~ 

-::: 
w ... ... 
.... 
I ;,, 

I 
c 

" 
j ,... , 

~ 
·µ 

I " .. 
.J -ti 
" I! 

"( • c .. 
0 liL Fl 

I 

,., .., .., ..,,., .., .., .., .., .., 
oc 0 O •:> C 0 0 00 
+ + ++++~+ + + 
NN N "'"' N N"" NN 
I>- 0- ~:.t.~1-~ 0- ,,. 

--"'" 
:r :r :r :r :r :r :r :r :r - --- -- ----. . . . . . . . . . 

N - ("\,,:,..,,. N - N -0 -N 
pooooo 00 00 

I>+++~+ + I + + -"'i;'"' ...... 0- ,,. :r \11 

~ D JI 0 
0 -0 o,.. 

0- 1 ... "" :r .., "' - .., :r 
- ...0 e': ~ ("'> N -

,,. :r 
.. n ...., ... .., ...., :o ,,. .... D to'J . . . . . . . . . . 

I I I I I I 

i'i.., .., .... 
~~ 

.., .., "".., 
~ .::. :.!.; ::i 
i.. + + + + + + + + + 
l'1 N N N "'N N N NN 
Ii>- ,,. i:'- 0- ,,. "" """" 

,. ,,,. 
1-o - -- -- ----Ir :r ~~ ~ ::- :r :r :r "" 
I- - ---- -- ... -. . . . . . . . . ~ 

In "' - "' "'"' 
_.., N-

be :.) c ::>"' .'J 0 00 
I + + + + .. + I + + 
" - ' - ~~ ... :r ,,. ,_-
h- ~ ':' _, ... 

0"' ':J ., 
~ ... '.., "',,. .... ,, "' ..... ~ -~ - .:;) 

.,, .. ,. "' " ,. 
l'I ~ ·' .., .., ,., Q :r ,,. .,, . . . . . . . . . 
I I I I 

r'< N NC ,_ N N 2' "- N 
':! ".> t:> =' b~ b~ '='o 
I+ + + + + + + I + + 

~ 
0 

l:l '"" 
p. .., N -o ~ r"1 

:r l:l,,, h.,, N..- N"' 
"" ... i,r. _.,, p .0 p "' """..:"\ "'"' r'I <"'> fO -

.., .., 
.... N ~ t' 1:- - . N c- kN-. . . . . . . . . . 

I I I I I I 

!'< N "'N "' " NN '"' IC) "'7'; 0 .J •::> ~ ': 0 r.;i • + + + • + • + 
b ,.. ., ' .,, ' - ... .., 
~ ':> :::> ~' 

,.. ~ t> ... 
1-. •.:') ' ~ !'I·~ "' .- ... :o 
ii= 

., ";,, " " ·l"' 
N " --"' "',.. "'"' . . . . . . . . 

~ . I I I I I I I I I 

- "' ~ ~ ·(I ... Cl ~ f'.J -

.., .., 
00 
+ + 
NN 
0- ,,. --:r :r --. . 
"'"' 00 
+ + 
·JI -
JI :r .,, .., 
,, '° .., .., . . 

.., .., 
~ :..;. 
+ + 

"'"' ,.. r::---:r :r --. . 

"'"' :l '.:' 
+ + 
t.n ... " ,...., .._,., 
2' ,,, 
r ~ 
~,.. . . 
I I 

... 0 
b =' 
+ + 

I>- -br-

-"' MN ........ . . 
I 

"N b Cl 
+ + ... -.,, -~ 

!'. :1" 

' --. . 
I I 

- "' --

63. 

ITT 

""..,.., 
000 
+ + + 
NNN 
0- 0- I>--- -:r :r :r ---. . . 

- N '°"' coo 
+ + I 

"'"'"' p. - r-, 
"' '° :r --o N 
II'° " . . . 
I I I 

.., ..,,., 
:::> = .::i 
+ + + 
NNN 
,.. "" 0-
t..-i-. 
,. :r ~ 

""-"" . . . 

N-N 
0 0 ci 
+ + + 
- 0- N 

::- "' -r'I"' -<. 

"" - .:;) 

"'·n " . . . 
I 

NNN 
":>ob 
+ + + 
b '::'N 
tc 7 N 
I>- ... "' l:'\i i.,.f') i..... 
i.-. Ni-. . . 

I 

NNN 
::i nb' 
~ + i.-
'<> .. ~ 
I:> 0 u- -e 
" ·l NN . . 
I I 

h,.,. ... -

., 
i;.-. 
I 

11 ... 

;; ...... :a 
! } 

, • 
0 ! ... -. :; . "' • 0 
:?: • < 
'.) . 0 - . ..J - . 
.J • Ill 

" • z 
J .. -... . ~ ... x 
D • 0 

• ,: 

" • u • ..... 
'= • "" ... • - • • 
~ • • 

Iii , II 
i , . ' 

ILL __ 
Lf ~ 

~D 
I 

'I 

-~.J 

-0 
I 

::> 
0 
0 
a 
0 
<:>-. 
.. 
.., 
..; 
,:; -l'".n 
JI -
':E:. 

"' ... 
a.. 

-0 
I -. . .,. 
-.,, 
:r . 
I 

VI -
z 
c -!< ... 
u 
u.; 

J .J - ... ' ,... ,., 



I I I I I ! 

( 41 
I 

I I I 
I 

I . , 
..•. 

I I I ! I ' 

I I I ! ! 
I 

I 

I I 

I 
I 

I I 
I I I I I 

i 
I 

I · 1 I ' 

I 
I I 

I 
I 

I 

I 

I 

' 

' 
, 

- - -:::' 0 C'l 
I I I 
:J ':J .:> 
0 0 0 
~ 0 0 
~ 0 0 
•:J 0 Cl 
a- 0- Co . . . 
.. .. .. 
"" w \u 
..J ...; _, .. 
.n Q I]'.) - ... -::1 VI lft 
V'I V'I VI - ... .... 
:;: 4 2: I .x !I:: . -
:..J .LI ,._, 

I 
l.. ~ c.. I 

-

,. 

- - ,.., 
0 0 0 
I I I 

a- ~" . 
,., 

:r C..'1 N 

"" "" N 
·.t· c. t'-
:r ::r ·l) ,... 

"' -. . . 
I I 

Vl VI 1/1 ... - -
:? <: z 
:::> :::> :::> ... - -.'I .... NI- J'l .... 
v -u -v 
UJ u .... 

w ..J :.iJ ..J W..J 
hi.. oi.. 0 !...· 

'.'.j '"" 
:::>W :::> w -- ..... ~c ~o 

.. 

c c ., ... ):: .. ... c 



~. ; 

t• i 
't· 
I 

.1•: 

HtSULT~ AFTER 2 ITERATIONS 

NODf 

1 
2 
3 
4 

SOLUTIO~ AT FACTORED LOADS 

Dir 

.OIJ,,00 

NODE DISPLACE~ENTS 
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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 

vk 

{pk} = ~ A.l 

~ 

where Vk, ~ are respectively the applied loads in the global x and 

y direct:bns, and ~p is the applied moment, anticlockwise positive. 

The displacement vector {uk} at the kth node is 

= A.2 

where uk, vk, are respectively the displacement in the global x and y 

directions, and ek is the rotation, anticlockwise positive. 



The deformations of an element connected at nodes j and k 

are given by the generalized element strain vector {ojk} 

ojk 

yjk 

78. 

{ojkl = A.3 
ajk 

akj 

where ojk is the extension in the direction -+ 
jk 

yjk is .the transverse d~splacement normal to 
-+ 
jk 

ejk is the rotational strain at the jth end of the element 

akj is the rotational strain at the kth end _of the element 

The strain quantities are shown in Figure A.l 

Figure A.l 



= 

where [Bjk] is the element deformation matrix. 

- Cos cj> - Sin cj> 

+ Sin cj> - Cos <I> 

= 
0 0 

0 0 

0 

0 

1 

0 

I 
I 

·I 
I 
I 
I 
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A.4 

Cos cj> Sin </> 0 

- Sin cj> Cos cj> 0 

0 0 0 

0 0 1 

A.5 

-+ 
where <I> is the angle between the global x axis and the direction jk, 

anticlockwise positive. 

The internal forces in element jk are 

Njk 

{Njk} = 
sjk 

A.6 
M. 

J 

~ 

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 = ±Mp. The relation between 

the. elastic component of curvature Ke and bending moment M is 

= M 
EI I 

A. 7 

where EI is the flexural rigidity. 

is entirely elastic,·· so that 

It is assumed that axial behaviour 

e: = N 
AE I 

A.8 

where e: is the axial strain, AE is the axial rigidity, and the relation 

holds for all values of the axial force N. 

neglected. 

Shear deformation is 

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, 
p we define a plastic strain vector {ojk} for the element jk, 

0 

0 . p 
A.9 {ojk} = 

e~k 

ekj 

where o~k' o~j 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 may write 

= A.10 

where [sjk] is the element stiffness matrix given by 

AE 
0 0 0 -

JI. 

0 
l2EI 6EI - 6EI - --

[sjk] 
JI. 3 Jl.2 R,2 

A.ll = 

0 
6EI 4EI 2EI - --

R,2 JI. JI. 

0 
6EI 2EI 4EI 

-2 JI. R, 
R, 

At potential plastic hinges we have 
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aeP > o if M= +M p 

89p = 0 if - M < M < M A.12 p- - p 

aeP < 0 if M = - M p 

The node load and displacement vectors are assembled into 

global load and displacement vectors as defined below; 

{P.} 
J. 

{P} = {P.} 
J 

A.13 

.... 
{P 

n 
} 

and 

{u.} 
J. 

{u} = {u.} A.14 
J 

.... 
{u } 

n 

where n is the number of nodes. 

Similarly, we define global strain, plastic strain and internal 

force vectors; 
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{o.} {o~} {N.} 
l. l. l. 

{o} = { oj} , {oP} = { 01:'} {N} = {N.} A.15 
J J 

{ 0 } m 
{ oP} 

m 
{N } 

m 

where m is the number of elements. 

Global deformation and system matrices [B] and [s] are 

also defined. These matrices are assembled from the element deformation 

and stiffness matrices. 

. {o} = [B]. {u} • A.16 

{N} = A.17 

The form of equations(A.12) impose an incremental approach 

to the solution of the problem. In a generic increment, the vectors 

. {P}, {u}, {o}, {op} 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 {ou}, {A6}, {AoP} and {AN} respectively. The increments are added 

to the previous values, and the process is repeated. Initially the 

structure is unloaded and undeformed, and hence initial values of. {p}, 

{u}, {o} ·{op} 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.l ) is given in terms of {Au} and {Aop} by the least value 

of the functional 
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A.18 

subject to the constraints given in equation (A.12) applied to each 

potential hinge position. Using equation (A.16), U° can be more 
p 

conveniently written as 

T 

= ~ [::~] (K] [::~ ] T {lm} {6P}, A.19 

where 

(B]T(S](B] 
I 

- (B]T[S] I 
I 

(K] = I A.20 •••••••••••••• r • • .••••••••• 
I 

- (s] (B] 
I 

[s] I 
I 
I 

The internal force increment may then be recovered from the incremental 

form of equation (A.17) 

A.21 



Algorithm for the minimisation of u° 
p 

85. 

The following algorithm for finding the least value of U° 
p 

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 = ± M will deform plastically or not, the constraints imposed on 
p 

the minimisation fall away. The least value of the functional is 

given by 

(){flu} = 
au0 

p 

which can be written as 

(K] 

= 0 ' A.22 

= A.23 

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 o~t below. For proportional 

loading, the load vector 6P may be assigned an arbitrarily chosen 

magnitude. 

Step 0. For all hinge locations for which M = ± M , assume ll6p ~ o. 
p 

Step 1. Eliminate rows and columns of [K] corresponding to all elements 

of {flop} for which 68P is zero because - M 
p 

lleP has been assumed zero. 

< M < M or because p 

Step 2. Invert [K] and solve equation (A.23) for {flu}, {lloP}. 

·{AN} from equation (A.21). 

Determine 
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Step 3. Check all hinge locations for which M = ± M • 

If A0p > 0 

J 
p 

for M= + M 

A0p < 0 
p 

if it was assumed that Mp /: o, for M = - M p 
6.M < 0 for M= + M 

J if AeP p it was assumed that = o, 
6.M > 0 for M = - M p 

go to step 4. 

However, if it was assumed that 6.eP /: o at any hinge and 

A0p < O, M = + Mp ] 

80p· > q, M = - M assume 6.eP = O at that hinge, 
p 

and if it was assumed that AeP = o at any hinge and 

6.M > o, 
6.M < o, 

M = 

M = 

Return to Step 1. 

assume that 6.eP /: o. 

Step 4. Choose the magnitude of AP by the condition that, among the 

hinge locatio~s for which IMl<Mp, one location will have 

IMI = M while IMI < M for all others. 
p - p 

Step 5. Update {P}, {u}, {op}, {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). 
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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.l]. 

The essential difference from incremental analysis is that the 

bilinear elastic, perfectly plastic moment-curvature relation (Figure B.l) 

is assumed to be reversible 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. 

Mp - -- - - - - - -,---------

K 

. -- - - . -... -"'" 

Figure B.l 

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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9P > 0 if M = + M I p 

9P = 0 if - M < M < M I B.l 
p p 

9P < 0 if M = - M . p 

It is no longer necessary to c9nsider 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 deformatiop theory solution is given by the least value 

of the functional 

u° 
p = E 

hinges 

subject to the constraints of equations B.l. 

are given directly by 

. {N} = [s J([B]{u} - {8P}) • 
e 

T - {u} {p}, 

B.2 

The internal forces 

B.3 

form. 

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

We write, at any one hinge, 

where 

M lePI p 

A = 

A = 

A = 

= 

+ 1 

0 

- 1 

p 
M • 9 • A p . 

if M 

if - M p 

= 

if M = 

B.4 

+ M 
p 

< M < M B.5 
p 

- M p 
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Thus for each element ki, we define 

0 

,.. 0 

{M}ki = B.6 

Aki Mp 

AikMp 

For the entire structure, 

" {M,} 
l. 

.... 
{M} = . {Mj} B. 7 

{M } 
m 

where m is the number of elements of the structure. 

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

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 U°, with variables {u} and {oP}, subject 
p 

to the constrainsts of equation B.5. 



The Algorithm for the Minimization of U° 
p 

90. 

Since {op} is discontinuous when lopl > O, simply setting 

aU° 
p = O and solving the resulting set of simultaneous equations 

is inadmissible. 

This problem may be circumvented by assuming some value for A 

(Equatio~s B.5), taking the partial derivatives (now continuous because 

the signum function has been eliminated) and solving the resulting 

system of simultaneous equations for {u} and {oP}. A check on the 

correctness of the assumed A's is then required. 

Thus, regarding {M} as known, the conditions for U° to be a 
p 

minimum is: 

(K] [•· ~:1.! ·] {oP} 
= [ .~:!.] - {M} 

B.9 

In solving equation B.9 for {u} and {oP}, all terms associated 

with elements of. {u} 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 in the 

iterative process set out below: 

l. Set all plastic hinge rotations to zero and solve equation B.9. 

This yields an elastic solution. 

2. Consider each element and: if 

or 

M M and eP > o 
p 

- M < M < M and eP = 0 
p p 

B .• 10 

or M = - M and eP < 0 
p 

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 > M and eP = O; assume eP = O and set A = l p 
B.11 

M < - M and eP = O; assume eP = O and set A = - l p 

Alternatively, if at any member end: 

A = + l and eP < O; set eP = 0 
B.12 

A = - l and eP > O; set eP = 0 

3. Solve equation B.9 with the assigned values of a included, and 
. p 

determine {u}, {6 }. Obtain the member end moments using 

equations B.3, and return to Step 2. 

Baggett, Martin and Reddy[B.l] 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. 
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APPENDIX C 

ADPF - Program Listing 

3 
PL ASL,,_ 4 0 PF I 1 I • MA I N 

5 1 COMPILER I Xll=J I 
2 c (j •'!ft 0 /EJITlH·~I 15719§1 
3 c ..•...•...... , ......... .. c CONTt-1 11.,L IJ.lli '.J<J!3[HJL1 TI iJE 

9 s c ••••••••••••••••••••••• 
6 CuMMO;;JliLK I /;jll\H:l-'o'JCiJLP·:.PI ?1,'>l .NC",Nf)l~.111731.,,,711. 

11 7 #N[•IPFLTSl2l•'+•2l1PSTRN(~J,41,STHNl2J 1 ~)•~TRSl23•~1, 
a # i~ ti i1 A • , s 1 G 1 ., 3 , 11 1 • N £ L T c::. , L i> • 111 H • M , 1 s 1 Q e , i'I A x , 

3 9 11 •'lb :V • ~J . I • E • E p • A E • E l • y s TR s • Nd£ A r1 ( 2 3 • 2 ) • c 0 u R iJ x I 2 3 , • 
1 3 II c (J 0 RD'( I 2) I •• LL EN I 2 3 I • s EI T I ' ., I ~ r F' I T I 2 J l • :J !l F'. A • N n ~ c:; • 

15 11 tJ ii d ~~ S • '; D Fu.~ A , l iJ C I 7 3 I , t. 1 • ti :i , I I d C I 3 l •PP I 1 0 , 7 J ·1 • i< I. A Ii I) A I 1 0 I • 
12 ff p ... p I J l • l~i... I ~ l • '!IL n A[) ( I r .• 7 3 I • {) IT ' 7 3 I • ll E 1 • r Ac T • s I '1 .... Ii ' • 

17 13 #Ul23•~16l1BT5123•b•'lltSTSUl6•6l•UELl~l•ALPHAl2J•21• 
l '1 If i..) s T !~ N r 'J ' .. I 'ups T KI~ I 2 3 • q , '0 s TH t; ( 2 '( ... I • I• EI f I a 8 • " I • n II I 7 :\I • 

!9 lS # iJ P I 7 ~ 1 • I~ Ii 11~ , I I> UM • P l I 7 3 I , l·i S • i J ti S • E i... I 2 3 I , il C l I 2 3 I • I P ti ASE • 
16 #]M0F'J(, IDtJMI L n I" d Sf. , c; P I 'I? , ? n ' , 7 P I ? 3 , 2 I • Ir Ou NT f , 1 • ., ' • 

21 17 u I i::. N IJ I ;; 3 l • ·~LC • i~ ~EC 
18 C 0 MM o: d H L K '.l I 1 [1 P 1 l SH 0 i~ T • 11 i.\ lj -

23 19 lPHASf:u 
20 NF=J 

UI 21 c ••••••••••••••••••••••••• 
21 c READ I :~ A NiJ lHSpL1\Y DATA 

IZ7 23 c ••••••••••••••••••••••••• 
2~ Ci.LL 1;AT A 

29 2S c ••••••••••••••••••••••••••••••••••••••••• 
26 c IF 0 E F u R 11 AT I IJ r~ Al~ALY!:i IS Al O•JE TS REJUIRi:'ll 

<... l1 27 c 1 NCHt:i1ENT AL ANALYSIS IS 0111 TT ED 
26 c ••••••••••••••••••••••••••••••••••••••••• 

33 29 lH IdP.E~el I CALL CONTRL 

' 30 c •••••••••••••••••••••••••••••••••• 
85 Jl c SE.T Ur' ELEME1H STJFFIJESS MATRICES. 

3;.? c •••••••••••••••••••••••••••••••••• 
17 ·33 CALL i:LTMAT 

3~ LP=a 
38 3::; NC.LTS:O 

36 l'lt3=N1L•A 
41 37 11=1JDF 

33 c ··············$················ 
39 c AOD I ·1 PKOPIJkT I OIJl\l. LOAD VEcTofi 
.. J c ••••••••••••••••••••••••••••••• 

45 If l iJO 3 1 = l • NDF 
lf2 3 RKI I •.•al=PPILP11 I 

47 '+J c •••••••••••••••••••••••••••••••••••e•••••• .... c ::OOLVF. TH£ EXTENOt::D SYSTE:M STlFFNlSS MATlltX 
I 48 'f 5 c FOH U I SPLACH1EilTS AND PLASTIC IWTATIUNS 

lf6 c •••••••••••••••••••••••••••••••••••••••••• 
51 'f7. q CALL SOLVE 

'I .:) c ••••••••••••••••••••••••••••••••••••• 
53 'i 'I c l>t.TEhr<INE SH<AINS 1\ 1~D lllTER;J•'L; Fu~CES 

so c ·····~······························· S5 !> l 1 CALL c; TR5 TR 
52 I r I tJ £ L T S • E Q • J I Gil TO 'f 

57 SJ CALL ITCH 
S•t c.u TO l 
SS ENO .• 

\. 01 -
-. 

03 

( -
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3 '--;•"(-;-;:.-·i·-.-,'"', :-,..,,,,.,~.,.,..,1,._,..1-• ...,,.,..>..,11""r,...·.,.\------------------------------------- -·-·------- --- ---------

5 

.::u IP (I I." ( \' -= ·') 
------ ~- ·-----------:..-v-.-;-,~·;Jlfl.·TI~ .. I:\ i ·~\ ·-- ----------------------

cc. .. -..-,.; IL~ I /;\r. ( 1 •,7 • 'J.J I 
------------------------------~·--...... ,, ........ , ........... e •• c 

C 11L,,11 '.> '•. 1 i: '-' I _, i · t. -~ Y ~. '.J .1 TA --------------:=--------------- ---- ·--c ......................... . ----------------- --·----------------
~ v r' ;tu . I:; L ;~ 1 / ·J ... ~J i.J • •j C ;, LP , ~., P ( '.13 , 2 J , 1~ r , ;·~ fj F , ;J c 7 J I , ,, ( 7 J > , 

4,11_ •Ir',: I. I':, ( ~ J • •,•;,I• ''Sf Fl•I I.· :l • -1 I,!> T ,, Ii t 1...; ;·-'-.t-'l-,-~"'--=r"'r'0-'-:>-'l-'2-J-,-,-,-=-,-','----------------­
~ 1·Jt1 .~,. i JiiJ(.?3•·:) ,_:J1.L.T:~·LP,:J1i,:1, I~TCJl11i·1..\i., 

u ,.~./ 'IJ . 't:.. ~ 1'. ;'\-:-;r-1 t.YS r:1s t lj:>i-':·,,., ( ,L .. i. 2) '(llJ1(:lA-( i.J,' 

,------------"_C':_._'J1J1llJ l ( .!J l • i:L .. L ! I') J l • S:O:L f I;> 1 l, CLI. T ( 2J l ••;:ii A• :,tlF'~.,.'--,----------------­
,1.11 •'> •. 'Jf ,, 1,•, ,Ti-::(TIT;--;-T~11;c < .j~l~J;"/j"j'~ 1<L~:1-L>1111..il • 
:1 I' I':· I _; I • ,, L I J ) • 'L . ~ :, 'J ( i _j • 7 'j l • D. J T ( 7 J l • : J L r • F ·' ( r • s I 7 J • ·1 • 't I • 
~'''-J' Ith) ,:~T:J!:?J•C-•·tJ •~jf~1J(,~•6) tlJ~L(u) 1f.Lt".i."..(2J12J• 
u u:. r 111-; 1 .1 .1 • -1 1 , .J. · :; T "'' < .! J , 'f 1 • .> s r ,, ::; 1 2. J , •1 1 , ·.• c Lr 1 d :i • 'I 1 , I) u c 1J1 , 

~'"11'(/J,, . .:.1i,,,1 ... t;,,r'!'/3111::-..• l•S--i•(.;,12_,1 •. :EIC2J>,IPJiAS[t 
u l 1 i iJ r :.i , l il V I I , l, 1 (.:I :; l • ,; t' ( '12 , 2 U l 1 l ;> C ;;> J , 2 J , I'- U j :~ T I 2 J, l I t 

ldL"UI /J) •olLC•.-'.JLC 

CUil:JL}. /di..:: 21<. "r•1't( I J. 2.l. ~I. r~l'FLf ;, I ?'JI.: C<JL 1_.:_l:__u=.'.:.'..:.':..,,.------------------
1------------~---,-,-... ~,-.-1~1~2~_.'"1-. ~c-, -, -, ~2-.i > • ;> ,_ l ~a J • lJ u"' c H ,; I ') j • ? J • ,) . I ( ;.! J J • i~ 11 :1 I 2 3 ) • 

ii..> i11' I l • l .. 1 E r ol ii ;J I I u • 2 .l I 
t. th-1:1 J ·,Id LI~~ I~ :_;..~_;,l,...:(~/....;,_;..:,:...:;,2_:U-'T") -----------------------------------

C 'J ,,, i·l U · / i!i.. I\ :l /Jr P I I ~· • 7 J I • M. F {;.1 d I '? 0 , 3 I , d C ti !J • :-1 CH o U EF' C It I 2 (), 3 l 
l------.-,---------..,,-_L.u:1;1u.- /1IL:<YI I ;,>,I~ lt)'<T •I 'I AB 

U i .-1 E'l'l , I 0: I <·I P ;; I ? '.) l • 5 5 I-' 0 f 2 LI I • I C f I i:i l 
"t."L 1,.> 1 i"lr''ll 
IH=:J 
1·l>1 ~=O 

I~ l'\"i = LJ 
I Gu I· UrttlA r II 

c ••••••••••••••••• 
C ,o/\ I :i ·it:Au1..:< I JI LI. 

c ·······~········· 
~·" I; II '? ..11 . 

9J I fuoll1A'r f 11·1; o ////, 111 , •16>., :;J f •••Io/ o l•I , 'I(,;(, 1 
• '_•:..::3.,:1,....(~,------------------

~ I • ' • I • ! 1 I I 't I> i • •• ' • ! x ' f A J TI);.).~ I J. c u E::; I \1 t.J A!~ l) A !1 AL y :> I ~ ' I 

u ! x ' ' • t • I • l If • 1f :., x ' •• ' ' 'J x • I 0 F p L A 1'4 [ F :? ,., ~~ [ s ' • 7 x • ' 0 ' • I • 
·' I h • 'i I· .( • ' .. ' • 3 l ·' •••• ' I • J it t 't b A • ' • ' • l [ /t. • ' p • u • t, .~ I f" F I ;i ' • 
u '} X • t • • , I • 111 .-1 1

..: • ' • • • 3 ~. , • ll L • T ; 0 F C l 11 11. L ~' G Li EE R 1 "< G' t 

tliX•••••l•ld •. , . .J .. ~··;•,qx,•lJ!··t·J,.1\SJIY vf. Ci\PE i0:1!l'•'*X• 

:;, ' • ' ' I t I JI ' 
1
• l :~ • ' " ' • J : .~ ••• ' ' I ' 1 .1 ' ~ 6 x ' ' • ' I .1 1 x • ' • ' • ..,1-· .,_-~--,.---,,....,----------­

r-----......---------,,r,;~ 111,.._-,.,,,..-,-."',.-,--.--,,,-,,r-,,. il,-A~-, t\J;;--rv;;c- I l IJ 6 L X CC 1-1 1 0 '..>A O 1 • ·r;--/fTiTO 'I,)( O ' ~ ' • l I A, I 
II'•' , /, J II , 
,.. ·r J (\ , .J " ' .. 1 , , , r; I 14 • ·t J.i A , J .i ( t • t ) t /', l •I , 4 6 X , ' f' , ( X • 
It 'J ll 13 'C: SC :111' I I .J ,; : ' • I J" , • • ' , I , J I I H , 'I /-. .: , • • ' •JI X , 
.• ... • I ' • 1 r1 ,-, .. !,, .~ -. ,- ••• J )\ • r;,r,-. ~,re...:..~ • ...:.-.-,...:.-. -.-.-~uT_,~-T1.-,r1 ~:-.-.-.-.-.-.-.-.-.=-w·-.----------.;_--
l: / 1 l tf ,·1t.J:,J.1l•••l1///I 

1-----:r-:---------,,.,..,.,,,..1..-.N~ I I iJ I 

1:i1 fv.i11.:.1c1111.'l~d•• 1J<1IT~ 

'"'''' 
!: I 1. u i J t: :q O rl'.i A' JI) ;-1 I: T kl S 1 • I • '1 l X • Jr d t • 1 I 

,.:;_-=-_:___~---~-~--

c .......... . 
\,. v.,_,,1 f ll'Ul-

C • "• • • • • • • • 
f\r_h'-J 1.JLJ,,,Jt,.j.·,···· ;CvLt'·li'.lt.:..(.. I.t1'. r~JHUl<T• 1 r..;ij 
ti t. '' lJ I ;,J Li • j t: o l I t . IL C • C • ;,, l 1 [. I • '( ', f I? :i 

1-----,,---------.,,,.,,,._--..,., ~u,.....,.i.,..,., __,,..,,,.,.,-.,-. ..-,,....-. L.4-r:;-;~ l l J , I = J , · 11 .. t ) 
H l AD I ~, ,; • I ( Fri L ,: : 1 f IL l • C.11 l c I r· l l • 11:. = I , 1l f' I 

L..1llJ I• VI H .. t ( .. ~r,- •. -,:.:l t1Jl..,.J 

KCAO 1Jllot1c.;,,t;,..rfl,,,;l•J=lt?l,l=Joill~l 
!--~~~~~~-~~---~--------~ 
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·.~ 

3 
6:J HE.AD 1 ri a. 1 r·w i.J 1 1 U• IE= 1 • ti E 1 

5 t. 1 If I I u i'. 1·1 E, I I Gu TO 102 
62 00 I '1 '> I I'": I • "4 f" 

63 !OJ tlPU I I Fl =u 
b~ c ••••••••••••••••••••••••t••••e•••••••••!!I -·~·-·· 

9 65 c CALCULATES Lt: 11 TH S • C 0 5 i S l r~ • f0r~ E 14 C rl ;·10ISEH 
66 c ·························••1••·······•••!• ' - -~----
67 102 lit. A 0 I u U • I I CI.) 0 '~ 0 X I I I • C 0 0 R IJ Y I l l I • I = 1 • N N I 11 
6 ti [) 0 I I"> I= I , r.1c 

3 69 JA=ICIJJ 
70 II Z ICDLIIAl=IClll ·---

15 7 1 00 1 I I IK=leNE 
7:Z. i)U I I I I= I I 2 

17 73 MPI IK, I l=MPDI IK) 
7 1f lt'=tlb•-AMC IK • l) 

:e 75 JQ=NeFAMI 1Ke21 
76 t. LL E rJ ' I K ) =SQ tH I I C 0 0 tW X I IP I - ,.. On RD:.: I T 'l I 1 • • 2 • + 

21 77 Id C 0 OR iJ Y I IP I - C 0 fl RUY I I l.I I I • • 2 , ) 
7 i) c E L T I I K I = I c 0 0 1-: :) x ( I Q I - c 0 0 kl D x I I p I ) J • I L t: tJ ( t K 1 

l!3 79 5 t. L T C I K ) = I C 0 v f( D Y I l Q > - C 0 0 R J Y I I ~ I > I E L L E N ( I I( 1 
so 1 l 1 CUNT J :•UE 
81 0 (i 12 J=l eNE 
82 J l =A tl '; 1 tJrJ EA M' I I • I I - '.Hl EA M ( I t 2 1 I 
83 1 F I J 1 , G T , MA X I ti A X = J 1 
8't 12 l F I N ti ,, , LT , MA }( I t-.ldW=MAX 
as Nt>VI: I :.'!3~1+ 11 •l·ff 
86 NLlf:ll.1•Nf 

11 !t7 J l =Nt«:"iL1f'-JlOF' 
aa J:<'.=NCJLP-NBW-1 

S3 !IY i'IF'E:M I tlu CJ 1, J2 J 
90 t~OfA=•;OF+! 

35 91 i~ u F .S = i! D F' - l 
92 NtlnA=r'AW+t 
93 1ldv1S:t;U.'11-1 
9't rl!>FB fl.<= tlDF-rHHJS + 1 

39 95 c •••••••••••••• 
96 c iJISPL,,YS OATA 
97 c •••••••••••••• 
98 PRINT 202eNE•NN 

\ C3 99 2U2 FUNMAT(//,t ;HJMOt:R Of ELEME:JTS =•eIS•/• 
100 $. NUtlfiER OF tHJDES =' , I 5 I 

45 .l 01 EE=E/1,EJ ' 102 PRINT 203,EE 
47 103 203 F 0 R 11 A T I I • t ELASTIC MODULUS =••Ell,6til 

1 D'f PK l fH 20'+ 
49 HIS 20'1 f{Jf~MA1l//16X•' CU 0 iW l ~l ATES Of NOUES' •//,! NOOE'•7X•'X 1 •l7X•'Y'J 

106 DU I 7 I=leNN ' 61 107 17 PKINT 2os,1.coJ"uxc11.cooRoy111 
Joa zos fURMArCld , 13, 1X•2I2X•E11 ,6 l) 
109 Pt-<ltJT 206 53 
l 10 206 F0Hi1ATll/,• c: LEM t: N r • • 'Ix , • No o Es • • ax , • L n' G i H • • 
111 111/•lux.•1•,71•-•1,•1•,11 
l I 2 PRINT 207ollielNbEAMll•Jl,J:l,211ELLENIIll•l=l•NE> 
11 J 'l (J 7 F 0 Ii ti A l ( 1 ii , l 'I • l X • 2 I 6 • 't X , t: 1 1 , 6 .~ 57 

11 .. PRINT 208 
1J s 208 Fui-INAT(//,' uou11i.>Arn CO fl I) J TI O!JS . O=FfXIT:r • l=FREEOOM'• . 69 

116 fj // •• ~ODE•,3x,•x•.Jx.•y•,JX,•ROT~TIUN•J 

11 7 uo 67 I=leNl>F ( 61 

118 67 Ii:1CCI1:sl 
119 'I READ l:JQ•NloN2 63 
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3 

12J IF I tJ I I E • ,, I (j 0 T 0 ? 

6 121 REAU JOU• I I !tsCIJl •J=l •NF> 
I?? Ll u 7 l=f'Jf.IJ? 
123 1 Pl\lrJT 2 0 •7 , I • I I I BC I J I o J = 1 • iJ F I 
1 2 ,, 209 FOflMAT(ld t l 3 t '+le• 11•3X •I I. 6Y •It I -9 125 JJ=!JF .. PJl-1> 
12u Il=tJ2-Nl+t --·--

11 127 uo J I=ltll 
128 IJU 3 I:: 1. N~ ---

.3 12'/ JJ=JJ+l 
130 3 ll.lC!JJJ=l lE3CIJI ---

15 131 GU TO " 132 2 f'n 1 rn ?10 
17 llJ 2 11) FuRriAT(//,• LO/ID ING f'ROui<AM;IE!' I 

13't I) u ? I I= I, "11 C 
,9 135 l) 0 21 J=ltNDF 

136 21 Pl"'ilo 11=;1. ·-------
21 137 11< =o 

1 3 i1 9 i~t.AD I nQ t f .I 

23 139 IK=IK+l 

1 "J IF( IJ I E.-11 (,Q T 0 G. -
!5 l .. l P ·~ l NT 220.JJ . 1 .. 2 2 2r, F u R 11 A I ! I I ' LQADitJG• 1 l~I ---

l .. 3 Pt<INT 2 l !) 

1 .. 'f 2 1 ij FURMAT(//,15X•'NODE•o7X tPlltt•IX.t:>Vt 7Y 't!Qr:IE~TO I 
211 1 'tS 19 CONTl;iUE 

l 'f6 HEAD 1nOt1~1.N2 
' )1 l .. 7 lflNl.LE.01 GO TO 9 

1 .. 3 READ J001IPPPIJl•J=l1NFI 
33 l't'll [) 0 1 I I= ;4 1 • N 2 

lSJ 1 1 Pn!NT 2l?tlolPP~IJl.J=ltNFI 
35 1s1 219 F o R i-1 A r 1 l s x , 1 3 • 1 x • 3 1 2 x , E 1 1 • 6 1 1 

152 20 CU•~ TI ;.tUE 
\ l7 153 JJ=NF•!Nl-11 

1 s 'f ' I l = I rJ 7 - N l + 1 I -·-
lSS D(J 16 !=loll 39 

156 DO 16 J= 1 t NF -·-----··--
157 .JJ=JJ+l 41 

ISO P? I I J , J J l =PP I I ,J , J J I +PPP l . t I • .1 L AM 0 A I I ,J l I l Q Q 1 ----
159 16 ,; L 0 A D 1 I J • J J l = ·• L 0 A D I I J , J J > + P r I i J • J J I • 1 (} 0 , 
160 GO TO 19 

45 161 5 CONTlnUE 
162 PRINT Jul 

47 163 303 FUf<MATllH .11;1ox.• SELF WEIGHT IS AUTOMATICALLY' 
16'-f II t INCLUUED INTO THE LOAD VECTORS BEfOf<E DcFORMATION • 

49 16S #'ANALYSIS COMr1E:JCES t) 

166 I F I I i3 i' • ! l E • I • A I JO • I SH 0 RT • E Q • I 1 Pl~ I NT 10<+ 
167 l 0'+ F 0 H i1 A T I I II •////,~OX,3ll'•'l,/1~0X,•RESULTS OF! 
160 il • I NC>-1EME:n AL ANALYSIS'•lt'IQX 1 311'• 1 l,//I 
16? rlCH::O 

51 

53 

170 301 IH.AD I 00 • I 
55 l 7 l IFII.r•~·-11 GO TO 302 

172 NCti::Nc.~+ 1 
57 17J fl£ AD l ;1 , I 0 0 I , 1 • J • DEF C ti I tJ CH t 3 I 

1 7 .. Ot.FCli!NCdt I l=I 
175 iJt.fc111rlCri,21 =J 

-----
176 GO TO 301 

6 1 177 --------·--·--
302 CONTl·JIJE 

11a tJ~HU = o 
63 177 .. 1 1 HEAD I 00 • I 
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1'3~ 

la l 
182 

19 3. 
llH 
HIS 
1 !:l6 'f I ? 

187 
1 9 :3 
189 199 
19;) 
1 9 l 
192 
193 
1 9 ,, 2'f3 

195 
1 '16 Y'l 2 

197 993 
199 
197 212 
2JJ 
2a1 
202 300 
2JJ 
20:+ 

96. 

-~ 

--·-·-------·-·---

I f I r • r· 0 • - I I Gv TU '+I? 
1lCliu=.iCHU+ 1 

KE. A!) ! il • ! Q. J I I l I .1 • l) E. E c jj u 11~ c I~ 11 • 3 • ·- ·--·~·--

l..l [ f CH .J I iJ C 1 I U , l l = I 
u i:. F (" H' I I iJ ("It" • ? I = I ·---Gu TO q 11 
CONT r .. .irE 
.IFI ll3f' 0 IJC:, 11 CiO TO 993 
IOUM:tnQ ------·--
HEAD I :.JD• i~ 1 , N 2 
I f I tJ I • L T I 111 ~J T ll 99? ·--
1?EAO l '.Ju• IC SSf'D I I l •I= 1 • 20 l I 
iJ 0 "} .. . , I=•JI .1J2 
i; () 2'f J J=lo20 
SSI' t I .. I I ='>SPO I JI --· 
bO TO 199 
CALI c:l'}RT 
1 Dllll=r 
I F I I ~ U ~ T • IJ F" 1 • A rJ 0 • I fl P • N r • I 1 o:? I tJ T ?I? ·-
FORr1AT11H •I I • • lNC~OIENTAL A N.~L YS IS OF PL AtlE: FRAME US IN,; BEAH .. 

u. ELE.'·E~jT' o I l 
IFII8p.~E.1.AND,ISHOHT.NEoll pl~ I NT 300 
FORMAT(lH t 111 • S l X • 'C 0 M ~1 E IJ r > r O An rAS!;: I! ti/! 
HETUH:~ 

ENO 

-

-

·--·· 

' 

··--

---·----· 

·-·--· 
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PLASLH•~DPF!l!.SOLVE 

1 ~ C (,.1f' It EI< IXll=31 
2 !:.ldRCJqT I !l£ SOLV~ 

6 

·-··-··-· 
3 C01~MlL.1 /[XT/t<KI 157t98) .. c ·····~····································· 5 c SOLUTION l{QUTltlE . G A U S S - J U f~ D A N HEUUCTION . 9 
6 c ·································•••!_••••!_• ----

11 7 C U 11 M U • J I t3 L K 1 I N IW i'V P • : j C 0 L P , M P I 2 3 , 2 I • fff • i'J D F , U I i 3 I , i' I 7 3 I , 
a llN E. • I Pr: I T 5 I ? ~ • •i • ? I • P' TR N I ? 3 • '' I • <; TH!·! I 2 J....t..1J._LS.J~ J • ~ l 1 

.3 9 It 1·1 iJ •1 A • J S I G I 2 3 • 't I , 1·1 f LT S • LP , 11 a , M , I S 1 UP , 11 AX , 
10 UN~~,Njoi•EPtAE•EltYSTRS,NREAMl23•2l•CQ0~~~12Jt• ------

15 1 1 #C00RUfl231tELLENl2JloSELTl2Jl,CELTl2~~·N!JFAtNDFS• 
12 11rHH'I5 • :i D ff1-"J11 , 1 ti C C7 3 I tlJl oll 2 , I rtH' I 3 I • E P I l J 1 Z 3 I 'R LAM U A I I QI t 

17 13 up pp I 3 I I., L I 3 ) • 1JL 0 A() I 1 u' 7 3 I I 0 'J T ( 7 3 I • DE T IF Ac T 's I 2 3 ''+. 'i i • 
1 'J !li..d23t1~1ol 0BT5123•6•'+1 e8T<>t.ill.t61 o!J[I (6tdll PHAl2Je21 t ---------

:9 15 II[) s TR :~ I 2 3 ' 'I I I I) p s T K 11 I 2 3 ' q I I :) s TR 5 I 2 3 ' 11 I ' i~ EL T I 8 t3 I .. ) ' I) ll I 7 J ) • 
16 u u,... < 1 J 1 , R ~1 1 : J , 1 n 'J 1-1 • P i 1 1 3 1 • i'i s • : ju'" • E A 1 2 :.i 1 • Hr 1 1 _2 J L.t-1 .. E1tA .. ~J:_!. ____ ----·-·-

21 17 UI~OEX,IUJ~1.LuCASloSPl'+2120l•ZPl2312)ilCUUNTl23•ll• 

Id ti It.ND ( ;>31•iJLC11IScC 
23 19 RE.VIN,) 1 ;) 

20 t< £.AD I l :JI 11RK1r,J1. J= i. Nu1·11. 1=1•l"DE1 --· 
?5 21 _J 5 T 0 P = I 5 T 0 p'+ 1 

22 l-IS=M-1 
23 Nu S :IJii-1 

2'+ DO 22 I= I, NDF 
25 IFIJt.lclll.Ei.l.11 GO TO 22 
26 D 0 23 J=i~8-rA •NB 

)1 27 23 R"'ll•Jl=O. 
28 22 CONT I •JUE 

29 DET=l. 
30 I.JO I 1H=l1NDf ---

35 31 l F ( I 1~ • EI~ • tJ D F I Go TO 10 
32 ld=Ii~+-1 

17 33 I i1 i3 =I 11+i·HL'J5 
3 If IFI IHi!.GT.NDFI IBu=NDF ---

39 35 IJCOLL:NBWS 
36 IC=2 

41 37 DU 8 I=llltli3B 
38 ICC= le 

' 43 39 IFINKt It~• IC I .EQ,ul GO TO 20 
'tO F1~CT=r1KI !Ro ICl/RK( IR• 11 

45 If l I F I I R • GE , i~ l> FU ii A l NCOLL=NuFA-1 
If 2 uo 9 ,_I = l • f·J C 0 L L 

47 'i3 NKll•Jl=RKll•Jl-FACT•RKIJRtlCCI 
't .. 9 ICC=Icc+1 
'ts DO 1 6 J=NiHIA I .~B 
'+6 l 6 HK I I • ,J I =HK I I • J I - FACT• R k I l R ' . I I -

51 '17 2 a 1~ C U L L = N C UL L - 1 
'fJ 9 IC=IC+-1 

53 'f 'I 1 0 UET=0FT•INKI lR•ll I 
S;J IFINEL TS.EQ,01 GO TO 1 
Sl rlC OL F = tHli'I A 
52 DO 15 J=tlDFA•ll 

57 SJ IFIRKt!R•NCOLFl,EQ,QJ GO TO 15 
S'I F AC T = h K I I 1< • NC 0 I. F I I R K I I R 1 I I 
SS [) l) 1 7 J=llCOLF, !·lu 
56 17 H ~; I I • . t I = t~ K I I • J I - F A C T • R K I I R 1 J l -
57 15 rl CUL F :: r JC J L F + 1 61 

58 1 CONT I tJIJE --·-----
59 lf INL1. TS.t:Q.WI GU TO 21 

63 

-.---
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-------·-· 3 
6.1 IFlrJt:1 T~1E!:J1ll (.; 0 TO I I 
61 IJClJL F;:: •JB ;·1 A 
62 00 ? r 1~ = 1J n r:- A , rt c; 

··-·- -~ 

63 I I-< A= I :1 +I 
61J IC= NC ril F + 1 

.9 65 DO J J=lf-<A1M 
61. IFIRl(1TR1Tr"1 f."'J fll t:c1 Tn • 

11 67 FACT= I< K I 11~ , I C I IRK I 1 R , NC 0 L. F ) 
611 00 q 1:JC.rJR 

.8 69 .. R K I l •.I I= R K I I • J l -f ACT• R K I IR• J l 
7_, "l JC=rr~1 

15 71 DET=DFT•IRKllR•NCOLFll 
7~ 2 IJCOr F:•icor ·i:-+ I 

17 73 l I CONT I ihJE 
714 ;~ K I M 1 1 ; t I = :~ k' I M • N R I / R K I M , f.I c.. c I 

:e 75 DET=DrT•IRKIM1NBSll 
76. lfCNE1TS-Fn.11 t:O Tn 7 

21 77 t~COLF :Ni:IS 
7[J i) I.) s rH=il51MDFA.-l 

79 ll=Ii-f+I 
8 ;J DO b 1:Nl"nt F 1 "JRc: 

!5 Bl RKCIR 1 ~BJ#RKllR,NBl-RKllR1Jl•RKIIl1NB~ 
82 6 Il=fJ+I 
83 i~ C 0 L F::: 'l C 01... F - 1 
Sit 5 R K I I t{ • ti a I = R K I I R I ti 8 I IRK I I " • N r 0 I F ) 

95 7 ll=UUfA 
86 DO 12 t:IJR~·; .\ t ~JBC: 

)1 87 DO IJ I=l1NOF 
8 tl 13 R K I I • ,J B I = f~ K I l • N 6 I - R K C I • J. l • ~ i' I I l ! I~ 6 l 

38 89 12 Il=II+l 
9J 21 t<t< c ND1·, tHJ l =f'lK I Nnf, •rn 1 /f?K rNn.-, 11 
91 DO 1 '+ JR=Nt>fS1l,-I 
92 ll=li-f+I 

)7 93 ii COLL :i·Hlvl 
9't I F ( l H , GE • rl ll f 0 \J A I NCOLL=tlnF A.:, I~ 
95 iJ 0 1 9 J=2 tf~COLL .. 

96 RKI JR •. JBl=RKI IR,t~Bl•RKI lf.! 1 .l1•RKI I 1-tJ.<I 
41 97 19 ll=II+l 

98 1 .. RKIIi-f,~Bl=RKCJR,N8)/RK<l~1l1 

9'1 OUTIISTOPl=DET 
100 RE TUR!J 

45 101 ·. t:ND 

47 
-

( 49 

&1 

&8 

55 
' 

&7 

&9 

1 8 

83 

( 
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3 
PLASL1hArlPf I JI ELT11AT 

5 ' 1 C.:OMPILER IXM=31 
2 s u u R u , r 1 ;~ E • 1 r M A r 
3 CIJMMU!J /t.:XT/ttKl157e981 
'4 c ····························•t••t•••••••••••••!••••••••!•!• 

9 s c SETS ,JP UEFOiWAT l O~J Afrn ST I Ffi'~ESS MATHJCES F iJH EACH l::LEME!H 

" c ................ lit ................................ 0 •••• ~ ....... L1,L___._ 

11 7 C U 11 '.1 0 r 1 I i3 L K I / 1:HW \.l P , : J C 0 L P , H P I 2 J , 2 I , f4 F , i. D F , J I 7 J I , P I 7 3 I , 
a ;l 111:. • 1 P ... 1 r s 1 ::> 3 • '+ • z. 1 • e ;:i r RN 1 2 J • ,, 1 • s r 11 N 1 2 .j • ~ 1 , !:i r R ::i 1 2 3 • ~ 1 • ·-
9 ., II r.:i w A • I 5 I ;:; ( 2 3 • '+ I • II EL Ts. L p 'tJ.B. M I Is T 0 p 'MA x • 

IJ 11 N r.1 N • Ni·' • E. • Ee • A E • E 1 • Y s r Rs 1 1 i f:i i:: A ~ 1 2 J 1 2 1 1 c o :i an x 1 2 J L • 
15 l 1 :1cu0 R lJ y I 2 .3 I ' E. LL EN I 2 3 I I s EL T I 2 3 I I c EL T I 2 J J • !Ji) FA • l~ D F s • 

1 2 #.rJ i:HI S • '.JD Fr. "I A , I !j C r 7 3 I , iH • tJ? , I T Hr I 3 1 , PI"' I t cl 7 3 I .rH .HID A t 1 n 1 • 

17 13 ~Pf' I" 1 3 1 , i~ L 1 3 1 • ·v Lu AD I 1 o , 7 3 1 , o J T 1 7 3 1 , iJ c T , f Ac T • s ' 2 3 • '+ , '+ I • 
1 '+ .1 b I 2 3 , ·I , 6 I , B TS I 2 1 • 6 , ~ I , 13 Tc:: r< 1 '- , '- 1 • 1 • 1 r A 1 .~1PHAl?'\o?•· 

19 15 If i):; T IHI I 2 3 • 'i I • ups T KN I 2 3 • 'i I • D s TR s I 2 3 • 't I I t• EL T I B 8 • '+ I • u u I 7 3 I • 
16 # l) p I 7 J I • R !'1 I N • I I) u '1 I p I I 7 3 I I Ms •. J II c:: I £ A I ., '\ I • RE I I z 3 I I I ~ t:I As E I 

21 17 # J 1;D E;. • ID u i'l l 1 l l.l c A 5 t.: • s p I .. 2 I 2 0 I I z p I 2 3 • 2 I • 1 c OU"' T I 2 3' 2 I • 
1 () 1dt:No1.,31,,i1 r.,~si:-c 

23 19 DO 2 1E=l 1NE 
20 DO 1 I l = 1 I .. 

' '!5 21 ~o 3 r2=l•'+ 
22 3 . S!...lf• I l tl21=0• 
23 c •••••••••• 
2'+ c ELEME.iT 13 M,HRlrES 

2S 0(1' 1 1J=l16 
26 1 ol IE't 11 • IJl::O. 
27 llllE•11ll=-CELT1IEI .. 
28 131 lE• i •21=-SELT! lEI 

33 29 BllE•71ll=SELTCIEI 
30 B (IE I '.1. 2 I =-CELT I l EI 

35 31 ollE•3•31=l• 
32 8llE•11'tl=CELTCIEI 

'J7 33 Bl IE171'tl=-St::LTI 1£1 
3'+ ri I IE • l • 5 I ='s EL TI IE I 

39 35 Bl 1E121Sl=CELTC IEI 
36 tH I£11j1bl=I I 

41 37 c •••••••••• 
313 c ELEME'.JT s MAT~lrES 
39 SllE•l 1ll=AE/ELLE~llEI 
't ::J SI IE1'J12l=l 12.•>l I/ELLEN! TF"1••·"· 

45 't 1 SIIE•J•21=1-6.•Ell/ELLENCIE1••2• 
't 2 s ( l E • 'I • 2 I = 5 I I E • .'l I 2 I 

47 't 3 SllE•/t31=SIIE•3•21 
't .. 5 I I E I .l • J I = ( 't •• E T I IE I I E ~ I F" ) 

'tS 511£1~131=12.•Ell/ELLENllEI 
49 

't 6 SI IE•:lt'+l=SI IE•3•21 
51 

i7 ~IIE•31'tl=SllE•'t•31 
'i tJ SIIE·~·ql=SllE•J•ll 
't9 00 't 1=1•6 

53 

S'J L)Q q ,J = l ' 't 
51 c •••••••••• 55 

52 c li TH A ,JSPOSE s E1 EMENT MATRlrEc;; 
SJ uTSI IE'• I •Jl=O 57 

Si+ DO 't L = l • 't 
55 't u.T 5 I I £ • I • J I =ti T S I I E. • .I • J I + B I l E • L t I I • S I I E • L • J I 

69 

56 DO 5 I= l • b 
57 l.>O 5 J= l. 6 

61 

sa UTStlt J 1Jl=O 
59 ()0 s L = l • 't 

63 



100. 
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3 
6;1 c ························-· 6 61 c EL C:t1 £:1 T ST!HliESS :1A Tt< ICES 
6, c •••••••••••••o•o••••••••-• 
63 s uT~Bt ,,Jl=uTSUII•Jl+bTS(IE•I•Ll•b(l(tL•JI 
6<t DU 2 I= 1 • 2 

9 65 i1C=NH>Al11 IE, I l 
66 c ·····~····························· -,, 67 c A::,SEMaLE ELENEIJT STIFFNESS MATH ICES 
68 C· INTO ';YSTEM STl[FNESS MAIR Ix 

3 69 c ......•...•...••.......•...•. , ..... 
7J 1JO 2 J: l • , 

15 71 NC=trnrAMI IE.JI 
72 I F I IJ C • L T , Mc l GO TO 2 

17 73 MNf:l;°1C-l l•NF 
H W~F= 1,.!C-1 I HIF -··-

;9 75 l NF= ( l -1 ) •NF 
76 J lff = ( t - I l • N f -

21 77 L> 0 7 L = 1 •NF 
78 LK=tlNF ... L 
79 LE=Illlf+L 
SJ !) l) 7 tL=loNf 

'!5 Bl LLK:Nr;f +LL 
82 lflLL.-.LT,t Kl Gn TO 7 

rt 83 LLK=LLK-LK,..l 
a If LLE=J:if+LL , 

29 as c ···························J•••······························· Sb c ELEMLH STIFFtlESS HA TRICES ,'\ s 5 E i1 t;i L E u l ~i Io THE SYS TE ti..._!i_ Uli~BL. 
l1 87 c i1ATi<Ix, THE UPPEH TRIANGLE IS STORED i tJ COLUMNS FRUM OIAc,eNAL 

88 c ······························••&••··························~~ 33 89 HKILK,LLKl=R~ILK•LLKl+BTSBILE,LLE) 
9Q 7 CONTliJUE 

35 91 2 CONT l iiUE 
92 DO 8 I = l • ~l 11 f 
93 Jfl li:1CI I I .EC', l) GO TO 8 
9'f Ou 9 J:2tiHi\'V 
95 9 i~ll.lloJl=O -39 

96 RK(Iql=l 
41 97 11=1-1 

98 IK=2 
99 J J = I - ;.i B >'I t- 1 

100 lf(JJ,LT,11 JJ=l 
45 l 0 l 1)0 lU 1,J:.:I 1,JJ•-l 

102 Rl':l!J,IKl=O 
47 103 10 IK=IK+l 

l 0 If 8 CUNT I ~JUE ' 
49 lOS c ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

l :J 6 c SYSTEM STIFFNESS MATRIX WRITTt:1J OFF ONTO TE'.'1t>o ?AnY f I 1. E --
l 07 c ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 51 

1 0 8 ;itdTE1131 I IRK I I• JI, J= I, i'J[HI l •I= 1, NOF I -
109 1'1£ TU1'11J 53 

1 l !) END 
' 55 -·- --··-··· 

57 

69 

61 
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----- --------------3 
p I 4 <; I 1.1..t...ALI£ f c I I SI•lSIH --6 l COMPI1_Ef< C XM=3 I 

2 ~!.16~!11,I I 'le s I il<":T ~ -
3 COM 11 O '·' I E l( T / I< t; C I !) 7 • 9 8 I 
~ r • • • • ......... • • a"" t. . .Ltl_t.jt~~· • t e t • • •A • t o • • f • • * • • • • ! • a p..Le.....a. • o • o • • • • •••..a.~ .. 
5 c I riCIH ;1El•TS OF STr< A I JlS A NU sr1nssts AllE CALCULATE[), r11E MOMENTS 
J. r 4..,c c ~ A, I 11 c-" T •· 1 [ji) IUA! CL;i:ObSI I ·J ¥I L-bLJ 1 •·Jc.;. ALL l.u-U:-li~OHCE&, ~ 
7 c STWAJ.,5 AKE T1JEN FACTOREu so THAT TllAT ·10HErn E~UALS THE 'I' I ELD 

11 .. (" MllM«:J-. -
.3 9 c ••••••••••••••••••••o•••••••••••••••••••••o~••••••••••~•o•••••••o 

I~ co M ,l ri .<'.'. H L. ~ 1 l r< 11 '.ht' 1 'H: u L. e , ;-1? 1 2 3 , 2 1 , 11 E , 1rn E , 11 1 z J 1 , e 1Ll1 • 
15 11 II !J £ • It' FLT S C 2 3 • 'I • 2 I • P 5 TR r~ I 2 3 • ~ I , ST h N C 2 J , 'l l • 5 T f< 5 C 2 3 • 'l l , 

I :I n 1111-ll A • ' c; I .i ' 2 ;i • 'I l I rJ EL. I·; I L ~ I i 11~ • M • I s IQ e ' [·]A x I ----
17 13 11 IHHi • r~ ••• E' Er 'A E 'EI ' y s TR s' ti 13 E A/'1 I 2 3 • 2 I • c 0 0 r. D x ( 2 3) ' 

'" 11CQ01>1ov1?<1.r: 1 r • I } 1 I <;FI 1' I 'J, 1 rr: T t? » "''"" •. "nc-<:. 
!D IS 11 Nd I\ S • .. , Ii f t.1 ,1 A , I ti C I l J I , : J I • 1·12 , I I UC C 3 I , Pf' l I ::J , 7 J I • t\ LAH I) A C 1 0 I t 

I b tJ Pf' P I ., • • >i I I 1 I • ·, L. (l 11 (; I I Q 1 Z 3 I 1Q·1 I I Z J I 1 il r [ , EA CI I "i I 2 ·1 1 !11 ~ I • ----
21 17 #0(2J1q,bl1UTSl23•6••1 etlTS316•6l •DlLl61oALPHACJ3•21• 

Ul "tis TB 1, , 2 .i • 'i 1 , 1~ P s 11<" 1 2 3 , '! 1 , :) s I 11" 1 ;.: J , •1 1 • 1~ c L 1 1 a R • !I 1 • ii; 1 1 z 3 1 • ---
19 #UP I 7;; 1 , R 11 l ii , I iHJr1 •PI I 7 3 I , 11 S t :Jb S , EA I 2 3 I ; :~EI C 2 J I , l P rl A SE• 
2::> 111 rwcx I I) U •• I • L ,) ,. A 5 E t SP C •' , 'n I 1 -. P I ., ., - " 1 ':" IL.!J_ufil I J l 1 l. I ! ·-----" l5 
2' II I t.N1) C 23 I• NLC • rlSE~' 
22 CO~MDN,!BLK't/N0DCNTl2JI 

27 23 l<I:~ AL 1-:P 
2't -uu I r I'": I. NI' 

29 2S Uu 2 J= I• 2 
26 2 ALPHAtTI'", II:" ----------
27 L=O 
28 uo 1 '=I'' -33 29 I l=IN;.,EA'1C IE• l l-1 l•NF' 
30 DU 3 .t= Io NF 

35 31 L=L+J 
32' 3 DCLCLt=HKC!!+J•N81 
33 UI) q J= I• If 
31f D'.5T1~-.c IE• I l=u. ·-
35 iJPSTR:JCIEoll=O, 39 

36 IIK=l~ELT5!1£,J,21 --·· 
37 11 J: I PEL TS C 1 £ • 2, :.l. I 41 

30 lFCIPFLTSCIE•l•Jl.EJ,11 Df'SHW (IE. 3 '=RK ( 11 K 'rm l 
43 3'1 If-llPLLTSCIE•2•lloEU,ll LI t' ST R ;~ C I t:: • 'l l = R K C I I J • f< Bl 

'f::J 00 q .J= I• 6 -·-------
'i1 c ·····-··················~····~ 

45 

'12 c lNCt1t:01EHT Pl THE TOTAL s·1 HA PIS 
~-··--------

'13 c ..•...•................•..... , 47 ,,,, 
'I D5TRN1JEoil=~STN~llE•ll+ullr•l•JlODELtJI 

--~---·--

'IS 00 2S IY=J•'l 49 

'16 OOiTfWt IE• IYl=05Tt<NC IE• IYl-DPSTHNC lEo IYI ______ ... 
'17 2S CUNTlrJUE 51 

'18 OU b I= It 'l -----q ., OSTRS( It:oI 1=0• 
so DO 6 .1-.1 ... 
Si c ••••••••••••••••••••• sz c I IJCIH .. 1C'J T l!i ST1d.:5SES 

·--~--:;;, c ········q············ 57 

5'+ 6 ll S T r< s 1 I I:. • I I = .J S T ii S I I E • I I + S I I L! ... l...!B • D S T R ;~ C l E • J I 
SS c •••o••••••••••••••••••••o•••••••••••••~••••• 

59 

56 c CALCt)LATE FACT.JR A :·J!) flETERHJl~E THE SMALLEST 
S7 c •••*••••••••••••••••e••••••••••••••e•••••••• 61 

S6 It II~~LTSCl[•l•i loEa,01 ALPilA I IE• I I =ABS I MP I IE, I l /OSTf(S I 11:, 31 l 
S9 1t-STNS1 !E•]l/lJSTqsc IE131 

63 
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• 65 
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u 67 
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a 69 
70 ' 

Ill 71 
72 
73 7 
7'f 

'.t 75 
76 
17 
78 
79 
'30 

!II 81 10 
a2 
83 
a·• 

• OS 9 
86 c 
87 c 
80 c 
il9 c 
9:J 

• 91 
92 
93 
9'f 23 

• 95 
96 

4 , 97 
98 

' C3 '19 
JOO 
lJl 
I :J2 
103 1 l 
I O'f c 
105 c 
106 c 

I t 107 
I :JB 
I J? 
I HI 
111 
112 
113 100 
1 I 'f 

. 115 
116 c 
117 c 
11 !) c 
119 29 

102. 

' 
' . . 

I Fie Ad r, I DST RS I IE: , 3 I I •LE t 1 1 E • 2 l ALfHAllE•ll!l•t:l:J 
1Fi1PfLTSllE•2•ll•EQ,OI 

11-::>~HS1 IE•'tl/DSTRSI IF'o'll 
ALPllAI IEo2J:aAl)SIMP.I lt::,21/0STi~SI IEt'tl 1 

If 1 Abs (UST RS I I E , 'I I I •LE, I., E-9 I ALPHAllEo21,ltE2~ 
CONT I •JUE 
t<11lN=t,E30 
00;7 IE=loNE 
uo. 7 J= 1. 2 
Ire IPrt TSI IE•J• •I .ECL 11 c.O TO 1 

'IFIAL?HAllEoJl,GTeRHINI GO TO 7 
llaIE 
JJ•J 
Rr1111= \L PHA I IE, J 1 
CO~T I ;IUE 
NElTSan . 
uo 9 IE=l1NE 
uu·9 10 I , ., 

Ifll.PFLfSllE•J•ll•EQ,11 GO TO 10 
I F I I I:: • E'. (.! • I I • A 1rn • I J • ["{j • J I . t: n T n In 

UUl11:1tr1 ! ll/ ALP11A 11 E •JI 
If I OU;•, I. T, n, 9991 GO TO 11 

1~EI> TS:t4EL TS+ 1 
NEl TI ;iEL T<i 1 I 1 :1 I~ 
Nt.LTl1JELTS1'fl=J 
N00CNT I f.IEL TS I :a'l!iEA~ I IE• JI 
COfllTlr1UE 

••••••••••••••••••••••••••••••••••••••••••••••••••••• 
HULT I t•L Y ALL D I SI' LAC£ HE llT S • ,1 UT AT I 0 ti ::i • !. T fl A l NS • l NT ERNA L 
fOitCEc;oHOMENTS ANO LOADS BY FACTOR CALCULATED ABOllE .••.......................... , ..................•.... 
00!23 !=l1NDF 
UUCll:RMIN•RKll1NBI 
U I I I= U I I I +DU I I I 
UPlll:RMIN•PPILP•ll 
f'dl=PI ll+DPI ll 
00 ! 11 IE:::oioNE 
UO ~ 11 J:l I. 'I 
l>STHN1 IEoJJaDSTRNI l'E1JhRl1IN 
UPS TR 1 d J E , J I =UPS TR ~II I E • J I • R :~ I t! 
D~THS1IE1Jl=OSTRSllE1Jl•~HJ~ 
STRNIJE•Jl=STHNllE•Jl+DSTRNllE•Jl 
PSIRN1I(•Jl•PSTRNllE•Jl+OP5TRHCIEtJJ 
STRSI tC•Jl=STRSI IE•Jl+DSTR5tlF'oJI 
COl\ITiriUI:: 

··~··························· Ol.ll'PUT 1iESUL TS OF lllCREHENTJNG 

··~··························· CALL OUTPUT 
IF I' 15 TOP, EQ, • l I GO TO 2'1 
lj~•IHL1A+NEL TS 
M•NOF+llELTS 
lf(Ub.LE,NCDLP,AND,INDF+HELTSt,LEoNROWPI 
PWINT JOO 
FORMAT I IHOo261 '•'I•/•' AllAILAULE STORAGE 

S/0271••'11 
STOP 
•••••••••••••••••••••••••••••••••••••••• 
HECOV;-t~ SYST£M MA rn 1 x DE5TRJH:O l N SOLVE 

··~····································· 
HE~INO 

J 
I 

13 

GO TO 29 

EXCEEDED•• 

-

-· 



103. 

a 
I 1 rt R.E An I 1 l I I 111.: I ' I JI • J= I • th:11i I • 1-1 I UDE I 

I 121 IFltiE:L TS,E:Q.01 GO TO 28 
12' DO I'+ I I= Io IJE.I Tc 

123 NH=rior+II 
12'1 NC=1Jt3.·+ll 

• 125 O\.l 15 I'" l t NR 
126 15 R K I I ti• C I = 0 

11 127 IE=Nt:1.Tlll1ll 
12a l_.J=r1E1TlIl1'tl 

.a 12'1 ' / uo 17 I= I • 2 
l J'l NH R = I I• i~ £ A ti I I Ii: • I I - I I • I~ F 

15 13 l NHE::II•ll•NF 
132 c ·························••t••········••!•••••1•11t 17 l3J c AUGMt: .·~ T SYSTU1 ST IFFllESS MATRIX OY flu11s AND COLUMNS 
l H c or E II T Ei~()EI) SYSTU1 <;TJffNES-: "'ATRIY CnRRE'SPONDING 
lJS c TO PLASTIC HltlGES 
lH c ••••••••••••••••••••••••••••••••••••••••••••••••••• 
137 ' uo 17 J=loNF 
13!) 17 R K ( 1111 ti + J t NC I : - 9 T 5 ( I E t N R <" + . I , r . I., ., I 

23 139 RKINt~,rlCl=S< IE• IJ-.2, IJ+21 
l 'f J "JJ=NC+I 

!5 l 't l 00 l't J=JJ 1 IHt 
l '12 l '1 ilK ( i·lR. ,JI ::Q 

I 

ll1 l 'f 3 26 uo 27 I= l , rmF 
l .... c •••••••••••••••••• 
l 'tS c A9D It: LOAD VECTOk 
l 't6 c •••••••••••••••••• 
l 't7 27 H~<l•~al=PPILP•Jl 
l 'tS 2't RETURN 
l 't9 ENO 

4 
1. )7 

·I 

' . . 
41 

\ 41 . . 
47 

• 

IS5 

' 17 

( It 

( 
1 



•1 .• 

a 
PLAS 

II 

3 

• s 

t1 7 

:a 9 

IS 11 

t7 13 

It 15 
16 

ti 17 

113 19 

Ill 21 

WI 23 
2 

It 2S 

1t 

83 29 
3J • 31 
3 

J7 33. 
3'f 

311 35 
36 

" 37 
39 

\ 43 39 
.. iJ 

45 .. 1 
'+l 

'1 '13 
'f<f 

411 'IS 
'16 

It '+7 
't8 

113 '19 
so • s1 
s2 

lrl 53 
( S't 

It SS 
s~ 

01 S7 
so 

es S9 

COMPILER (XM=3J 
:iUd 
COMMO:J /EXT/f<KC1S71981 
•••••••••••••••••••••••• •• 

C OUTPUTS RESULTS AFTER EACH INCREMENT 
• 

CUMHOri/tiLK 1/llr'IO.~P1llCULI'111P I 2~• 2 I, NF 1 l<OF ,u I 73 I or I 731 t 

1· 

!!Hd~A•ISIGl23•'tl,NELT5tLP,NB,M,ISTOPtMAX1 
!!Nb:~ el<!;, E •EP, AE •EI• YSTi~S 1Ntll.rn123, 21, (;oOROX I 231, 

!!C00RUyl231tELLENl2311SELTl231,CELTl23••NUFA1NDFS• 
11 lll:i w s , ii o F ra A • rn c 17 3 1 .r11 , u 2, 1 1 H c r 3 1 , e e 1 rn. z 3 1 • R 1 A t1 a a c 1o1 , 

#PPP I J I , fl L I 3 I • .1L O AD I l 0' 7 3 I , 0 UT I 7 3 I , D F. T , FACT • 5 I 2 3 • 'h '+I • 
ii d I 2 -, , 6 

UOSTRNc2l•'t!tOPSTRNl23t'tltUSTRsl2J.'tl•NELT1881'1ltOUl731t 
O I , R" 3 

UINOEX,!OUMl•LUCAS£15pl't2o201•ZPl23o21,ICUUNTl23121• 
I N I, 

COMMON/BLK3/r'ILDFCTl30l•HLl10LOrCTl301,ALDFCTl301 
COMMO. :-J UT' 
CUMMO~/BLK9/IBP,15HORT•lfAB 
!Fl• Er,NE.01 GO JO Sol 
IFl!Dutt•EQ,-11 GO TO 500 

5 REA 

NOUTa1~0UT+ I 
IF I t RT ~I 

104. 

2d1 FO~MATllH01 1 NEXT ELEMENTS To U~D~RGO PLASTIC DEFORMATION ~·.101s~ 
l FI s. r RT I rl ; T N 

2 0 2 F q R r-IA T I l tl • 1 AT N 0 Ll ES : 1 t l 0 I!) 1 
2 I I' I S •ORT. 11 E I fC I "l T 2 0 3, R N 

2J3 FORMATllrl 11 AT LOAO FACTOR 1 ,Ell•6•/I 
D~DFCTINLI l•R,iJN 
R~OfCTILPl=RLOFCllLPl+RHIN 

l~I SHORT NE JI Rl~T 30 
301 FORHATllH 1///26X•'l~CREMENT IN LOADS•126Jl•'TOTAL LOADS'i 

c 
c 
c 

302 
333 

c 
c 
c 
33'f 

#/tlOX,•~UOE 1 •6X •orx•.10 •• 
!!llX,1py•,10X•'HOM'•ll 

00 333 l=l1NN 
Nli:s(l-ll•Nf 
J•NR+ 

••••••••••••••••••••••••••••••••• 
I i'ICREr1ENTS l N LOADS TOTA OADS 
••••••••••••••••••••••••••••••••• 
lfllSHrJRT,NE.llPtHtlT 302.l•DPIJl,DPIK •DPILl1P JI 
FqliHATllH •llX•!2•'+X131El0,S•3Xl1'tX131EJ0~5•3Xll 
CONT I :1UE 
lfllSHORT,NE,llP!il~T l3't 
••••••••••••••••••••••••••••••••••••••••••••••••• 
INCRE·1EiHS IN DJSPLACEMl11TS TOTAL DISPLACEMENTS 
••••••••••••••••••••••••••••••••••••••••••••••••• 
FOliHATllll t///•21JX•'INCREl1l:IT IN DISPLACf.HENTS•12sx. 

n•fOTAt_ UfSPLACEMENTS•o/,JUJ( 1NODL't7Jr.,•ou!dlX•'OV 1 d x 
11 1 THErA'•l2X•'ll••l2X•'V'•llX•fTHETA'•/) 



105. 

3 --
60 00 33:; 1 :alt NN --·-61 NR•Cl-!l•tff 
62 J:tNR+ I 

63 K'"NR+:? 
6't L:oNR+• 
65 IFIJSHORl.NE.l IPklNT 336ol•DUIJI olJUIKl•DUILl •UIJl1UIKl•UILJ 
66 336 FORHAT(li-t t 11XtI2 t 'IX o 3 IF IO. c; o lX) 4v.31•1n.<;. 1 l~l I 

tt o7 l3S COt4T I tiUE 
68 IFC rc;;.ioRT-N• 1 Ji>Rl'IT Jn• 

3 69 .. JUJ FURHATllrl o 111 t 2 'Ill • ' INC I~ L i1E1JT IN STRAINS 1 o't2X,•TuTAL STRAINS• 
70 #•l•IX 1 °ELE~ENT'16Xo•AXIAL'•d~1•S~EAR'1ZX1tOTHEIAIAl•1 

111 71 #'tX••OTHElACOl'•!IX1•AXlAL'•8Xo'SHEAR',6Xt•THt:.TAIAJ•, 
12 #:.X• •T;1ETAIAI' 1/I 

t7 73 c ••••••••••••••••••••••••••••••••••••• 
7q c I NCRE;•EIHS IN STl'IA 1 NS TOTA• c; T~A 1 ric; 
75 c ••••••••••••••••••••••••••••••••••••• 
'16 () \) 337 lU=•.tlF 
77 I F 1. J 5" 0 HT • NE • I I p I< 1 NT lO't1llN1IDSTRNllN1lll•ll=l•'tlt 
7 tJ #IS l RN 1 I fl• I 2 I • 12 =I • 't I l 
79 30'+ FORMATllH 13Xol2•6X~'llE!o.s,Jxl16Xo•l~IO.S•3XJ1/I 
SJ 337 CONT I r.uE 
81 IF I IS H 0 i~ T •NE. I I p R 1 il T 338 
82 338 FURMAT I lti ol/loS6Xo'PLASflC SfRA!NS'•l•~!~•'E~EMENT•o 
!l3 # 't X • t T, •ET AP I A I • • 6 X o ' T 11 ET AP I li l ' > 
ait DO J'fp IE= I, NE 
as IF I IS; 10 RT, NE • I l p R 1 i~ T J391lE,IPSTRNllE1llloll•lo'tl 
lib 339 F·URM AT I I ti t't3Xtl21SX0EIO.Sosx.E111,s1 --J1 07 J'IO CllNTl11:.Jt:: 
80 IFI ISHORT.NE.1 IPRINT 305 

33 89 c ••••••••••••••••••••••••••••• 
90 c I NCRE11El'ITS 111 l N Tt:. 1rn AL FeRCES 
91 c ···························~· 92 3US FORMAT I Id •Ill• 'IOX •'I NCRl:.ME:ll IN I ~HERtlAL NOOE FURCES•o/o 

• l7 93 #OXt•ELEMEWT'•7X, 1 AXlAL'•lqX,•5HEAH•ol8X1•~ENUINGIAl•1 
9't #lOX~•nENDINGl81••/l 
9S 00 3'15 IE= 1 , tiE 
9.!o IF( 15•-iORT,NE. l IPRINT' 306ollE•I05TRSllE1(t1l=l1'ill 
97 30& FOf<MAT I I H oJOX•l217X1El0 15•JOX•El0 0 S•ISX0LlO.SolOX•ElO,S1 41 

9 ;J 3't5 CONTliiUE 
• 13 99 I F I l S 1l 0 RT • NE , I I Pk It IT 307 

1 ;) () c ••••••••••••••••••••• 
IJl c TOTAL I IHERNAL FOkCES 
102 c ••••••••••••••••••••• 
103 307 FORHATllH 1//l•'t'+JC1•TOTAL I tlTF;RNAL NOOE FURCLS'•/12Xt 
1 0 •• # 1 ELEHE~T 1 16X•'AxlAL•o?Xo•SH[A~'•6Xo'tiENDINGIAl'•'*X• 

47 

1'15 #•'flELfJ ~OMA'•'IX,•HENOIN~(dl••'!Xo•YIELO MQMB'•ll 
IOo 00 9'15 IE= I, NE 
IJ7 lFllSHORT.NE.llPRl~T 300,IE,STRS11EolJ•STRSl1£t21t 
I :>a #STRSl!E•JloHPllE•lloSTRSllE,'tl•HPllE•21 . 

111 

109 JOB FORMATllH o'IXol2•6Xo611:.lUo5 0'1Xll 
110 9•5 CONTINUE 
111 00 3't9 I= I , NU'f 
112 00 3'1? IE= I, NE 

57 113 IFIA8SISTRSllE•Jll/MPllEoll 0 GT,l 0 00ll GO TO 280 
1 I 'I IF I AHS I U I I I I, GT• I l r;u TO 2Bn 
1 15 If I A 8 S I 5 T "S I IE •'I I I I 11 P I IE , 2 l , GT• I , 0 0 I I GO TO ..!80 
116 l'tY COiiTINUF: 
117 GO TO IUO 
11 a 2"0 ALUFCTILPl:RLDFCTILPI 
11 'I LP'"LP+I 

I. 



106. 

-
>----

3 
12] c •••••o••••o•••~•••••••••o••to•••••••oto•e•••••moe 

s 121 c If A •1ECllAN I ~11 HAS FORMEu COMt!ENCE NLX T LOAD CASt:· 
1 :>z t ••••••••••••••••••••••••t••••!o•••!••••!!R&•&•o•o 
12J IF I IS ri 0 RT. rJ E. l IP r< I !IT 279 
i 2'f 279 f URMA TI I ti , 111 • c; b X • I 6 I ' e I I • /ti; 6 X , t .~EC HA l~ ISM FOl~MEO• /, 

II 125 :r;r;1>xo1.-r ••• 11 
126 If I I s,~oRT .1H:. I I fr<I :n 27YY0N1 I 

11 127 2799 fORMArtlll t I I, 13 X • 90 I'• t l, /, i 3X, t THt..: RE!>ULTS OF• 
12'1 # t THE AB•) VE IT [fl AT I,, :1 t • 1 ., , • As; F It~- A 'J jtJ C: f f <; <; fl II C" t 

3 129 II t To TiiE FOf<NAT I ur. OF A ME C :i AN I S :1 ° •I • I J X • 9 0 I ' •' I I 
l 3:J c •••••••••••••••o•••••••eo••~•1••••••• 

15 131 c If ALL LOAD CASES rl~Vf. BEt:::N CO:-IPLETED 
132 c CHOO Sf' AIJEQ:.Jf• TE SI:: CT I O:~S F03 MEMUEBS 

17 IJJ c ••••••••••••••••••e•c••••••••t••••••• 
13'1 sou If IL P • GT , rH C I CALL SO~T 

:11 13:. IF I IS tt ORT, NE , I l PR I ii T 'iOO tLP 
136 'fOU fURMATI lfll ol//1<;6Xo' LOAn r,c;~t,?X I? I --21 137 UET=O 
13'.J IIJUM=-1 

23 I 3'1 uo 'it.JI l=loNOf 
l q :J u 11 l =fl 

!5 l'H Pllll::PIIl 
I 112 c ••••o••*•••••••••••• 

'ill I 'f J c ltHTlALISE VARIAULES 
I 'H c ••••••••o••••••••~•• 

29 Ii$ 'f O l Plll=O. 
I '16 [)U 'IU 7 IE:: I, NE 

\ )1 I '17 uo '+02 J= 1 •'I 
I 'f •J 00 't02 1=1•2 

33 I 'i 9 DSTRtJ{ !E•Jl=O 
lSJ USTFISI IE•Jl=O 

35 IS I lPELTSI 11::, 1,Jl=O 
IS2 PSTRN1 IE•Jl::O 

l7 IS3 SlHN( IE•Jl=O 
1 S'f !>TRSI JE•Jl=O 

39 lSS '102 ISIGIIE•Jl::Q. 
156 NELTS::O 

41 ls7 NLl=O 
153 rrn=NB .. , A 

C3 159 M=NOF 
160 uo 'tO 3 I=loNOF" 
16 l 'iGJ ttK( I •1.til=PPILt>t I I 
162 'fO't CALL SOLVE 

47 11>3 'iOS CALL STRSTR ' lo'+ IFINEL TS.E•J,OI GO TO '10'1 
49 l6S CALL iTER 

166 c.o TO 'iOS 
167 100 RETURr·J 
1613 ENO 

51 

( 
63 

55 

57 

81 

ll3 

(_ --



107. 

3 
PLASL~·taAnP~· 1 I I IT~~ 

5 1 CO!'IPILER (XH:JI 
7 s IJ l.l ..in , T I t; • ' r I:' 11 

3 co1111or. /£XT/RKI If.7•981 .. (" .................... 
s c I TER AT I Oil PIHICEOURE 

'· (" ••••••••••••••••••• 
11 7 COMMl)~/bLKl/NHOftPt~COLP1HP(]J1211NF1NDF1Ul7Jl,pl7JI, 

R dllEtlP>f TSl7~ 1 q 1 ?1.~C:TUNl?'l.al C:TwNl?1.~1.C:TRCl?~ ... 1 

:a 9 UhdWAtJSltit231il1NkLfS,LP,NB,HtlSTOPtMAXt 
l (] 11 1~ a ·~ 1 N" • i: • E e 1 A E • E 1 • l s I R ::! 11. •l E i. i!I 2 3 1 2 1 1 " L' o Em 11 1 z J 1 • 

15 I 1 llC00Ruyt2311ELLENl2ll•SELTl231,CELTt23ltNDFA1NDfS1 
12 II Na"' s ot• D Fa ~J A • I f) c ' 7 3 I .r II • N ' I rn (" I 3 I • µ p ( I ') • 7 3 I • RI AH D A I I a I • 
13 II PPP I 3 I t {IL I 3 I • YJ L 0 A IJ I I 0 • 7 3 I , 0 UT I 7 3 I t DE l , FACT • 5 I 2 3 t 't t 'I l t 
I 't llol23tttbltBT51''ltt>tql,RT<:HIL.,,.I !;1"1 lblo.'>1PHAl7~,71, 

19 1 s 11D5 T ti N I 2 3 • 'I I ,[,; t' ST Ii 1j( 13 t 'I l t U 5 TR 5 I 2 J t 'I I • NE LT I 8 8 t 'I l tl> U I 7 J I t 
16 " i) I' ( 7 3 I • R 11 I 'J liJ 'I 11 • p I I 7 '\ I • M c: • 1 Ur: • • d I ? '\ I I> r f. I ? ' I ">M&C::I:' • 

21 17 11INDEx.1ou111.L~CASEtSPt'l2t201•ZPl23t21tlCOUNTl23t21• 
13 lllENDl,JI •NI CtNS•C 
19 C0HMON/BLK3/RLUFCTIJOl•NLl•OLDFCTIJOl,ALUfCTtJOI 
zn c 0 M i1 l) /I I a L K 9 /I lJ r. I!> HOK T • I TAR I 

23 

21 c ••••••••••••••••••••••••••••••••••••••••••••••••• 
22 c ROWS .:. r~D COL UH NS OF TtiE EXT£:NL1ED S!lfEllESS HAIBU 

27 23 c ARE il1il TTEN Of'f' ClfHO TEt1pORARY f' ILE 
2'1 c ................................................... 
25 RE11J Nil l .. 
26 ·WRITE11'll I IKKI '•JI 1..!=Nllii~•t.llll ! l=l 11:11 
27 DO 2 I•ltNELTS l1 

29 2 NELTIJ131'"'1 
33 29 16 CALL SOLVE 

30 DO 3 J:ol•NELTS 
35 31 3 NELTt ! t2l=I 

32 DO 'I I !~=flOf A• 11 
{ 17 3J 11 =I R-!4Df 

l't IE=Nl:.LTllltll 
JS .J•NELTtllt'll 

39 

36 JFIAl.l:;IRICllR•N911.LT-1-•-0't• r.n TO .. 
37 c ••••••••••••••••••••••••••••••••••••••••••••• 41 

33 c CHECK THAT PLASTIC ROTATION<: a;w MOMENT<; ARE 
39 c OF TH,:; SA~E SIGN 
'IJ c ···························••!•~············ 'f 1 IF I I R K I IR , N 0 I • 5 T k SI IE , J + 2 I I , GE, 0 , I GO To .. 45 

<. 't2 NELTI i l •21=0 
47 't3 .. CONTI;;UE .... DO 10 IIE•lotJELTS 

'15 10 lf'INELTlllE•21.EQ,QI GO 
. 

TO I I 
'16 GO TO 12 
'17 I 1 REWIND 13 

51 

'la READl1JI I IRK I I• JI t J• I t IH~l'l 1 • I :o I •ND~ I 
't1 Rl:.IV I No 1 'I 

53 

SJ READ( 1 •11 I IRK I I ,JI •J=NBIUoN:)I jl'"l •!H 
51 DO I 'I I E = I ttl EL TS 

55 

52 lflflE1 Tl IE121 .E1J, l I GO Tn I q 
SJ J=NBn+IE 

67 

S't DO I!:> I " I t 11 
SS 15 liKll•Jl=O 

59 

,56 flKINOF+IEtJl•l 
57 fHiLTI IEtllaO 

61 

S>! l't CONTINUE 
SY \iO TO 16 

63 



108. 

8 -
6J 12 DO p 'E:111 r1t; 

5 61 00 17 J= 1. 2 
b.7 17 IPE:1Tr1ll'".1 11:n 
63 lFI IOllTI I STOP I-OUT I ISTOF'-1 l I oGT•UI GU TO 19 I 

"'" DO ~n ''=•·•~Tna 

II 6S 20 ·ourcr11=0, 
66 ALDf"rT 1LP1 :1?1ni:-,.y11a1 

11 67 lFINLJ,E<.loll AL[)fCTILPl=DLDFCTCNLl) 
6!1 L.P=• .. ~I 

8 69 IOUH•-1 
7'1 DETon 

15 71 ISTOP=O 
7 7 IFI l'HnflT.NC" llaRINT 7n? 

17 73 702 FORMAT C lH 1///1S7Xe211'••1•/•S7Xt 
7 .• 11 ' l N c; T ·' n J 1 I T Y HI ll l C A T f° 0 ' / , i; 7 X • , l I t • t I t 

;11 75 CALL OUTPUT 
71:. 19 00 18 I= I, Nl'°I TS 
77 l~INELTlle31,EQ,O.ANO.ISH0RT,NEoll PR lllT 702 
79 c ••••••••• 

113 7Y c UNLOAiHNG 
8:) c •••••• •••• -81 IFiNfLTli1Jl,(Q,OI ALDFCTILPl=R~DFCTCLPI 
62 IFINE• Tl 1 .31,EQ.OI LP=LP+I 

fl/ 113 lFINELTlleJl,EJ,01 lDLIM=-1 
ii'+ I F ( tJ EI T ( I ' 3 I • E Q • u I DET=O 
85 IFILP.GT,1~LCI CALL SORT 
86 lf'INE1 Tl I t"ll .(ILOI CALL t1UT011i' 
07 lE=NE.LTlloll 
08 J,,;NELTll•'tl 
SY IPELT<;CIE,Joll=l 
90 lPELTscIE1Jt21=NUF+l 
'11 18 CONTJ11UE 
92 HE TURN 

17 9J END 

88 ~PHl •S ADPF.SOLVED•it.LT11Al>•,STRSTD•·OUTPUDtolTED 

41 

.. 
. . 

•· 
:t 

47 .. 
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109. 

a 
PL ASI 'l•AllPF I I I SOI VEO 

a l COMPILER IXl1=31 , <;UBR011 TI ~ff c;:,11 V<"ll 

l COH:IO;v /EXT/t1KI t!:i7t9BI .. t ••••••••••••••••••••••••~••a•e••~•t••t~!t•••t•1••••tt••t••I 
:i c SOLUTION i.oUTINE f 01~ OEFUHHATlON AtJ/ILySIS . GAUSS-JORDAN REDUCTION . I 
t. c ···························-·-·········~················-·· ,, 
7 COMMO~/ULKl/~HONP•~CULPoHPl23o21o~FoNOFoOl731,pC731t 

!I 11 rJ £ • 1 er 1 T s 1 2 J • ~ • " 1 1 ~ r, 1 H ·~ 1 , J • ·1 1 , s I a: r. 1 2 J , !I 1 , s 1 s s 1 2 l • !I 1 , 
:a 'I 11 Nb.~ A • I S I r.. I 2 .3 • 'I I • I< EL TS • L. P , NB , N t l S T 0 P • MAX t 

I 1 ii 11 o .1 , N 11 1 r:; •Ee • 11 E • E I 1 l'. s r 8 s , 1·1 BE~~ 1 2 J , 2 1 , cu a 1::1 er x 1 2 ·11 • 
18 1 1 11 C 0 0 RD y I 2 J I , ELLE II I 2 3 I • SE LT I 2 J I , C £LT I 2 J I • Nu FA t ND F S • 

I:> 11NB>'IS01•DFu··4 rur17~•.1JlttJ~ l1Hrl~1.PPl1n 7~1 t<l4~D411rrl. 

17 13 ' #PPP I 3 I • llL I 3 I '>IL 0 Au I l 0. 7 3 I 'our I 7 3 I • DC 1 • FA c T • s I 2 3. 't. '11 • , ,, 118123o•lo61,rtT<;t ~~161111 qT~lllc hloOll lbla61 PM417~o~I 
JI 15 11uSTRN123t'lloUPSTNNl2Jo'tl1DSTHSl23o'll•NElTl88t'fliUUl731• 

j"' llDP I 7 3 I R 11 I N • 1 r 1 1111 , r> r 1 1 1 1 ,;,.:;: """' I" d I'.) 11 Dr' r I ?11. TPMAC::<". 

17 lllNOEX,lDOMloLDCASEoSPl'l2o20)oZPl23o2lolCOUNTl23t2l• 
j 11 tl I E ND I , 1 I , 1J1 r , ~Jc; c- r 
1 'i Ht::l'l IN;, lS 
2!l R£AOl1SI 1 1 n t( t T • ~. I , 1 = I , tH> I , '= 1 Ml 

21 DO 3J I=loNDF 
22 J'.\ kKI I •lj[ll=•~L.QAOILDCASE· 11 
2J REAL 1·tP 
2'f --tiS:oM-1 

25 l~BS=Na-1 
26 IHHIS••~RN-1 

27 
' 

N Ll FB 11 ~ :o Ill) F-N IHI S+ l 
28 KK•NB:1 

' !II 

83 29 ! K•Nof 
lJ I DO 90n IE=loNE -

35 31 ! DO 90n J= 1. 'I 
32 KK•KK+l 
33 ! K=K+l 
3q I IFI IS1GC IE•JI ."li:-.01 r.o Tn 9nt 

JS ' 00 902 L=KKoN~ 
36 907! kKIK01 l=O. 

• 
41 37 00 903 Ls Io K 

39 90.): ~KIL•i<Kl:oO. 

39 i HKIK•KKl•l. ' .. 
'10 GO TO 900 
.. l 90~ rtKIK•iJOl=-ISJGI lEoJl•l'.iPI IE•J-21 
'12 900i CONT J ·~lJE i. 

'IJ OET=l. 
--

.... i 
LIO I !R•l,NDF 

47 

-
'*S , !Fl lli.EQ.NOfl GO TO 10 
'16 ' ld•IR+l 
'17 IBB:olR+NBl'IS 81 

'18 lFC!Bf< 0 GT.NDFl ldB"'NOF 
'19 I NCOL L = tHl1¥S Ill 

5() 1 c=2 
5a : 00 8 1sltlolRB 
52 ICC=IC 
53 lflRK1lR•ICl.£~.Ol GO TO 20 

ll7 

5't ' f' ACT=llK I IR, l CI IRK I IR, 11 
SS lf'IJR.GE.NUFunAI t!CULL=Nuf'A-l 
56 00 9 J=l•NCOLL 
57 HKll•Jl•Rt<ll~Jl-fACT•RKllH•ICCI 

81 

58 i 9 ICC1:1Icc+1 
59 I DO 16 J=NJl'IA • 118 

63 

I . 



110. 

6.l 16 RKllt.ll=rtKll•Jl-fA!:J•RKllB• II 
a 61 20 NCOLL:NCllLL-1 ,,., 6 I (21 c .. 1 

6J 10 OET:DfT•rni<l lih 111 
6'1 lf(N£t TS Ef'l.01 r.o Tn I 

• 6S NC0Lf2IW<~A 

66 00 I!:. I =r~DF' A• !1 
t1 67 lFIR~1lR•~COLfl,EU,QJ GO TO ls 

68 FACT=f/KI lRdlCOL'·l/RKI IR.1 I 
3 69 00 I 7 J=NCOLf•NB 

70 H R1..c 1.,11=RKI I •Jl-FAc·r•RKI rn• 11 
15 7 l 15 NCOLF:!llCOLF+l 

72 1 CONT I !JUE 
t7 73 If IN£L TS.EQ.OI GO TO 21 

7'1 l F I :; E 1 T S • E GI .I I r.o TO 11 
:e 75 NCOLf:llBi;A 

76 DO 2 I R=l~DFA •MS 
77 IR A= 111+1 
78 JC=tJCe>LF+t 
79 00 3 I=lRAeM 
8:J IFIRK r JR• ICI .EQ.ul GO To 3 

!5 81 fACT=1~KllR1ICl/11KUR1NCOLFJ 
82 DO " J=lCeNB 
83 " RKCJ1JlcRKCl•Jl-FACT•RKCIR1Jl 
8'f l I Cm IC+ I 
es UET=DET•IRKCIR•NCOLFJI 
8b 2 NCOLF:1·,COl.F'+ I 
87 I l . COIH I r1UE 
88 RKIM11JBl=RKl!11NAllRKll1•NBSI 

83 89 DlT:D£T•IRKlttotJB511 
9() lFINEt TS,EQ.11 GO To 7 

85 91 NC0Lf =!~BS 
92 DO s !R=MSeNOFA.-1 

17 93 ll=IR+I 
9'I DD 6 J:NCOLF•llBS 
95 RKllR,N61=RKllR,Nbl-RKllR•Jl•RKllltN6t 
96 6 11=11+1 
97 l~COLF:NCOLF-1 
98 5 RKI lR,NBl=RKl lR,NBl/RKI lReNt'Ot:FI 1• 99 7 llmNOfA. 

10:> DO 12 J=l~SWA •NBS 
101 DO 13 l=ltNOf 
102 13 RKllo~Bl•RKllollBl-RKll•JJ•R~llltNBI 
103 12 11 2 11+1 47 

1 O'I 21 ro; ( 1rnr t NB I =RK c NoF. !llR I IRK I NDF' t I I 
IOS DO 1 'I I R=NDFS • h-1 
106 ll=IR+I \ -

5t 107 NCOLL:NBd 
l 08 lfl IR.GE.NDF'8~JAJ NCOLL=lluFA;_IR 
109 00 19 J=2oNCOLL 
110 RKllR,~Bl=RKCl~,NBl-RKllH•Jl•RKlll1NBt 

55 111 19 11211+1 
112 '" RKllR,NUl=RKI IR,NBl/RKllR•ll 
l 1 l RETURN 

( 11 'I ENO 

( 



111. 

3 
PLASI •1 •. .&r1rH· 1 I I _£L THAO 

1 COMPILER CXM=ll , s u 8 .. 11" T I tj E EL. Tlt•n c 

J CUMMO;J /EXT/l'!KCJ57t9dl ,, C' ·····································-··················-·· 
!i c SETS 11P OEF OIHIAT I or• ANO !:>Tl rFr.i::ss MA TR I Ct::.> FUR EACH ELEMElllT 
L ,. 

····-~-···················-~······--··-·-*-·------------ -· 
7 COMMO~/ULKl/~l'!O~P.~C0LPoMt'l,31Zl1NF1NDfoUl7Jl,PC7JI, 
!l tf ,4 F I I P ,- ' TC" ' '> '> ,.,.,. PCTf>Mf• 1. u• CT''"""'""' cTDC•'>'>-u• ., #NclNA1151GC231'tl.~ELTS1LP1NB 1 M1ISTOP1MAX1 . ' :> #N~fl 1 N;11E1EP1AE1El•YST~S.~dElMIZJ12!1COOROX!Zli1 

!5 11 # C DORO y ! 2 JI , EL LEN I 2 3 I 1 S EL TI 2 3 I 1 CELT C 2 3 J •Ni.IF At NDFS • ., 11Nt1i\'"t •"t"'"'"·lflf'f1]! NlorJ'),Jt..tf'I"\• nr.111,.,_T'l.l.,:,1 AMr.•lltl\, 

n IJ #Pt'PC3111~L131111LQAOl I0•73110JTl7JI 10ET 1FACT•Sl231'11'tl • 
I 'I II ii I 2 '> 1 " - 6 I - n T <;c I :11. 1 6 1 'I I , ii TC:,.\ I ' 1..1 r.<· • • .c. • - • 1 c'"' a I '> '> - ? 1 • 

10 IS 11DSTRN1231'tl 1UF'STKNl.7.3t'fl o05Tl'ISl2Jo'tl •HELT1881 .. l 10Ul7311 
16 110Pl7J11H:1'N I i) u .. ' p I I 7 "\ I I Mc: I '·I·~ c I ~· • I ., '\ I DC" I I , 3 I '., .~. c: C'. 

17 #lhDEX 1 !DIJMJ1LDCASE1SPl'fZ12011ZPl231Zl11COUNTl23121• 
18 # I EN n C ., 1 l 1 1' t C" , !~ S > c 
19 C 0MMO1J I 0 L K 21 CST I~ S I I 0 1 2 3 , i I 1 E f FL EN I 2 J I , I C 0 L. I 1 0 J t 
2J 11C11 I I 2 't I 1 C t1 I 2 3 I , r> t: I 2 3 I 1 R tJ KC H >' I 7] , ? I • ~ 14 1 ? '\ I RH '4 I ? "\ I • 

21 #011P1231 •RETUIHll i0•23i 
22 CUM"n·· .1iJ11<1..1c:;~p 173,7n I 

27 23 COM110.1/BLK 911BP1 I SHO~ T t I TAB 
2't REAL ,,p 

29 ZS 00 333 I= I• M 
26 00 333 J,. I t tll) 
27 333 HK.11 tJ)=O. , :n 
28 00 2 1E=loNE 

83 29 00 I I I= 11 't 
30 DO 3 r z= I, 't 

35 31 J SllE1Ii1121=0• 
32 c •••••••••• 
33 DO 1 ! 3= I 1 6 
J'f ' 8l IE1Jl1 l31=0• 
35. HllE•1•ll=-CELTClEI 
36 l3l IE1 J t21=-Sf.LTI IE.I 

41 37 BI J E 1 7 1 I I =SEL TI IE I 
la BllE,,121=-CELTCIEI ----
39 bll[t]t3l=l· 43 

'IJ lll lE• 11'tl=CELTC IEI 

.. ' !JI IE121'tl=-SELTC If.I 
'+2 811(11 •Sl=SELTI !El 

47 '13 dllE•21Sl=CELTl!EI .... IHlEt-.161=1• -'15 c •••••••••• .. 49 

'+6 SllE•J•ll=EAllCJ/ELLENll>l 
't7 SC IE12tZl=l Jl,•Rt::I I 1£11/E:LLENI IE1••3. 51 

't;J SI IE• ."II 1 2 I= I -b, •RE. I C IE I I/ I:. LL F' NI 1EI••2 ~ 
'+9 SCIE1<t121=511E•3•21 63 

s CJ Sll£,7,Jl=SllE13t21 
51 511E•3t31=C't,•RElllEll/ELLEUl!E> 
52 SC IE1<1.Jl=C 2,•RE1 I !El llELLE~ll ie:J 

7 SJ 511E•71'tl=SllE13121 6 

Si SllE•3•'+1=51lC1't•3) 
SS SllE•'l•'ll=SllC•3•31 -
56 c •••••••••• 

' S7 00 " l :r I. 6 8 

SJ DO .. J"' 1 • '+ 
S'1 BTSCJi;:tl1JJ:tO 

63 



112. 

'+ llTSI lfo I •Jl=uTSI IE.• l •Jl+1111c•L•l l•SI llO•L•JI 
1----~-------~U~0~5;:a.__il~=~ILL•b.._ ___________________________________ ~~---

ll0 s J=-1•6 
._ ___ .1!..:JL_ ______ Jl,Ll TL._s;.LURl_Jll-J_,J>l..t...=.l=J.1.-n __________________________________________ ---··-

0 iJ S L=l•'+ 
l----!!...l!-------E!S-l:H!.JTL.Si!..U12-1.l Jl....!•c.iJLLI =:!..t:.B..1.f_.::au;fl>-:ILLI -'-' _..J_,l_,+::.;1,_3TLi1.S...1.l-.1!_.E.J•~I .L• 1-1 _,_l..,,•ctP._. IL.LI ~E.i•-1.I -''L-..i-11'-----------------·------·-__ 

00 2 1=1•2 
1----..._.."-------~ll~IC.=Hii£AMI IF. I I 

l)U 2 J=l•2 
tJC =NB- 1'111 If:' •. I I 

IFl~C.Ll,MCI GO TO 2 
1~1lF: I ··II"'- I I •tJ• 
IWF:;: I :JC-11 •flF 
li·•F•l T-l lelJF 

Jfff: I J-11 •NF 
l-----'WL-------1'!0~0~71'..--r.....:'=-'l....!'Ll~:tJJF":__ _______________________________________ _ 

LK=:-t1JF+L 
LE=tNF+L 

UO 7 LL=loNF 
LLK =N 1·,f' + l 1 

IHLLK.LT.LKl GO T'l 7' 
LLl;:Lt K-LK+I 
LLE:J;Jf'+LL 

C ········••••••••••••o•••o•••••••••••••Ct•••••••o•aoOa•••••"'•O.mO 
C lLEME,H ST1Ff'NES~ :1ATRICE.:S ASSEMbLED HHO THt. SYSTEM STIFFNESS 
C MATRIA THE Uf>Pf"rt TRIANG1 E TC:. STnRE"D Ir! COLUMN<: FR011 IJIAr.nNAI 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• l<KIU ... LLKl=RKILK•LLKl+BT<;(jlJ E-1 LFI 

7 CONT l 1WE 
2 CONTl•JUE 

00 6 tE=loNF: 
IC=~HL1+I IE-11 •'+ 

.-- IIENO:l 

1----=...!...-------!.I :..:.R.:=J...:: tN!..61 J;uE:.:A::..M:.!..t-1 ..!..l.=E..::•~lc.!lc.iF~t"'~D"--'-l-=-_.1_.l__:•'-'-N!.JI •-------------------'-------------·---·­
l> O ~31 l=loNF 

1----~-------.!:ll.::0~2~· 3:!.·L-1.::J:..:=::..IL!..• .!.'+------------------------------------·-·----
23 I f!K(JH+IolC+Jl=•BTSllEol1JJ 

I I EtJD: 2 

uo 23:? JJ=l 1't 
232 f<t<IIR+Il-3o!C+JJl=•BTSl1Eolt•JJI 

3't7 
6 

9 

ll~=fw~+IIE-11•'+ 
DO 3'17 l=I•'+ 
DO 3'+7 J•"1•'+ 
HKCIR+l•IC+Jl=SllE•loJI 
COl~T l 11UE 
N=Naw+i+•tlE+I 
00 8 I=d•NOF 
lFlisclll.EG.11 GO TO 8 
00 9 ,1=2•N 
RKIIoJl=O, 
kKCl•ll•I, 
11:11-1 
IK=2 
j.J:ai•:JB\11+1 
lFIJJ.LT,11 JJ:a1 

'· 

1---~=-=--------=-0.:0~1!..:0::._.!.l.:J~=:..:l:_;I:.__:_• ~J-=J...:•_-_I:__ _________________________________ ... __ 
HK(lJ.IKlao. 



113. 

3 

1----lLl.._.,l __ ____l,~tL) __ ~luK~="-'-lilK~t~l~--------------------------------------------
8 121 t.I CUf<Tl:JIJE 

!----'-·-"-~.,_..., _______ _,_tt,_,t;.~· .,_,_~......,_, 11~-"',.L___,JLt;..__ _________________________________________ _ 

12.l llRITLll~I llHi<II•JleJ=let<dl,l=l•MI 

__ _L=1,_'IL--------''"-{,,,_L_._T...,uut:~u' '-'-----------------------------------------------------
11 125 EllD 

11 

.____ ------- -------------------------~-

3 

15 

!--------------------------------------------------------·--- ---··--17 

!------------------------------------------------------ -------------:11 

21 

23 

!5 

~I 

29 

' )1 

33 

35 

17 

89 

41 

43 

45 

47 

49 

61 

63 ..___ 

55 -------------

67 

59 

61 

63 
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Pl ASI '"•.A.Cl?t 111 
1 c ., r 

3 c 
•J 

s 
,_ 

7 
-~ 

'1 
lJ 
l l 
12 
13 

I '' 
1::; 
16 
1 7 
I !l 

1 '1 
2:.J 
21 
22 
23 
2~ 

25 
u. 
27 7 
2il 
2'1 
.}J 

31 2 
32 
33 
l'I 
35 
30 
37 
313 
31 
'10 3 
'11 
'12 
't3 
'I 'I c 
't5 c 
'16 c 
'17 .. 
'it) 

'19 66 
Sil 

., Si 
52 
SJ c 
S'i c 
SS c 
s~ 6 
57 1 
SU 
59 c 

114 • 

--·· ----
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llUP I 7 3 l, RM IN, I lliJM •PI ( 7 31 M<"1,h1Col'"Al"J1) <><" 1 I 711 l Pl-I-' SI'"• ----
lllNDEX,IDUMl•LUCASE1SPl'l212011ZPl2312111CuUNTl2312)• 
"'£NDl?1)tNI ;- llC::.,.r 

C011MU;J/aLK2/CSTr1s' 10. 23' 't I. EFFLEN 123 I; I COL (I a I. 
II CM I I 2 1 I t C ~1 ( 2 3 J t n i- I 7 .1 I ~" ''' r '" v I ? 1, 7 I , I\ M I ? 1 I • RM M I ? "I I • ----
lllJMi>l231 •tl£TUl-<IH IU•231 

co11110 ,J t:BL.~ z.-:1..~ R res --
C 0 i'l 11 U './ 13 L K 8 I U £ F I I 0 • 7 3 I • 0 U' C IW l 2 0 , 3 I , NCH U • i~ CH • D E F CH I 2 0 , 3 I 
RE Al ·•P ·-
IC.IJM=n 
1)0 7 I= I NDF 
U II I= ;1K11 , NB I 
uo I rE=l1NE 
L=O 
00 2 .1= I• 'i -
f'STRllc IE•Jl=u• 
,J J I ='I • I E + ND F - 1 -----
K='l• 1 £+Ni.If 
PSTRl~1 IE•Jl=1~KIJJI oNfj) 

PSTHNctE•'tl=RK(KtNBJ 
00 3 I= 1t2 
ll=CN~EAMllE•lt-ll•Nf 
DO 3 .l= It IJF 
L=L+l 
UELILtzRKlll+J•NBI -uo 'I r = 1 •'I 
STRNI !E• I l:O, 
DO 'i J= l •6 

••••••• -
STRAINS 

' ••••••• 
ST ti tH t E , I I =ST R ti I I E • I I +!:I I I £ • I • J t •DEL I J 1 
uo 66 IY=J•'I 
ST R fJ I I E • I Y I ='.>TR N I I E t I Y I - PST~ N I I E , I Y ) 
uo 6 I= I• 'i 
STRS( IE• I l=O, 
DO 6 '"'' '" •••••••••••••••• 
I NTF:R•J.\L FORCES ·-.............. ~ .... 
STRS It E •I I =S 1 f(S I IE• l l +SI IE• r •JI• S TH~ I IE, JI 
co;n I NIJE 
IFIINoEX,EQ,11 CALL OUTPuD 

···························••! 



a 

I 

t 

11 

• 
ti 

( 

t7 

\ :t 

21 

13 

' • 
" 
• 
" .. , .. 
• .,, 

i... 

• 
< 

41 

. eta 

" ( .., 
\., Cl 

It 
( 

13 

t ea 

" ( • 
(" 

• c 
.. 

60 
61 
62 
63 
61f 
65 
61. 
07 
68 
69 
70 
71 ,, 
7J 
7~ 

75 
11. 
77 
78 
79 
aa 
81 
82 
83 
S't 
85 
81. 
87 
88 
89 
90 

9J 
9't 
75 
96 
97 
91) 

. 99 
100 
Hll 

c 
c 

c 
c 
c 

. 
12 
1 l 

c 
c 
c 
13 

lfOO 

10 

1 If 

9 

as 
8 

, 

OUTPUT RESULTS OF ITERATION ...................••.•...... , 
OU •' •E=••"" 
DO ll l=lo'f 
11=•-, 
SA=ABSISTRSllE•lll/MPCIE~lll 

······································~·-Cttl:.CK TtiAU Y lELO HOMl:NTS ARE UOT EXCt:EDEO 

···································••••*• lflSA,LE.0,219291 GO TO 12 
lflSA.GE.0,2't29.AtjQ.SA.tf.! CIOOI! GO TO II 
IflABSISTRSll[•Jll/MPllEollJ.GT•0•92991 CALL ITED 
lft1c;,.1J<;l11'".ll•a<.:Tl)rJ1IE.111 IT n n, rA11 rTl'"n 

.CONTI &HIE 
lfl 1;~1>l"X l'"ll. 1 I IDUM••I 
CALL ouTPUD 
lflNCw Ell.DI GO TO a", 
PRINT 13 
••••••••••••••••• 
OEFLECTIOU CHECKS 
••••••••••••••••• 

115. 

FOKHATllH 1///11flX1 1COMMENCE DEFLECTION CHECKS 1 1/1'flX1261,••11 
PRINT 'fOO ' 
FO~HAT(IH t/olf5X•'AT ULTIMATE LOADS 1 1 
.DO 9 I" I. N!"HU 
J•IOEFCHUlloll•il•~F+DEFC~Utl 1 21 
JJ•OE<rHUllol) 
PRINT IO•JJoOEF1lPHASEoJl1DEFCHUll1JI 
FOllMATllH o//SX,'l'>IODE •,12,1,r;.v, 

# 10EFLECTION IS 1 •E11.6•10Xo• PERMISSIBLE ! 1 tlX•Elle61 
1 F i ( A 11 5 I 0 E f' II PH AS l t J II • U E F C 1W I I , -q 1 , c; T - n I P.R I tJ T I Cf 

FORttATCIH •' EXCESSIVE DEFLEtTJONS; STIFFEN STRUCTURE•J 
IFl(A1<S(Ol'"F'llPHASE.tJll-Dl:.FC11u11.-:i11 r.1- nl <;TOP 
CONTllJUE 
DO 15 tE•l1NE 
DO 15 l•lt'f 

· CSTR:.fJPHASF'olE.ll•STRSI IEotl 
CONTINUE 
I P•IAS~"' I PHASE+ l 
lFllPHASE,GT.~LCI .CALL CHECK 
CALI roNTRL 
END·_ . 

-..:: . -
. 
' ·-
~ 

·-
" 

•· 

, .. 



a 

II 

1t 

. a 

11 

1? 

ll 

ll 

• 

• 
( 

( " 
• 

( 
'1 

( 0 

( Cl 

( 
SS 

J 

7 

9 

11 
12 
13 

15 

c 

COHMO•i IEXT/l<KI 1!:>70981 
••••• •••••••••••••••••• • 
UUTPUTS RESULTS Of A~ALYSIS AT ~UkKING AHO FACTOkED LOADS 
••••••••••••••••••••••••••• 
c0Mttu111ULK 11 :-.ir.o ,;P, ·1c oLP 111P c 2 3, 2 1 , ur, 111or, u c 13 1 , Pc 131 , 
,., . 

# "HH~. I I s I G I 2 3 ... I • N l LT s I L p • I~ B • M I I s T 0 p I MA x ' 
R 

#OSTRNI 23•'tl 11.1PSTRNl231'tl 10STttSl23o'tl •NELTl88t'tl ol.IU17ll 1 
#0 I Rn D 1P 

17 #INUEx.1uu111.LOCASEtSPl't2o2011zPC2l1211lCuUNTt2J1ll1 
l IEN 
19 COH110u/8LK2/CSTHSll012lo'tl•EFFLENC231tlCOLl1011 
2J #CMlC2'lloC~ JI• El D H M 
21 #011P.C2.'ll1RETUkNll012JI ' 
22 COM 0'1/8 /:JCF l 0 • J • 
23 CUMHOw/8LK9/lttP,IS~ORT•ITAB 
2't REA 
25 1Ff1Nu£X,EQ,loAN~olBPoEQ,l,ANO,IOUM1NE,-ll PRINT 221IPHAsi 
2 FOR A H 0 0 
27 IFllNOEX,H.il GO TO 16 
28 IFI D -1 ll O 6 
29 PnlNT 
lJ 21 FOH!1A 1///1 7lCo 1 SO N 'T l'I RK 
31 DO 17 JE:ol1tlE 
32 00 7 J= ... 
ll STRNCJEolJl=STRNllEolJl/HLA~OAllPHASEl 
l't STRSI tEolJl=STRSI IEolJl/tiLA 10AI I HASE 
35 17 CONTI NU~ 
lo 00 166 l•lt!WF 
37 uCll•uCll/RLAHOAllPHASEI 
3a l 6b ,, CONT I NUE 
39 OU 12 JE•l1NE 
't:J 00 12 IJ•l1't 
'ti 12 STHNllEolJ1=5TRNllE1lJl+pSTRNCIEoIJI. 
'+2 16 CONTINUE 
'tl lfCIDuHoEQ,-llPRINT 18 
't't IFCINoEX,GT.11 PHINT 18 
'tS 18 FURl1ATClHlo///•<t~X1 1 SOLuTloN AT FACT~RED LOADS'I 
'+6 PklNT 11.INOEX 
'+7 FOKMATCIH 1IRCSULTS AFTEN 1 1JJ,2X1IJTERATIONS~~ 
'+8 PRINT 6 
~9 6 FORNATllH 152X•1~0DE DISPLACEMENTS•o//1321• 

116. 

so # 1NOQE11lOX0 1UX 1 1l'+X. 1DY•1llX1fR01ATION 11/I 111l-----....;;S~l:.._ __________ __:~U,,..;:.0..::.:::7~f~•:...::.l~t~N~N~::.::.-.!_:_:..:.:...:._.:.:..:. __ ;_:_.!..!l..:...:~:...:..:..:....:...:...::.:!..-=..=--:. ________________________________________ _ 

52 NR•c1-1l•NF nl--~~;.:..~~~~~-.:.:.:.:....::..!...!.::..!..:~'.!-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
SJ J•NR+1 

( llll-----.-.;S~'t------------__.:L;•_N;:.!!.R~+~1----------------------------------------------------------------------------~ 
SS K•NH+J 
56 PRINT 8.Cl1UCJl,UILl1UIKll 

( l1 5 7 8 F 0R11 A Tl 1 H • 3 3 X '1 J t 6 X • E l 0, 5 • 2 I S X 1 E I 0 , SU 

Ml.-----~s~a~ ____ _!,1 ____ ___:C~~;N:;.!..T~l~1i~u:E.,,.-----:~-=-:::-:-'="-,,.------------------------------------------------------~ 
"" 59 HllS11QRT,NE.ll PRIUT 2 



117. 

6J 2 FORMAT I I It , I t S 1 X t 1 11 f; ti R £ R OEEQB~AIIQNS~1llZZ~• 
1; 61 fl 1 £LE Mr NT' , 7 X • 'AX I AL'.• OX t t TR A NS V Ell SC' • 6X, 'THETA CA I ' • 

62 tt 7 X • • T •i F" TA 1 n I • , I 1 

63 lflIS,;ORT,NE.11 PHINT 3tCllE•STRNCIE•lltSTRNlfE1ll 
6'f lloSTRN1IE•J!1~TRUl!E111l1IE•1•tlEI 

n 65 3 FORMAH lii o2'+X•l3t6XoE10,S•SXoEluoSo6XtElO,So 
66 #SX•£1n 

!> ' 
1f 67 5 FOrit1AlClH olOX•l3•6X•EIU1S•SX0ElO.StoX•ElO,St 

69 #5XtF'ln_5,r:v.E1n_5.q11,F'ln 'ii 
a 69 P

0

RlNT .. 
70 ... FOIH1ATI IH • I • 5 0 v •• I ti T F' R fJ A I MOr..J:' ~-n11r~·c: • ,. , , Inv. 

!II 71 ri ' ELEM E: :~ T ' , 7 X • ' AX I AL ' • l (.) X , ' S ti EAR ' , 7 X t 'BEN 0 I NG C A I ' t 
72 11 !> X • • Y 1 F' LO Mn M I A 1 •·, ) X , • 13 F "DI ,JI; 111 I • ... 11 , • v 1""1 n Mn" 1 n 1 • ,., ,, 
73 t>R 1 IH S•lllE•STR511EolloSTRSllE•2>•STRSllE•3l1MPCIE1llt 
7'f Its TR 5 I I J:' ... I • 'if> I I,,. • 2 I I • IE= I • NJ:' I 

Ill 75 If I 11~ OE X • li T • I I GO TO 768 
76 IJO 93;) I= I, NOF 
77 932 OEfllPHASEtll=UCll 
1a IFINCH.EU,OI GO TO sa 
79 IFIJOUM•EQ,-11 GO TO 88 
80 PRINT 133 ·• 

!I 81 133 FORMATllH t///t~lX•'COMMLNCE DEFLECT Io:~ CHECKS'•lo'llXt261!•'ll 
82 PRINT 'l'fO 
83 .... 0 FORttATllH ,/ .. 16X• 'AT WORK ING LOAos•t 
a .. 00 937 I= l tNCH 

• as J•IDEFCHlltll-ll•NF+OEFCHll,21 
96 JJ=DEFCH CI• 11 
87 Pri I tlT 107btJJ,DEfl IPHllSE,JI ,OEFCHI I •JI 
88 1076 f'uRt-tA TI 1 H ,//SX,•NODE '112t/1'iXt. • 8'1 tt•D~f'LECTluN IS ••Ell.6•!0X•• PERMISSIBLE :'tlX•Ell.61 
90 lfl IAHSIDEfl lPHASE.tJI 1-Dt:FC,~I I 1311-'iT QI PRINT 1so;. 
9& lSS FORMAT I ltl ' ' EXCESSIVE Dt:FLfCTlONS . STIFFEN STRUCTURE•J . • 
92 937 CONT I rlUE 
93 8& lfl lNDEX,EQ.11 GO TO 19 -9'f 768 PWINT 9 
95 9 FUHHATI lH t/oSJX•'PLASTIC RoTATIONS'•l•llX•'fLEMENT•• 
96 U3ll••NoOE ENO'' 1nx' 'TttETAIPl t 1/ I 
97 ll•O 
98 193 11•11+1 ,a 9Y IF'11.GT.NEI GO TO 1Y9 

100 IFCAB<;IPSTRllC 11,311.LE.1.E-11.AND A"SC<><;TANI 11.141 I· 
101 llLl:..1.F"-81 GO TO 193 
102 PRllH 101IN13t:llMIII•lI1PSTRN1Il131111 tNRF'AMI I l t211PSTRN( TI ... 11 
IUJ 10 FORttATllH •'+'+X•IJollXoElO•S,/,33Xol3•/•'fSll• 
I O'I nll•llXtElQ,51//J 
105 GO TO 193 

,. 
106 199 I Fl l NiJ EX , GT• I I GO TO 2S 
107 19 IFC 1uur1.EQ,-l I GO TO 25 
1 a tJ DO 20 lC=I oNE 
109 ilO 20 1 J:. I • '* 
l Io 5.TRNI !E• lJl:sSTRtJI IEo lJlitf!LA;ll>AI lPHASEJ 
111 STRSllE1IJl=~TRSllE1lJl•RLAHOAllPHASlt Ill 

112 20 CONT I rJUE 
11 J 1)0 255 l:sltlWF 117 

ll'f U I I I = IJ I I I • R LA t10 A I l P t1 ASE I 
115 255 CONTltJlJE 
11" 2!:> Cl.lNT I 1~UE 
l 1 7 llJUHao ' et 
I I ll 00 IS IE :s I ttlE 
119 00 15 , ... ' .. 



118. 

----·---·-·-·--·-
3 

LU_ 12 C:>T11s11P.!.L!..SL.!....U:..11=srns11E, r 1 ---·--
5 12 1 0 lJ I'+ 1=1.rlDF 

122 I q llEfl l1>llASF111:(11 l I 

12l uu J'I I= l, NOF 
12 .. If I Al:l<; I U (I I I ·:>E.lt'ill'llllU q'\ --··-·--··-

9 12:.i 9J F01<HA TI lH o///o<tuX•• SECT I O:l !:ii ZES lllAOE•JuATt:! o/o 
l 2.;. ll'fll\o2-+l'•'ll 
127 IFtARs1u1111.bE.1.s1 STOP 
12n lfl IN:lEX .GE.SI r> f\ l.'jT I A'7 -·-

3 129 1117 FORMAT 1 lll •• Sl.lLUTIOLl 110 i OrJTAINEO AFTER FI VE I Tt::RAT IONS t l 
l 3 :J If I INiiEX 1 !,if,SI STOP 

15 1J1 l'I CON Tl 1•:.JE 
132 RE -ruR iJ 

17 133 Er~o 

·-
:11 

21 

l5 

----

83 

t 35 

J7 

811 

47 

51 

" 
I 

57 

81 



119 . 

. , ... 

~--·--- ·---- - -
3 

Pl A SJ..iLui Ll t E I I I • I I EI) ----
6 I CUMPILErt tXM=31 

) s u ll ll u , , I I :!L-1.1-E..D_ 
J UJllM01: /EXT/ICK(J~7o9ul 

I- .. c •••••• f •• fJ ••• •_.!._!: •••••• ¥ 4 Q • 9 I f I • 0 9 ! 4 •• •.AJ..t_!__f. 0 I f • 0 f • 

II s c I TE Fl AT IO 1• PkUCEOUrtE IN ~1H1C;i SI <iNU11 fu'lCIION 
1. r Is 11:;,c I ',ill( D 8 llAL.UE llCCOllLl I ,Ji; IQ IUE SIG 1 QE ,, 
7 c Htt:. ElpiD 1 l•G MOPfilT AT A P•ll:IT 1 ti T!IE ST !WC TU 1< E 
.t c UN Or 11 ,;111 ru; (l 11 ll r; Q lfI IQ 111~1H •1uo e1 ll S [IC [ 1 E Lllfh1A I I llril -----

:3 ? c ••••••••••••• 0 •••••••••••••••••••••••••o•o•••••••• 
l.J cu MM o '.". H L K 1 / ri R -J If P •. 1 c Q !. P , [j e 1 2 J , z 1 • rJ E • "!, c , 11 1 1 3 1 • e 1 z 3 1 , 

15 11 It 11 t. • IP 1 LT 5 I 2 J • 'I • 2 I • t' ST R IJ I '/ 3 • 'I I , $ T 1< tJ I 2 _, , 'I I , s TR$ I 2 3 • '+ I , 
'., . ' 11 iHh~ A • I c; I 4 I 2 3 • '! I • lff LT S • 1.£_.i...!i.!i....J I SI 0 p, MAX , 

17 13 11 ilii.l, ;i iJ o E • E f' •Al• f I • Y SIRS• IHll AM I 2 3 • 2 I • C UOR.) XI 2 JI • 
I~ 11 cu o Ru i 1 2 3 1 1 E i. LE 1i 1 2 J 1 • s EL. r 1 z 3 1 , er;: 1 r 1 .z J 1 otLi E" • • rn Es • 
IS lllWiiS•11[)Fd1IAt lflCI 731,ill dl2t l JUCl.lJ oPPI 10,J;il okLAMOAI 101' 
16 11 PPP I J I , ti L I 3 I • ~J L 0 A 0 I I iJ • 7 J I o 0, I I I 7 3 I • D f T , f AC J_!._5._LZ.~ I • 

21 1 7 11Rl23•~t6ltATSl2J•b••l•OT~bl~16l•UELlbltALPHAl2Jt21• 
Ill It l) s TR N r 2 3 • '! I • u f's I H f'J I 2 3 ... I • 0 s IR s I 1. j • 'I I • t·! c Lt '·a B • 't I • &) u I 7 3 I • -·-------·-23 19 II ll I' I 7 .1 I •I~ 11 IN , I iJ ~ :-! • f- I I 7 3 I •MS• 1J 1J:,; • t: 1; I 2 3 I , :~ E I I 2 3 I , 1PtiA5 Et 
2J ll IN 0 EX , I DU r11 t I.. ii CA S [ ~SP I '+ 2 o 2 0 I • -;: e I Z 3 • 2 I 1 ICU U :·J T--.L.£.1..!..2.J._!_ 
21 111£.NO(]Jl•tlLC•tiSrc 
22 Rt.AL i;p 

23 uo I !E=J,NE 
2'1 i.J{J I I =3 • '+ 
2S 11=1-2 
26 I f I S I ,1 5 I I E , I I IMP I 1 E 111.r~E.n 999 A iJ ~> 1Prrfili..l IE• I 11.GE.a .. ,~ -
27 " 1s1c.r1Edl=I· 11 

2:.J If ISI,;S( 1Et l l/,1f'( IE. I l I .LE.-0,999.A:rn. lPSIRNI !Eo I 11.LE . .Jl OI 
33 29 " lS!Gt!E•ll=•l, 

3'l I f I 1 S I G I I E , I I , E <) • 1 , AN Ii • Pc; TR~ JI I E , I I • LT . 0. t PSTIPJl!Etll::Q_, 
31 lfllSIGllEo! l•EQ,-1,ANO,pSTR~I IEtlloGf.o;ol 35 

32 "P S T ll N 1 I E • I I = U • ----· 
33 I CUNT I NllE 17 

3'J INOfX=ll'HJEX+l ·-· 
JS CALL SOLVED 
36 CALL STRSIO 

41 37 HETUIW 
38 ENO -------

mPIH•S ADPf.SOHTo,cONTRLt•CHfCK•.HE"SEC 

47 

\ 411 

51 

53 

' 65 

67 

511 

61 

63 -



120. 

----- -·-
a 

l'L1.!>L:l•~DPFI 11 so1n ---·----
l cu11P1LE!i IXll=JI 
2 ~ u t1 llO II T I "E s u I( T -
3 C U~H1l.> •1 IE x T /Iii<' I~ 7 I 1 <i l 

'I c •••••••••••o~••••••••••~ ----
5 c CHOOSE SUIT.HILE St:CT I Oil!> 

6 c •••••••••••••••••••••••• -
11 7 cu1·IMu11/!JLI: t /NHO;vt', ICrJLP 1111' 1231 211Nf·1Nuf' 1U c 73 l 11' I 731, 

I) 11 •It:: • I f' ,-1 TS 12 1 1 'I • ., I 1 PS I IW I :t. 3 1 '! I •ST ':i Ii I :? .J 1 ~ I 1 SI I<~ I 2 3 • ~ I 1 

8 9 11 tit>" A• IS I GI 2 3 • '11 , 1-1 l LT'.> t LP, II B 1 :11 IS TOP 111 A JI, 
I 0 u II ti.~ 1 IJ jJ t E 1 E P, i> ( • E I 1-1.!il.R St N t:l E II d I 2 3 1 2 I 1C0 :JJ1ll.X..l.2.J_' 

15 I I llCU0RUYl2Ji 1ELLEN12JI 15El-Tl2JI ;CELTl2311:1DFA1uOfSt 
l :> ·#f·Jl:l,VS 1 l•Df"rh1A 111.- 1 1 3 1 , 1J 1 1 11 2 • 1 1 a c 1 J 1 , e e 1 1 , 1 , z a 1 , H 1 A th1 A 1 1 o 1 

17 13 n,.. f' I' ' 3 I I .1 L ' 3 I • \/ L 0 Au ' l u • ., 3 I I 0 i.J r ' 7 3 I I DE T ' f Ac; T I s I 2 3 I 'I • 'I ) • 
I i nu 1 2 J , " 1 ti 1 1 n Ts 1 2 ~-· 6 1 " ' 1 a T" u 1 L , " • , n • 1 r " 1 1 • • ,, HA 1 :J 1 • 7 1 1 

.o l !> 11USTRN1231'1l1UPST~Nl2J1'll1DSTRSl231'1)1NCLTIOB•'ll10Ul73)t ' 
16 II u e I 7 ~- ' I R M r IJ ID '.J 1'l Ip I I z 3 I 111 s I IHI s I E Ii I 2 .3 I • 'l c I I z 3 I I I~ 11 As E I -·--
17 lllhO[X,JDUMl1LDCASE1SPl'12120J•ZPl23121,ICUUNTl2J•2l• 
1a lllENOI ;1JI 1;11 Ct:JS<""C 

19 C UMMO .i I SLK 3 / t1L0f CT I 3 0 I • llL I • fJLUf C 1 I 3 0 I 1 AL Uf CT I 30) 
2J COMHO~/OLK6/~SP123•201 

!5 .! l CUMMO~/t:lLK7/LCRTCS 

22 C U'1M U :I/ ULK? /Iii f' JS,lQ~TtlTAn - .. 
2J UIMENSJll.1 ZZ~l2Jlol5~Cl23) 
2 'I c ' •••••••••••••••••••••••o•••• 

29 2!> c UETE;;,.1lt1E CtdTJCAL LOAU CA:;E 
2b c •••••••••••••••••••••••••••• 
27 If I ID u :1 • t: ;~, I u u I ~o TO 3'15 7 
21 llJllM=n 
2'1 IPHA5.c=I 
30 HEAL I-IP 

35 31 tJUM:.t.E30 
32 [JO 3 I= I• l~LC 

)7 33 I f I AL iJ f C T I 1" • b E , DU :1 I GO TO 3 
l'I OUM:At.OfCT I 11 
JS LCt<TCS:s I 
36 J CONT I 1JtJE 

41 37 I K = 1 
lll IJ=J .. 
l9 c •••••••••••••••••••••••••••••••• 
'f:J c Ot::TEK;·l f IJE YIELD t10!!Er1TS t<EQIJ 1 l?ED 

45 .. l c --•••••••••••••••••••••••••••••••• 
'f2 00 2 IE= I• NE 

47 '13 ti P I I I:: , I I =:-IP I I I:: • I I • I 0 0 •I AL D f CT I LC Fi TC S l 
'f<f 2 corH 1,.uE 

·-
'IS lfl l!:>HORT,EQ, 11 GO TO 10 411 

'ft. PRINT 9 
51 'I 7 9 f UK!1A TI I H 1 /// 1 I I )I. 1' YIELO :f UM EN TS Rl::GU IHL:O' •It 

iS 11 'luX, • ELE•1EN T' I -
'19 Pt< I tll '/1 I IE •!IP I I E • I I • l E =I •fl I:: I 
so 'f f01<i1AT I I H t'flX•i3•12X1Elle6,/I -
SI 10 t<t:: <I IN~ 12 
52 Rt:.AOIJ2dJOl I I SP ( I 1 JI t J= I • 20 I • I= I 11ISr.C I . 
~3 100 fUHMATI I 
!>'I l'fS7 Pt< I NT 3'156 . 
;)"j J'f Sb fl) HM AT I l ti I • 11 t '19 X 1 .' •) ' • I 1 't 0 X , ' < ' • I 8 ( 1 - I I 1 ' :;> ' t 
:;o U//'IJa,2o<•••l1'IX1'A't/1'tOX••••·lbX•'···'IX•'!•1/t -

8 I ~7 ll'IUX1'•'•lJX.·~· 1'IX•'!'•lt'tUXt¥('••)12X19( 1 •'),'fX1 
':;J ll'!'1b(/1'IOX•'•'12X•'•'1l'JX1•!•I•/• -
59 ll'l'tX, t --->• • < - - - T l 1 • 6 X • t ! ' , l X t 'H' t 2 U X 1 t :i ~CT I 0 il t'ROPl:llT I~ ;i', 

-

I 
.•. __ .. ____ _ 



123. 

8 
6J lfllt:IP.EQ.JI LDCASE=!PHAS~ 

' 61 lflJSp,EQoll GO TO 99 
62 I f I I !Hd.Hl • E f.l • I CRT CS I r. 0 T n u n n 
63 lflJP1JASE,GT.ll Pf< I NT 2'+0. LDOUH 
6'f 211n f'OflMATllHJ,t Lr.AO l"A<;Et.lv l?el•.t MllC:T "l'lW Al'" rMF"rll'.l"nt I 

65 lfllPllASE.GT.11 GO TO 99 
61. 99'1 CALL r-1 THAD 

11 67 IF IRMH.j•Ell.11 PRINT 3 
6a J FOHMATC lti ollll 16X·' MAuq.jr nr>TAl!Jf"ll Mr:",J C:l'"rTIQtJC: TMl'"t 

a 69 •• STt<uCTURE 1~UST BE HEANALYSEU USING OEfORMATION THEORY•1 
7J 99' l>O 7 7 I= I NOF" 

15 71 77 U I 11 =n 
72 DO A8 IE'" I , NE 

17 73 00 88 J•I, If 
711 PSTRNt IE;Jl:O 

:t 75 STHNC IEoJl•O 
11. STRSttF'eJl=n 
77 ISIGC IE 0J)::1Q 
78 88 CONT I 1JUE 
1 'I lfl ltlp,l~E.1,AND, IP!IASE,GTo l J .LOCASE=LODUH 
3J CALI c;:OLVf"n . 

\ !I di CALL STRSTO 
82 Rt.TUHN 
OJ ENq 

\ l1 .. 

aa 

'· J7 

• .. 

41 

·. 
( '3 

• -

47 

' 51 . 

tl3 
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3 
PLASL:teADPF I 11 Ctif'CK 

5 1 C01'1PitERIXM=JI 
2 SVtlR011T I tlF" CH•:·rv 

J COMMOIJ IEl.TIH"l JS7•9UI .. c ·························••t•t•••••••t• 
9 'l c CHECKS THE CtW I Cl OF SEC JI O:lS ACCOIW I NG 

t. c TO Ttli' A.1.s.c 1 S P E C I F I C /1 T I 'ill c:;. 
11 7 c· ••••••••••••••••••••••••••••••••••••••• 

J COMMu1u:.lLK 11NRO"P, dCOLP, ... p 103.?1, N>, i;11i:- ti( 7 31 "I 7 J l, ·----
3 9 "Nt: • 1PrLTs12J.'+•21 , P s T n tit :t 3, ~ 1 , s T r1Nt2J,'l1 , s TR s 123, •11 , 

l J 11 rh1 'u , 1 s 1 G 1 2 3 • '+ 1 1 "'EL Ts , L r~M t 1 s 1 u e , M 11 x • ·---Ill l l 111~ 1H1 , N .J , E • E P , A E • E 1 , Y s T R s , rHI 1:. A11 1 2 3 , 2 1 , 1. o o rrn x 1 2 3 > , 
12 II c 0 OR ll y I 2 3 I • c LL E f·JI 2 3 I I s EL T ( 2 .,, • c Er T I 2 3 I ';rn FA ' ~· 

17 13 . II• j ti ii s I I J 0 F i3 "'A • I (} c I 7 3 I ' 'I I ' N 2 I I I tic I 3 I ' pp I l u • 7 J I I KL A.., lJ fl I l 0 I ' 
l't 111' pp I 3 I ''ti L I 3 I ' .1 L ''A (1 I I ll • 7 3 ! I 0 :J T I z 3 I '1.1 FT IE Ac T '5 I 2 J I 't I '+ I I 

:11 ' ;) 11u123,q,blt8TSl23•6•'ll1BTS~lb•6l•OELlbl•ALPHAl23•21• 

'6 11usT1rn ' 2 3 , 'I 1 , o ,, s TtHll 2 3 , 'I 1 , o s I H s I z J, ~ I •lJJ:.L.I 1 a R • ~ I •Pu I z J I 1 
17 ,, D p I 7 3 I ' R l·I I N ' I Ju M I p l I 7 3 I I H s I . JU s ' i-.: A I 2 1 I di c I I 2 3 I ' I p II As E • 
I !I II I 11 0 E }( I I 0 u :1.1 I l. u c A s E ' s p I •• 2 I 2 0 l I 7 p I 7 3 I 2 I • I ,. 0 u N T I ? .l ' :t I ' 

23 19 11l£.l1QC 731 .:JLC.tlSfC 
2J c u :1rw111 t3 L K 21 c s T R s 1 1 g, , 2 3 , ~ 1 • r f EL. Er-; I z ~ 1 • I c Q L I l Q 1 • 
21 11C111 I 2 3 I 1 C :1 I 2 JI • P £I 2 3 I t U U I\ CHK I 2 3, 2 I , UM I 2 3 I t R MM ( 2 3 I • 
22 UlHtP12.~l•ilETUi(,j( IOo.231 

11 23 Cu M IW 1J I Cl L K S I t~ L iHl I I 0 • 2 3 I , S t~ A T I 0 I I (; t 2 3 I '; A X 5 1 H I l 0 t 2 J I 
2't COMMO!JlfJLK bl:>SP I :t 3 • 20 I 
2S COMH01;/BLK 7 ILCflTCS 
26 · COMHO;dBLK91 I AP, l SilOt<T 1 I TAB 

l1 27 COMHONIBLKlOIEFFM0~1231 
2a DI MENS I Oil PC~C2Jl11Tl71,1DHCOLl231 -
29 DATA !AP1lB~PtlCPl'NIA'1•H0•1jOK•I 83 

JO Rt.AL MP 
8!I 31 I SSTup=O 

32 LUCASt:=LCRfCS --· 
3.) If I IBP,E'.Jol I LDCASE=l ' J7 
J•f 2'+ i I= 1 + l 
JS lflABstSSPI l•l71-SSPll+ltl7)1,LE,l;E-dl lfLAC.i'-1 
36 IFI !FL AG,Er•,-1 J (,0 TO 2J'i 

41 J7 IF I I+ I , LT, NE I GO TO 2'11 
JI) 239 COl~T I ,WE 

' t3 39 PtHtH l 
't ;J l FORMATllHl1S~X•22l'•'l•l1S~X•f COMllENCE !)£51Gtl CrlEC~S'•l.1 
'ti us~x.221•••1 .1.~JA1•c IN ACCJHUANCE II l T ii Aol1S,c,• 46 

't2 11• SP E C I F I C A T I 0 i·I 5 I'' 1111 

'~ IF I 11:1 i', E lJ, l I PR I NT 931LDt:ASE 41 

'H 93 FOHHATI lti , I I• IX·• l 31•• 1 I• I• t LOAD CA5E'11X•l21l11Xtl3t 1 ••ll 
'tS c 

' 't6 c CHECi<. Bl T 2 RA.Tl OS : fLA_!.IGll,1Ea BUCKLING 
'17 c 51 

'la 00 I Or•O IE:litlE 
'IY IFl!TAB•EQ,l,A~D.IE,EQ,l,AN~.IUP,NE•ll Pt< I NT 6765 
S:J 67>tS FORMAT( lH ,q·/Xt 1 L\JCAL B u c" L Ill G ' I I ' I H ,•ELEMENT' 
SI 11~zx.•fLANGESl&IT KAT101•.1x,•aE8SCHlll RATIOl't (_ 115 

52 II l X • '5 4 EA H , WE !l CRiPPL!NG•,1x,•EFF,Y1tLu tlOMENTt t 
Sl II l X • t SI 1:: iHJ E fHJ I:. S 5 WATIO'•lXt'AXIAL ::. Tt~llT .t' I Ix' 
S'f 11 t IN PL A l~E BUC.KLINC.• •I• lH •YX•'l'1l6t•-•)• 1 1'•1X• 

117 

SS 11•1•,1tic•-•1,•1•,1x.•1•1111•-•1••1•,1ll,•1•,1'+1•-•1,•1•, 
Sb II l .11 •• I ' ' I 5 I ' - ' I ' ' I • ' I x I ' I ' I l ll I ' -·· I I ' I ' • l x I ' I •• l s I • - • I • ' I ' l 
',;7 lllMCOLllEl=l 
S:J !Fl JC;,LI IEI ,[11.1£1 IOHCOL1lf1=2 
~? H~TUH~IL~CASL•IEl=O 
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,_______ ·--
bJ 1 0 UiJ coin 1 :1·JE --
bl 9'+ IF11u1 .. Eo.11 Pt~11H "705 
6;1 uU ~ IE= I ill E -
1>3 IPP:LJ 

-· 6'1 lJU_l '+ 2 I 1=1 I z --···-
65 3'12 l TI I I 1 :u 
bb s FIJHMATI Iii 0///1• l:J(:_iff~ ScCIION E''B EL E tl EtJ i ' 1 I .l I 

'1 b7 If( lfLllli.NE,-11 t'kllH 8, j E 
btl 8 Fu R f·l 1\ T I I !i •Ill• I I ( ••• I •L!.' ELEHEUI•1!J•l1lll~~•11 ---

3 69 IF ( I(; 11 COL t IE l • E Gl, I , A ND, I 51t U .IT, ilE, I l 1-'R I tlT 2'+ •IE 
70 1 F 1 1 .~ 1 <;; o L 1 1 E 1 • E], 2 • A ri.!L.l..SJ!Jla I , '1 £ , 1 1 l'Bltl! 25 •IE -----
7 1 2'+ FUi~MAT(lll . ' E.Lt::1'1E!IT •• 13. I 15 A UEANf I, 
72 25 fUfHIAl I lit f I EL>r1£. '·IT'., I 3 1' 15 II CO!.Ut:1tftJ --

'7 '13 lfltSsPllE•5l/SSPI IE•7l l,LE,J7,AND,lSH0RT,NE,11 1~R I UT 3 
7'+ HI (~c.?l IE•51/5c;PI IEo'll I .LF:, IZ,AfH>, ISflUIHoEQ, I 

9 ZS 11 , A fl D • I TA u • E Q. I I IT I 1 I= I 
76 3 fUt{r-11q ( 1.1 •I I•' Ll IT 11/1TI0 OK t l 

~ 77 If I ( 5 •.;PI IE 1 S l / 5 SP I IE • 7 I I , ::; T , I 7 I t'fl 1 rn 'I o1£ 
7 iJ !Fl tSs;>I IE•Sl/SSPI IE,_J__!J_i.iiT 171 ~TOP 

:~ 79 'I FUt<MA r (id f // f I lLE11£:n•,13,1 IS ~- ') T CllflPACT• 
C:IJ II ' AtJO '-11\Y rm r BE USt::D FO_R PLA:;iTl~ DES I G~JI I --JS dl c 
'32 c CHECK H/TI l<A TI 0 . \'j[[}S . 

l?7 3J c .. !le+ RAT 1 0 1 = t.r; 5 I C 5 T P 5 I L 0 C;\ 5 E , IE • ! l l / I Y ST 1~.S •SS PI IE• I O I I 
'!{) a:; 5 U 11 I = I I 0 J • I I - I • '+ 'I • R A T I 0 I l I S Jr~ T ( Y S Ti( '.; " I , L - b I 

fJ6 SUM2=~~J/SQRTIYSTHS•l,E-bl ---11 d7 r<ATju;:lS'.::.PI IE•'tl/SSPI IL.bl l 
lj() 1 ~ (RAT I() I • LE 0 J. 7 6 5. A ND. Su :1 I • ul'. RAT 102. 11!J0. 1 SH Of{ T. r~E. I I eFJ:H 6 ---
d9 1 f ( RAT I •J I , GT , tJ,] 6 S , ii! HJ , Su M 2 , (, £ , RAT I 0 2 • MW, l S i-11) RT , 1-.. E, 1 I Pill NT 6 3J 

·10 IFIRAJ!OloLE,Q,]bS,AND,SuHl,uE,RATIU2.ANU.15nO~T.EQ,I --
11 11,AND, JTAIJ,[Q.11 IT I 2 I= I 
92 1 F I RAT I 0 I • GT, 0, 2 u S , A ii 0, S !.! M 2 1 GE , RAT I 0 2 , AN i) , 15H0 Ii T • E Q, I 
93 11,AN0, 1TAtl,£1J, I I I Tt 21 =I 
9'i IFIRATIDl.LE,J,265,A~D.SUMl,LT.RATI021 PRINT 7 
95 1 ~ I RA r 1 0 I , GT , J , 2 b S , A: JD , Su ti 2 , LT , R fl T 1 ') 2 I PH I NT 7 
96 If I RAT l 0 I , Lt: • 0. 2 6 S, A, l (), '.> tJ, 11 , LI 1 RAT 1 .) 2 I I pp:: I 
97 IF ( ff Ai I 0 I • G r. u. 2 6 s • A :rn. s u 112 • LT • HAT I 0 2 r I PP= I 41 

98 IF< lt>r.Ul, 11 PR I llT 'I• IE 
99 IF I I Pp, E·J, I I STOP 

100 6 FORMAT( lit I//' t 11/T I RAT j tJ [OR SPECIFIED N/Np RATIO UK' I 
1 iJ 1 7 flJRMAlllll .11. ' ri IT 1 RATIO FOR SPECIFIED N/Nt' 11AT I 0 ur.ACcEPTABl.£•1 
102 c 

47 lJJ c SHE Al-I A•'i[) ~~Eb Cr<IPPLING 
l O't c 
lJS 1110 
106 9325 I= I+ 1 

51 I :J7 1F(l,1;T121 Gu To 9 .32'i 
IJa DUN=O,SS•YSTHS•5SPll~·~•-ssr11Co61•1.E-9 
101 l ~- I Ail S ( C ~TR 5 l LDC ASE • I C • 2 l I , LE , DU M , A I 1 D , 1 S Ii 0 RT , NE , 1 I PRINT ~ 

53 

1 I :> 1 F ( ABS ( CST II S IL DC ASE • IE • 2 l I , LE , DU rt• Ari D ~ 1 SH 0 RT.£::) • I 
I I I 11,AN0.1TAB,£Q,ll IT (JI:: I 
112 IF (A A·~ (cs T flS IL De As l. IE. 2 l l • ;; T. DU 11. A ~Iv; Is 110 RT. N:::. I I ~HINT '1'1 ·-113 IF (Allc,(C5TilSILDCASE, lt:•2) 1,:;T,l)U11J I f'P= I 

57 

I I 'f IFl1Si<ORT,;J£,ll Pl<l NT 6 I> , C S I R S I L lJ C ,; •; L , I E , 2 I • U IJ 11 
1 )~ 66 rnR11AT' 111 . ' SH[At< fUf!O • llPl'LIED•,5,~,t S1~ EAR RESISTAtlCE• 
11 6 Utl•SX,EIO,S115X,El0.SI 
11 7 - I F I I P r , £ fJ , I· I PR J 14T 77 
I I fJ 77 rorir•A 1c111 . ' 0 I A<;O:JAL ST\fFL"NLRS AilE H£!JIJ I REU'' 
119 9 FO~MATllH •I I•' SrlE Al~ Atiu Vl[U Cl~lPPLluG CtiECK OK' I 

t 
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47 

• ,, 

I ),"l .... 
121 
I'> 

123 
12~ 

125 
126 
127 
l 2 a. 
129 ' 
lJn 
13 l 
132 
Ill 
IH 88'1 
135 
IH 
137 
131) 
IJ9 l I I l 
l .. 'J 
l'tl l 0 Cl 
l 'f 2 
1 'f J 932• 
IH c 
1 'IS c 
1 'f6 c 
l '17 c 
l 't8 c 
l 't9 
ISO 
1s1 
152 
lSJ 
l S't 
l S:i 
156 
1!i7 
1 s c) 

159 
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l6lJ 
169 1 11 
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172 
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l"URM t. 'I' r I ti I l I.. I t Sllf:Aii Atli1 ko[;ll CBl~el ltVi C~IEC!' :l~ACCEeIABI i •I 
OUi1aD.SS•YSTRS•SSPllEo•l•~SPllE•6l•l•E•9 
UUl11:11 F".Q.c:..;ploO:- . .<.\•lfc<:Pt•<" u\1)1.<.ccrlc: ,Jll••> 

OUM2=1-SQRTl1-1csT~SILOCASE,IE•21/0UH1••21 
DU i13"' I y S TR<;• SS P ' I E • I .1 I • I F" •? l , I I • I 111111 I / I <;; 5 P I I I" 131•1.F'-l.ll -

#•DUM21 
Al=Anc:1csr~SILDcAsr.1r.~• 1 

Ai•A~slCSTNSILOCASE1IE••>> 
A=AHA.il(AI .A?l 

AA:sou11.3/A 
IFIAA.~~.a.~~1A~U1ISt1QHI.E~ I olHHio IIAll E(h II I II!! I= I 
lf IAA,GE,0 0 9doANUolSHORT,W[,ll Pf< INT 100 
IFIAA I T.0.9dl IPP=I 
IF I ISHrJlo(T,NE.11 Pk INT 889eOJM31CSTRSILOCASE11E•l+21 
FORMAT 1 ltt ' . Efl"[CT!v£ rt•'f11"'1T <;;tJpp, r En•. 1 Ix. 

II t 110Mf'NT APPLIEo•.1,1X•E10.~·2•X1ElO.sl 
l FI l PP £,J. l I HETURilll l)f"A<:Foff't:ol 
IFIU'f',Ew.1.1· E FF' ;·1 U '1 I l E I =OUM J 
1 F' I H' f'. E ,J • I I PR!Nl 1111 ,j t. 
FORMAT I 111 , • ErF'ECl IVC YI t:LD MOMENT F' UR ELEMENT • 

II• I 2, ' Ul~ACCEPT ARl.E 1 I 
fOH~IATllH '// t. ffFECTIVl YJELD MO:-tENT OK ' I 

. liO TO 9325 
CONT 1 tJIJE 

COLUMIJS A14Q tiEAM-COLUMNS 

COLU11NS 

lfllBNCOLllEl•EQ.1,AND,lTAB,E~.11 ITISJ:s•l 
Al =ELLEN I 1 EI/ I SSP I IE• I 0 I• I , E·3 I 

A 2 = E Ff LE ti I IE I •ELLE.'' I 1 E I/ I SS PI IE• I 't I • l ; E-3 I 
lf1Al,GT,A1.l SLIWER,.A 1 
IFIA2.GE.Al I SLNIH.l~=A2 ' 
CC=SQ~Tl19,739209•E/YSTRSI 

Al=Y5TRS•l.E•3•1l-f l~LNDER•SLNOERl/12•CC•CCllJ 
A2:s1.&666667+1D.37S•SLN0ER/cc1-11SLNUER/CCl••J)/8 
PCRflEl=l.7•5SP11Eol()l•l,E•J•Al/A2 
IFllBMCOLllEl•EQ.11 GO TO 13 
If ICC.GT .SLNuER.ANO, ISllUkT,:JE.11 PRll~1' l't 
IFICC.GT,SLNUER,AN~.15HONf,f~.11 ITl!>l=I 
H ICC,LE.suwERI .f'HINT I!> olE 
I F I J 5 1• 0 R T • NE , 1 I Pl-' I NT 333, C~ • SLtlQER 
FOHMATlllt • 't x •• CC 1 o9X•• EFFECTIVC: SLENOt:RNESS kATIO' 
#1/t£J~.S·1•X•Elo.s1 

IFICC.LE.SLllJCRI RETJRN(LUCASlolEl=l 
IFIRE1JR~ILDCASE1ICl,EQ,11 SRATIOIL~CASEolEl=SLtlDER/CC 
IF I RE T lJtW IL DC ASE• I£ I , E !J • l , A :10 • IT All, tJL, l I PR IN 1 S' IE 
If IRETiJIW I LDCASE •IE I, Ct~ .11 :;o TO 2 
fOIHtA r I l 11 ,,,,. 51.ElWERNi.SS RATI 0 01<' I 
FORMATllH •//tlOX•' SLEtlOl:.R•JESS RATIO UNACCEPTABLE' 

II ' f'Qi~ ELEi1EIJT' • l ll • 121 
IFIPCRllEl,&E,ABSICSTRSILDCASE1IE1lll 

#,ANO,tSHUHToNE,11 l'R INT 16 
I F I p C !~ I I E I • 1. T , ABS I CST R 5 I L 0 CA Si; • l E , I I I • A llO , I TA li , NE • 1 I PR I 1<1T 17 olE 
IFIPCNllEl,LT.AS~ICSTRSILUCASL•IEollll RETURNILOCASE•IEJ:s& 
IFIRETURtllLOCASE•IEl.E~.11 PR I NT s. 11:: 
If I I SHORT .NE, 11 pi; Ill T •'t't•PCKllEltCSTRSILDCA~E1IE1ll 
FORUATllil • t It AX I 11U M AXIAi. ST RE IH 11' 'S X , 1 APPLIE0 1 

II t AXIAL l.OAU'1/1~X•EIO.~,l~X•llD.SI 
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3 
l'.l J lflPCRllEl-GE0Aa~1csrNs11.u~A~L·lltlll,A~U·ISHQ~T 

5 19 l #oE~oloA~O.JTAU.E~•ll IT1<»=1 
192 13 )fl IS11;)RT-Fll. l .AlllJ. ITAR.t="O I AIJO ln•Af"nl / fr:-1.i=-n I I IT IL I:. I 

IOJ If I RE TUR ii I LDC ASE • I E I • E ·< o I I AX ST H IL 0 CA !a E, IE I = 
I tl't # ll!:S S I I" c; TR S t I O CA S > • I E..!...l.J I .IP CH i I i:- I 

II l ij~ I F I R l 1 tJ R .~ I L u C A SE • I E I • t ~ , I I !jO TO 2 
ld6 16 FORM AI j I tt 't. I • • MA ll I!Jl)M UIAL STHEtHl:l OIS: •I 

1t l1H 17 FOl'IMAT I Iii t // •• 1iA x I i!IJM AXIAL S TRF.NTH UNACCEPTABLE'! 
lcP c 

.3 l U'I c IJ~A!i·COLUMNS 
19) ~· 

IS 19 l tlMIJF.1=CSTRSILDCASE,J£•il 
192 IFCCSTflSILt!!:ASE1 lt•JI •!il.:,CSIBSll.OCASl.1 IE1~l I 
193 #U~(J£1=CSTRSILDCASE11E•31 
Blj uh p I I • l = 11 p I ' ,: • ., I 

:11 195 If IMPI IE• I l oGEoMt'I ll::o21 I OMp I IE I =MP I 1E'11 
196 CJUMl=<.SPll£,1til•l·E-J 
197 ~MMC Ir 1=11.07•1 CELLENI IE~•S?RTIYSTkSI II 
19J #I tlluO •i>U11 I I l I •0!1f' I IE I 

;, 

1 'II JFICNJllEl.E~·'+I CMllEl=loO 
2UJ IFICMJllEl.EUoll (!1C ('El=Qo81; 
2;)} UUM=ICSTNSILuCASEolEo31/CSTRSILDCASE•IE,~11 
2J2 I F I 0 U ,. , G E • I I DlJM=f/DUH 
2.JJ IFICMl!lt:l.Ei..21 Ct111El=Uo6-0.'+•DUM 
.i!H I F'I CM I I IE I , E Y • 2. A NO• C tl ( IE I •I T, 0 •'+I CMI IEl=Oo'+ 

11!11 2JS IF1Ci11 I IEI .E.Jo l I C•il IEl=o.as 
2:Jla UUMl=sSPllEol'+l•l·E·3 
2iJ7 Pf. I I f. I = 1 , E - J • E • I I J , I '+ I S? 2 6 •OUM I I / I F. LL E; tll I E I • E Ff LEN I J E I I I • • 2 . 
20il lfllSHORT,NE,11 l'fi I flT 22 
2 J'I 22 FCiHHAT I l ti • 11 •' I1JrE11llCTION FOt~MULA OUE•o/•2'+1'•'1•/I 
21a OUMl=C~TRSILOCASEtlE•ll/PCR1lEI 
211 OUM2=1Clll IEl•tl•11 IU l/RMHI IEI 
212 OUM 3 = I I • I CST ti S I L 0 CASE • I C • I I t. Pt,; I I E I I l 
.<!I 3 UUKCHK I 1Et l l=OUMl+.)Utl2/0UM3 17 

21 •• IFIBUKCHKllE•ll.GT,JI Pa INT 20 
ZlS lflBU~CHKllE•ll.~T.11 ISSTOP=l 
216 If" I RE T 'JR'' IL DC ASE'• IE I , E Q, 1 I f"RllH So If. 

• 
41 217 !Fl ISilORT."E, 11 PR l rlT SS~tUdKCll,,_I IEt 11 

219 SSS fORMATllH •• fOIHlULA Oi~E••SX•' REQUIRE!) . LE!>S THAN• . 
' ., 219 #' UR F•)UAL TO ONE' •/o3XtEIO.SI 

22;J 20 FOfi/1/IT I I It ,,,,. I r. T EI< A C T I 0 N FORMULA ONE UNACCEPTAtlLE'.'I 
221 21 FORMAT I lfl ,,,,. 1 NT E II ACT I 0 N fORMULAE ACCEPTllULE'I '45 

22.l 2000 FOf<tlA TI 111 •II•' llHER/\CTION FOl~MULA T1~0 UNACCEPTABLE'! 
223 IFCRETURHCLDCASf•IEl,EQ,11 \70 TO 2 47 

22'+ 0UMl=csrHSILDCASEo1Eoll/CYSTRs•SsP11£.101•l·E-6I -
225 0 U t1 :.? '"' 11 t 11 1 E I I t I • 1 e • ;J II P I I E ~ I i. 
226 UUKCHKllEo2l=UUMl+UUM2 -227 If I IS;nJRT.!IE.11 Pk I tlT 23 111 

2Zt) 23 FORMATllH ,· 11 •• J IH ER II CT j 0 N FORl1UL A T~O••l•2•C•••l•/I 
22'1 l~llS;;ORToNE,11 PHltH '•61,.t!JKcto:11E.2! 
230 666 FORHATllli • • FORMULA T1~0•tSX•' REQUIRED . LESS THAN• . 
231 If. OR f 1,JUAL To ONE'•l•JX0Ll0 0 SI • 
232 IFIRU~CHKllE•21.~T.JI PRINT 2000 
233 lrl8U~CHKllE•ll.LE.l,AND.uUKCHKIJEo21,LE.1 
2H lloAl'ID, JStiORT.llE, 1 I P 11 ltl T 21 
2JS I F I U U I\ C Ii t; I I E • 1 I o Lt. • I • AN IJ • ri UK CH K I I E • 2 I • I. E • I 
236 #oANO.tSHURToEO,loA~O.ITABoE~.11 IT I 71•1 
237 lflBUKCrlKllf•ll.Gl,11 IS~TOP•I ( 81 

238 IF I ISSTOP.Et~.11 t'f< I NT S, IE 
239 lfllSsTOP,ECJoll ~o TO 2 

( ' 



128. 

3 
2'1, L>O ,.,~ '='·" 

5 2'f1 IFllT1lll llltl12tll3 
2'f2 I I I 11 I I I .. I AP 
2'f3 GO Tu 123 
2't'f I 17 IT I I I"' ijkD 

II HS GO TO 123 
2't~ 113 JTIJ):s!CP 

ti 2'f7 123 CONTJllUE 
2'f8 PHltJT IQ l. IF" t I IT I I I I :ti .'71 , 

.3 2'f9 103 fOHMATllHOo2Xt12t2Xt•:•,ijXoA2ol6XoA2•19XtA2ol7XtA2o 
2 r.; () #l6X-A~ol7&1A3113X1A2•ll 

15 2SI 2 CONT 1 ;lUE 
252 lFI JS<.: TOP F"CJ 11 ~TOP 

2S3 c 
25•1 c CHErk'. I A TF"IHI n~ACINc. OJ' STDllt"TIJr:>i:' 

:11 25S c 
256 00 7'\c:J. '""='•i~J:' -

flt 257 IFIRETURNILDCASE•IEl,EQ,11 JPf'Q=l 
;i5U ,.:1 .. 6 (;OllT l •J"E 
259 IflITA~•EQ.l.Allo,IPP~,NE.11 PRINT 1322 
2 6 [) !JO ,,., IE= I .tlE 

!5 HJ 1322 ,fOl(MATllH ,///o~uXolSC'••l•/•SOXt 
262 #'LA TE .tA L 13~AC I ru •• • 1, SOX. Is I •• ' I I 
'6J 1 f ( I SH 0 ~ T , NE , I , AU 0 • 1 PP Q • f~ E • I I PRllH 1322 
26 't IDUMI •=O 
.26~ u () 223 I J= l, 2 
H:, llDUM=ll 
2o7 A=Al3SICSTRSILOCASE•IEolJ+211 
268 IFICM<>l IEolJl•AI .GE, I ti r.Q TO 33 

S3 2b9 ,JfllMPllEolJl•A1.LT,1I l!Dl!~=l 
27J If I I 11P I IE, 1 JI •A I, LT• I• AND• I PPl:I. NE• 11 PR I NT 3l oNf3EAi11 TE, I JI. IE: 

35 271 ll FORHATllH o /// o' PLASTIC Hl:JGE AT :10lJE'olXd;!jt OF £LEMENT'•lX•l2) 
272 l•l 

l7 273 DUMl=ISSPllE•l81•1.E-31•119SOO,/IYSTHS•l.E•61J+25,J 
i1 •• -UUM 2= I SSP I 1 E • l 6 I •I , E- 3 I• I I 9 SOD .11 Y S TkS •I - E •6 I I I 
275 .Jf I IPPO•UE.11 Prtl NT I 3 l 2 , DU ;ti , 0 UH 2 
27u 13 I 2 fOt~l-IATCIH o30Xo•fOR :•.sx•'SIWGLE CllRVATURE'•1'fXt 

41 277 #'IJOUBLE CURVATURE'•~•27Xo 1 CalTICAL 1 o8XoE10.5•20X• 
271J #E10.s.1.2ax.•LENGTH'•ll 
279 lf'I I l.>UM,fQ,11 GO TO 223 
260 33 lfl IOUMI I .Er~. I I <.O TO 22.'\ 
2dl JOUMll=l. 

' 282 OUMaSgRTIYSTRS•1,E-6I 
47 283 OUHl=~SPl1EtSl•Q,2J028/DUM 

28'f OUM2=1.60737E2•S5PllEo51•SS~llE•71/IYSTRS•SS~llE•~l•l1E-bl 
265 A=l'llN1DUMI o0UM21 
286 lf(JflAG NE.-1.ANO IPPD.~1E. j I PRINT l'l'l7tA 

51 207 1332 fUriHATlltl ' . LIMlTINli UtiuRACEI) LENGTH :0 tlX•El0•51 
.___2!JO J f I IF 1, AG• EQ. - I • AND • I E • E Q, I • AN!.! 1 IP P !l •NE 1 1 l PRl~I 1:13.l•A 

ZS? 1333 f Ci R ti A T I 111 • 111 o t LIMITIN1a U:ldRACE.O Ll~GTH F Ott! 
29:) •• NON-PLASTIC ELEMErlTS : • o2X•e'I0.51 
291 223 CufH l uuE 55 

l92 222 CiHHlrWE 
111 293 IFfldP,NE,11 GO TO 778 

29'f IFILOcASE,EQ.NLCI GO TO 718 
29!; LL>CASE=LOCASE+l 
296 Pk INT 985,LOCASE. 

1 l97 985 f 0 R It A T I I rt 1 o I Z I ' • ' I • I • ' LOAD CASE 1 olX•l2o/ol31~•'11 
29d GO TO ., If 

e 

299 
' 178 LOCAS1;::aO 

( -. 



129. 

--
3 

3:1'1 .,.,., tr::n 

I JOI LUCAS~=LOCASE.+I 
J.l~ LL/,J. 11': t ,. ~I 

JOJ IFll~P.NE.11 tocASE=LCRTcS 
Ji],, If (I RP rW I I >.JI ,.:I •tr A., •• 

9 3J5 l f I Lll r A st:: • E a • I~ L c • A 'ID • I t: • E ·~ • 'IE I GO TO 395 
J !l !. l~"ID>TllRIJI• "'"•"r.1£..1-..£..:l..a..Ll.. rd1 I > 0-<>4CCr 

11 J07 lflIE.,Et~.NEI GO TO 777 
J'lll GO Tn J.fl_l.1. 

·a J:J9 395· PHINT 23'16 
310 • .ZJ<t6 FUHMA I I 1 ti 1///1J'H.1• ALL Q~SlGt~ CHECt:iS' 

11 311 II t SUCCESSFULLY CUHPLLTEllt I 
312 PH lrH "\b58 

17 313 3658 FORMAT 1 liil, t PllErl' I 
J l 't . ST Op 

19 JlS El'fO 

21 

!5 

1!11 

83 

as 

a 

41 

-

1 

53 

-
~ 

59 

l 91 

63 -



130. 

.___ --------------
a 

PLA!:>L•t•Al>P~ 111 NEwSEC 

• 1 COM? l L f.f{ I XM=J I 
2 SutHiU11 I I ·IE <'lE~~SE' 
J COM MU:; /EXT/i<KI 1571931 
'I c. •••••••••••••••••••~•••••••1••0•1ot••t•• 
:; c If THF A.1.s.c. IH.>JU l llEltlllTS .-H£ NOT MET 
4 c A NE11 SET OE :5Ec;T I 'J,.l~ H~!;, [O Ill:: CtHlSt.t>I 

1f 7 c •••••••••••••••••••••••••••••••••••••••• 
0 COr1t10· 1131 "I JiJfH'"''"' 11r1o1 P ..,,. '>.71·"'~ IJ.•r 111711 r> I 7 '\I 

.3 9 llNE•IPFLT5C23•'1•21tl'STRNlll•'ll1STRNl2J,q),STRS(2Jtql, 
l •) it r LJl'I A • z :l I cz I 2 J • 'II aJ:liJ • .1.5...t I. 12 , q li .r1 , I s I o e , ti A it , 

18 11 II Nti.v, N 1'1, E • EP, AE •EI • Y ST t{S •I• Ul Al1 I 2 3 • 2 I 1 COO ROX I 2 3 I • 
12 11 c o o !to v • 2 J 1 , "' • • E "' 1 2 .J..l..!2.!J....IJ 2 3 1 , ct: L I 1 2 ;,i 1 , ; rn E a 1 rH! E s , 
13 11 lltjW S, :1Df BU A, I BC t 7 JI •ti I •ti 2 • I I oC I JI •PP I 1 :J, 7 JI • RL A MD A I l 0 I t 

I 'I "pp p I '\ ' • :I I I '2 ' • ',I n A 1; I I ,., • 7 1 I • n' IT I 7 1 \ nl"T ~•f'T,~f?'\ 0 4 4l. ----
.9 

·~ #dl231416l1RTSl2J•b•ql oBTS31b•bl•OELlbl•ALPHAl2J1ll• 
16 II [l 5 T Ii ill I 2 J • '! I , I) PS I I< N I 2 3 • 'I I , IJ SI HS I 2 3 1 'I l • ti EI I I 8 8 • 11 I , D 11 I Z J l , ··-------

21 !7 II u I' I 7 3 1 1 R rl IN, Ill U :1 • P l I 7 3 I •MS • ;JB 5 1 l A I 2 JI , fl [ I I 2 3 l 1 IP ti ASE • 
Id 11 I tH> EX , ID ~.1'11 , LDC• SE • 5£' I '12 • 2 Q I • le I 2 3 • 2 l t IC 0 UN T I Z 3 • ' I • 
H 111 E. ND I ; J I •fl LC •ti 5 [ C 
2 ·J CU l1 r·tO •; / 13 Lt< 21 CST R 5 I I 0 • 2 3 • ~ I • F' FF' LE ti l 'J J l lrn1 I I (JI 1 

21 II CM l I 2 3 I • C ~11 2 J I • PE I 2 3 I • ll U ic: CH K t 7 3 • 2 l • U ~i I 2 3 I • RM M I 2 3 I , 
2l #OMP12~11RETUrlNI 1Ut231 
2J C UHM 0/l/13 L K 5 / i< L Ll B I I J, 2 3 I , '.>RAT I 0 t IO, 2 3 I , AX 5 TR t I 0 • 2 3 I 
2·1 Ci.lM11Q;;/flLK6/SSP I 23 • 20 I 

1!51 25 CUM t!O OJ/ 13L K 7 /L CRT C !:i 
26 CUM110,J/0LK9/ l UP I SHQf< T •I r AB 
27 CUMMlJN/ilL~iO/£FfMOMl231 
2J Ulf1ENSl01i SSPll2312011S~eLl23 1 l0!1!CNIIZ31 
21 II • IC tH I t 2 J I t I SEC C 2 J I • t{ L 13 U u I 2 3 I , SR TI 0 D I 2 J I • AX ST fl J I 2 J l 33 

3iJ HEAL i1P 
35 31 1H::r11 NO 12 

32 Rt::Ai.ll 12• IOOI I ISP! I •JI 1J=l •2QI iI=i otlSECI 
JJ 100 FORMAT! I l7 

3'1 PRINT 111 
89 JS 111 FOHriATI IHl1/o!:iSX• 12C 1 •' I •l•SSX•'t1E1~ SECTIONS•,/, 

36 llS~X,171 1 •'1! 
41 J7 PKltH 666 

J;) 666 FOHMllT I 1 'l t /// t. lLEME~T•17X••SEcT1aH•.sx. 
3'1 II • Ii •• 7 x • 'fi •• 7 x •• T I ' • 6 x •• T; •• bx •• A •• 6 x I ! Ix)\ •• 6 x • 'z t: xx. 
qo ,,,qx,•7PXX•,qx,•RXX 1 .~X•'IYY••SX••ZEYY•1'fX1 

'ti 11 1 LPYY•o'IX,•RYY'I 
'12 l f I I Op , ti E , 1 I GO TO 1 q 

47 'IJ 11 =o 
otq 12 12 .. 0 
'15 11=11+1 

' -
H 13 12•12+1 

51 •+7 IFIRETUll:l(Ll>CAS['• lEI ,NE, 11 GU TO 22 
'Ill IFI I 1.£Q,tlLC.AN0, 12,El),tH:I GO TO l'f -
•t'I IflHLllOlllol21,LT,t.E.-!ll <;O To 20 ll3 

SJ lflRL1iUI I l •Ill ,c;l.RLllfll I l+l, 1211 llL9UDll21=RLHDll1•12l 
51 20 II IAX~Trll 111121,Ll,!,E-81 (,;] TO 21 
52 IFIAxsTHI 11 • .121.c;E,,\XSTl~t I l+l. l211 AXSTROII21~AXSTRClloI'~ 

7 SJ 21 If I SR-. TI 0 I I I • 12 I, LT, I , E-tt l ;;o TO 22 5 

s 't lfl5R~TIDlll•l21.GE.S~ATi0til+l•l211 SRTIODll2l=SNATIOlll;l21 ----55 22 I rt I 2, E <l, il E I GO TO ll 
56 GO TO 13 
57 I 't CUNTlivUt: 
sa Ifl IUp,E,lo l I GO TO l 'i'f 
59 uo 9)3 IE=l1NE 



131. 

--·-·---
3 

_ ;L.}_ r: L 8 U IJ ! IE ! =fl L J ll 11 \.IC A_!;, [ • .. LfJ __ 
5 61 SI{ T 1 U ,; I IE I= 5 KAT I u I l. O ~AS f. • It:. l 

62 AXSTth r 1 L ! =A~;! TH I LOCASE 1 I~ I 

ll) 'I J 3 COllT I ;1Uf. 
b •• 1 'I .. OU 1 r E= I·, NE 

9 6.; IFIRlTURNILDCASE•lEl,NE,11 GO TO 1 
b /, lK=J 
67 331 l K =I K +I 

-· &1J I .f I I S 5 PI I_!,: , 1 3 I -SP I I K • I 3 I I , GE • D l c;Q TO 331 
3 ,, ., ISTAt'T=lK 

7J lf IAUSIRLijBOCIE!loGT,ll S5e.J.I !Eo IB!=SSPI !E• llll 
15 7 1 11 •Au S I r; Lil tJ !J I I E l l 

72 IEIAtiS15~T!00ll[ll,GToll SSp21 !Et J!P=S';i~l IE• 161 
17 7J U•A~Sl5~TIOOllEll 

7 'I IF!AU~CAXSTR~llEll,Gf,ll s S ~, l I E • I D I = 5 S ~ ( I E • l u J • AU :i I A II S T ffo I I E I l 
:g 7 '; SSP(i[ olUl=SSP2ClEolJI 

76 IF I SS p I ( 1 E , I 1:1 l , GE • SS I' 2 I IC • I J I I 5SP!IE,l8l=SSPl!IEol81 ...._ 
77 I K =IS TA i< T 
7u J IK=IK+l <--· 

1S£CllE>=1 '•J IF I" IK .GT ,NSfC I 
9J lfl(SSPllEoJBl-~PllK·t~11.~r.a1 GO TO 'l 

!5 Jl JCMTI IEl=JK 
132 lK=ISTART 
SJ , I!<.= I K+ 1 
!3•1 If I IK ,GT ,:>iSECl !SECllEl=l 
OS IF I I SSP (I£, 1 JI -SP I I K •I Ll l l •GT, 0 I GO TJ s 
i.l6 ICNTl•IEl=IK 
97 ll=IC'JfllEl 
ua IF I IC :1 TI I IE l , ;j E, IC tl TI 1 El I I I=!CNI! ! IE! 
u'1 IK=o S3 

r1 !) 6 IK-IK+I 
35 9 I I F I I K , G T • il SE C I iSECI IEl=l 

92 IFI 15.:;?I 1c.101-st>1lK'1011.Gr.01 GO TO 6 
93 I C.ilf I IE l =I K 
'I 'I I JK:: I I ,__ 
'15 IF I IC ;J TI It: I , GT, I I I l.JK=JCNTi IEI 
'l !, 'loo ~ONT I i1UE 

41 97 uo 7 I J= l • 2U 
9J 7 5 Sf> I I E , I J I =SI' I I Jr< • l J l 

13 •] 9 EAi l£1=S!>Pl IE• IOl•E•l 1E•6· 
IOJ HEl(IEl==S'>PllE•lll•E•l,E-? 
I JI 11 P I I E , I I = Y S f i< S • S 5 P I I t: • 1 3 I • 1 , E - 9 
102 1 E I E FE 110 i1 I I£ l • LT , I • I GO T 0 1271 

47 1 J J IFllMPllEoll/EFFMOMllEll,LT 0 0i?S1 i"f f' I 1 E , l 1 = E FF M 0 M ( I E I 
,____ I J'I 3;>21 Mt' I IE, 21=r·lPIIE•1 I 

IJS s•1s F 0 ~ 11 A T ( ltl •• II J SUITAt3LE SEclluN IS AVAILABLE! 
49 

I Ou #. fROt' S!::LECT I 1JN 1:J DATA-FILE : FOH ELEMENT 9 o!X•i21 
1'---

107 1 <.:Olq l liUE 5 

ljJ llO 55 IE= I, ME 
1 J'J IFl!SECllEl,EQ.11 PR IN f S'IS, l [ 63 

l l;J f'il I rH 7 7 7 , C It. , 5 SP I I E • I I • 5 5 P I l E • 2 I , I 55 P I ! E, J I • J = 't • 7 l , 
l 1 I 111:,Sp( JE•JI 1.,.Jl=IOo 1811 65 

112 777 fOHMATllll •2Xo!3•0XoE4,01'•'•F'f•Oe2X•SIFS.1•3XI -·-1 I I J U • 31176, I• 2X I, 51FS,1 • 3!1 I• I I 6 

1 I 'I Sr; CONl i IJ'JE 
g 

11 s 1JO 5~5 I!:.= I, NE 
116 sss IFI lSECI !El ,Ei~, 11 5TOP 

1 117 I llOEX= I 
6 

I Ill I PtfA SF:a I -
I 1 '1 HMIN=J 
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3 l.!J ll 11.•i'.'~-,.!) 1_.)(.1'.'.;;:1 

121 l t ( l ,.'I' o [ J 0 1 ) !.. _:·J:: l 
1-----l -,-, -----·----L.-~,-..:--.-'\ -~,-;-·,_-.. Lt...? r C "> --------------·-------------------· 

5 
I ~! .1 Ll'=LC'' re::. ------------------------:------------------------------------- -------
1 :'I C.'·LL i )1: r.~L 

1 ~ j l: I~ '.,l ---------''-'-----------------------------------------------·--------------
9 

--------------~-------- -
11 

3 

15 
( 

17 

9 

21 

23 

.s 

27 !-------------------------------------------------------------
( 

29 

\. 11 

33 

l 
35 

( 17 

39 
( 

41 

13 

45 

( 
47 

( ,9 

51 

( 
53 

c 55 

57 

59t-----..---------------------------------------------------------

( 01 "" I I~ .I r .Jh J. r ......, h J. r "". 1· 
,, ,;n-.-, .. ,1,. r;,i 1 f CJ,, IF . ' : ~ I F "" I I 1dll "I~ W-C.~"!T'JiDT·-·i;i-;-·n:--, 

c; 1~ If (j .1 iF •-ll< IF ~·i H IF G i~ I ,. u1i 1 F G: ~ l F (Ji I l F ·:.; i ~ I ~~ ~ 1 i ~ IF \i I\ IF c, 'I If r, H IF r; I< I F li ;,: 11- 4.j i~ IF ( 

63 (,I~ I r 1, '( ! I .. , j~ IF ·.1H I r '.1 i? I I 
,,. I IF~F bi'( l F \.J h' l ;· ;it'\ I F t..1! I :· (, '~ If 11iTIF ( .. ,., l r ~·; ( rr- ;;r::-rr-: 

G •< l r 1t' I F \,l( lF -~I? l f- ~· ,.) 
I.Ji, I r- li1? l r· (, :~ ! I' ( :11 r (, ~? 1 •" ·;h I F (1 t': I 1: (,i·: IF r; ;··~ lf' '.·;;I IF (;l1r l f 1,, :? Ir 

·-~ 
_,., 

'" , ..J .. L. ,J f,)'- ' <• ·- ' <. _, 
. \\.JI : .J l •.' .._l ·1 _) U I ., ;_; 1 .. ~ . ~ l, .. t ti, ~11 ~ .. .'It ~101 I) fl; .l"" ·"'i .._,,., f v'1 !_i' L j'1 .t.7T'r7TJ ... 




