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ABSTRACT

Computers have revolutionised many fields of scientific
study. Engineering as a discipline has been one of the
beneficiaries of the computerss In this study, efforts have
been made to present a direct spring model approach to
perform the parametric study of frame structures under a single
support settlement and differential support settlements.
In addition, the effects of different stiffnesses on distribu-
tions of displacements and forces of frame structures are
also worked out.

The direct spring model approach presented here will
be of use to compare the additional forces and displacements
which may occur due to the effect of different support
settlement conditions. From the point of view of accuracy
this project gives a better analytical solution leading to
more realistic calculations compared to the conventional
approaches like moment- distribution, slope deflection etc.
FPor higher degrees of freedom, more chances of mistake may
occur in conventional metheds.

The computer programme to analyse frame structures
presented in this work proves to be a2 time saving and
easy system. Once the data with different settlements and
stiffnesses are entered, the computer will give, within
seconds, the displacements and forces. It is hoped the For-
tran = 77 compuer program, presented here for analysis of
frame structures, could be useful for future researchers &

structural engineers.
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CHAPTER ONE

INTRODUCTION AND LITERATURE REVIEW

}
INTRODUCTION

1

Before the advent of the electronic digitel computer,
frame structures were analysed by the classical methods.
Classical methods are treated in most of the structural
analysis books. However, these methods put less emphasis
on some difficulties such as support displacements, effects
of temperature and prestrain, beams and plates on elastic
foundations etc.,

1 Following the appearance of the computer in  sacademic

and professional environmwents, the necessity for analytical

tools specially directed towards its use become apparent,

R I RIS

Consequently, a8 number of powerful analyticzl devices in
sowe methods of analysis are available to the structural
designer, These methods are well established and treated
in a number of technical papers. One of these methods

is the matrix dibplacement method,

|
A
1
i
T

A principal objective of this study is to provide a
direct spring model approach to investigate the effects of
support settlements on stress distributions of frame
structures so that their effects may be made available

to the designer without the need for performing complicated
analysis in the design office. This approach is frOposed

to eage the assessment of offects of support settlements

using a apring wodel without incuring the labour for complete

geometrical changes as implied in the indirect rethod.

A secondary objective is to revise structural properties
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such as stiffnegs with respect to preliminary anslysis
under effects of settlements., The research is concerned
with situations where the arrangement and prbportions :
of structural members and the suppoert conditlions are known.
In practice, the designer must first estimate the wember
sizes, analyse the structure, and compare the calculated
and zllowable stresses and displacements. Then if the
designer wishes to investigate the effects of support
settlements, changes will have to be wmade in the assummed
geometrical configurations of the structure and a complete
analysis should be reperformed, It is therefore mecessary
to develop altermative procedures whereby “he desired effects
of settlements could be investigated lusing the spring model.)
The need for a frame structure, which is more in urban

'areas, varies with places and increases with the congeation
of clties., A frame structure comprises of beams and
coluansg with infinitely stiff members and has =a
high degree of rigidity. Shear walls are sometimes
attached to resist high lateral, vertical and even seismic
loads, Stability problems can, however, arise when the
structure is either imprcperly detailed or constructed

or when a structural portion is subjected tc abnormal loads
€a high earthquake or blast) or differential support

settlement,

i
: Since Irame structures are normally erected on

5011, the settlement of such structures are sometimes

= “ﬁ;



inevitable, Various types of settlements, each being due
to various causes, can occur. Some of the causes can be
quantified and estimated. .
The stability and stiffness of frame structures can be

affected by various factors as follows:
1. Material used in construction,
2. Method of construction of frame structures - i.,e. in situ

or precast,
3. The overall wilidth of the building.
L. The number of storeys.
S. Size of elements.

6. Foundati on conditions.

Under normal loads (dead, imposed, wind etc) frame
structures are stable structures that exibit considerable
lateral stiffness. An abnormal load (eg. a2 high eathquake
or blast) can cause high member loads, resulting in
unstable situations-eg, a load bearing element under high
loads might be damaged to the extent that it becomes unable
to act iIn the designed capacity. If the failure in the
element contributes to the falilure in the adjacent elements,
then there is a possibility that the damage may propagate
to other elements. This may result ip progressive collapse,

" The support settlement of frame structures are
Inevitable unless the foundations (supports) rest on solid
rock. Apart from the increased forces due to single
support settlements, undesirable effects arise when

differential support settlements take place., These




settlemants must therefors bz Xeot to a ainimum and must
also be considered whers necessary in the design of frame
structures, This will nrevent excessiva stresses in the
frame and pravent structural collapcse. The amcunt of
possible settlement depends on the ultimate design load on
foundation and the =801l properties. Most of the types,
causes and estimation of foundation settlements have

been toushed upon in most of the soil mechanics works.

ot
b
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This diésértétion therefore makes detailed study of
th2 specific aspects of mathematieal modelling as they
apply to the present structural model. Chapter Two
further discusses the idealisation of frame structures
and formulates stiffness of discrete element model, which
relates element-end displacements to element-end forces
through stiffness matrices. In Chapter three, the
matrix displacement method using spring model is presented
and the computer is used to analyse frame structures as
an assemblage of discrete interconnected elements under
sucport settlement and stiffness variations

In chapter four, a simulation model is discussed.
This is based on the following important considerations
of direct springz model aprcroach, settlement of frame,

stiffness variatian and paramne tric studies (shape,



settlement etc.) |
! In chapter five, an important computational aspects
pertaining to the implementation of the matrix displacement
method and spring model are discussed. Though this

chapter is more in the realm of computer programming, it

has direct emphasis on structural engineering, Since

primary responsibility for the entire analysis generally lies
upon the structural engineer, he should have more than
superficial knowledge ©f the important role the computer

rlays in such an snalysls.

% In chapter gix , a detailed calculaticn on frame
structural loadings, load-cases and combinations, satisfaction
gf cpde requirements for deflection and stress levels

which are necessary to aid the frame design at both the

states of ultimate and serviceability limit are presented.
Further, the results of analysis and a brief discussion

on results are also included.

] Finally, a user's guide,verification examples,

a sample input output result of parametric study, and a

source listing program are provided in the appendix.

L
!
}
H



1.3 LITERATURE REVIEW

. The need for research intc the computer alded parametric
st;dy of frame structures under support settlement and |
| stiffness variation is discussed here. The stages of
development in structural researches of settlements are also
discussed.

i - Recent years have seen a rapid increase in the number
of multi storey frame structures being constructed for both
commercial and residential purposes in urban areas. Some
frame structures may be erected on soil where they can be
subjected to differential settlements, For this reason,
there is a2 need to know the behaviour of such frame structures
under settlements and later to see the effects of stiffness

variation. It is therefore necessary to formulate a direct

spring model approach for this study which can be implemented

easily on the computer.
! i

Alayade (1983) has presented the effects of support
settlement on panel buildings. A detailed review of
research development inte behaviour of panel structures,
especially shear walls, is given in chapter two, where

.particular attention Is paid to the researches made on the
problem of differential support settlements,

L
v
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Gould (1972) has presented the differential
settlement of Hyperbolic Colling Towers., A model of the
differential settlement of a column supported hyperbolical
shell of revolution was proposed, The relationship between
the settlement and stress type shell was analysed by

treating the support region as a semi-infinite sheet,

|
i Grimm (1975 ) has presented the design for

1

differential settlement (movement) in brick walls. The

effects of differential settlements are discussed under

following titles:
- Brickwalls that self distruct,

Expansion Jjoint,

Masonry wall deflection,

wall in flexture and shear

Wall supporting slabs,

Wall supportedon frames,

- Wall supported on foundations,

% Bishra (1980) has discussed settlement-induced forces

16 concrete briges. Here:

1. Analysis of differential settlement-induced forces takes
into consideration the time-rate settlewment of different
supports and these forces are evaluated at specific
points,

2. The force inductien factor:E(t)tl iz derived by which o
the elastic solution of settlewent imduced forces should

be multiplied to obtain viscoplastiic solution,

; B



|
oy | °
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.

3. The'E(t) 1s independent of the final settlement," Dy,
but dependent on the rate of settlement.

: A survey of collapse of buildings in Nigeria is
presented by Ometan (1987). The author attempts to y
investigate the reasons for frequent collapse of buildings
especially frame structures in cities. He puts blame on

incompetent professionals, government and public attitude.
A
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i ._ CHAPTER_TWO

MATHEMATICAL MODEL AND STIFFNESS MATRIX

Plane Frame Structures (PFS) pose an important routine
probler to 2 structural engineer. The matrix displacement
method offers an efficient and practical tool for the
analysis of frame structures. In frame analysis, the
structure is idealised as a frame of interconnected elements.
The elements are assigned flexural and axiel stiffnesses
appropriate to the part of the structure which they represent.
Matrix stiffness method is then used to calculate the verticel
and horizontal displacements about y & X axes and the rotation
about the z axis at the Joints. Hence, the axial forces, h
shear forces & bending moments (BM) of the frame elements

at the joints / element ends can be determined.

are discussed., The modelling technique is based on ghe

In this chapter, specific aspects of Frame Modelling

analysis of a mathematical model. As a first step 1n the
construction of the model, generallsed displacements have
been selected. These define the configuration and
determine . the degrees of freedom of the model, Next, the
three basic components of the model, the conditions of
compatibility, the conditions of equil ibrium and the
constitutive laws, are formulated, The synthesis ©of these
components yield %he mathematical model. In addition, the

concept of wodelling process has been introduced and

RS

i 1
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applied to obtalin the continuum models representing flexural
and axial deformations,

1 _ _
'2.* Fundamentals of Mathematical Models

Structural analysis ls concerned with the modelling
of structural behaviour where the model is mathematical
rather than physicazl. The objective is to assess the
adequacy of a proposed design with respect. teo strength and
stiffrness by methods more economical than the physicatl
" model which is to construct and test a prototype,

A mathematical wodel of a structure has three distinct
components that represent significant features of the
structure: conditions of compatibility, conditions of
equ%librlum and constitutives laws, Holzer (1985) states
that the conditions of compitability reflect geometric
properties of a structure such as continuity of deformations
of elements, assemblages ©f elements, and boundary I
constraints., The conditions of equilibrium express the
balance of a structure at rest, while the constitutive laws

model the behaviour of materials,

242 Formulation of the Mode]

The major structural components of a PFS 1s as shown
in figure 2.1 a&b. The PFB modelling of these components can
be accomplished with the alid of a8 linear beam element of

combined flexure and axial deformation model as ifillustrated

in figure 2.1 ¢

N
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The formulation of the mathematical model centres

on the selection of parameters that define the
configuration of the model, Holzer (1985) states that

" the configuration is characterized by the simultaneous
location of all material points. The number of
independent parameters required to define the structural
;onfiguration represents_the degresz of freedom of the model.
lThe;e parameters are called the generalized
displacements of the model,"™

é In engineering analysis, the configuration of a model
is generally described relative to its initial state, a
reference configuration in which the model is not
subjected to actions, Specifically, the configuration is
defined by the displacements of each point from its initial
position., This is illustrated in the following

development of one dimensional elements without reference

to actions that may correspond to these configurations,

'
o
L

2.3. Development of Continu um Models of Elements

; The fleld of structural mechanics contain a variety
éf continuum models, from simple spring models to complex
shell models, (Holzer 19685). Although these models may
eppear unrelated, they have a common basis, which is
displayed in the modelling process of figure 2,2. This
process defines the mathematical relations (steps 1-3) that

-
. b
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CONTINUUM MODEL

Modelling process [Holzer{1985]]
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form the components of the model and it shows how these
relations may be combined to produce the continuum model,
Moreover, it identifies the geometric and material
limitations of lipear models. Specifically, the
deformations must be sufficiently small to justify linear
strain - displacement relations (step 1) and the
formulation of eguilibrium for the undeformed state (step 3);
In addition, the stresses must be sufficiently small to
justify linear stress-strain relatons (step 2).

The construction of continuur models according to
figure 2.2, is illustrated for members experiencing
flexural and axial deformations, which are the basic

deformations of framed structures,

2.3.1 Flexural Deformation Model

The beam in figure 2.3 a is subjected to the distributed
transverse load P (x) and the conce ntrated forces Va

M Vb, Mb; the term force is generalized to refer to forces

it
and moments of forces. All forces act in longitudinal
plane of symmetry of the beam, which lies in the y & z -
reference plane of frame, The initial configuration

of the centroidal axis of the beam concides with the x-axis.
The beaw is prismatic, homogeneous and composed of

linearly elastic material. Hence, the deformation of the
beam is governed by the assumptions of the elementary beam

theory, It follows that the configuration of the beam

is determined by the configuration of centroidal axis.
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t o
The mathematical medel of the beam is formulated

on the basis of the flow chart in fig. 2.2.

Strain-Osplacement Relaticn

 €(x, ¥,2) =B(x,y) = - yd v(x)/ax® (2.1)

€ is éhe normal strain; which is positive in tension, and
v(x) defines the fransverse deflection of the centroidal
axlis,Eq. 2.7 1is only valid for infinitesimal deformations,
Holzer (198%),

Stress~Strain Relsatiorn

b 6 = EE {2.2)
6 1s the normal stress, and E is the modulus of

R

elasticity.

.

Internal Force-load Relations

dV‘/dx - P. m/dx - V (2. 33)
1 or
dzﬁ/dxz = P, ' : ' {2.3b) f

4 |
t ]

V is the shear force and M is the bending moment. The
positive sense of the exteranal and internal forces of egs,

2.3 15 shown in figure 2,73b.

Stress-Displacement Relation

EQS' 2.1 - and 22 Yield
2
6= - BV 42 T (2.4)
1 '
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Internal_Fbrce - Stress Relations

figure 2.3c indicates that
N = 55‘“ ﬁdﬁ = 0 I(2.5a)

and
M= -55‘”‘ 6d Ay (2.5b)

Internal Force-iisplacement Relations

Eqs. 2.4 & 2.5 yield

N = - Ed° v/dx* SA ydA = 0 (2.6a)

and
M = Ed° v/dxszL y°dA = EId®v/dx? (2.5b)

] is the moment of inertia of the cross sectional

areawith respect to the controidal axis. It follows from

Eq. 2.6a that

J:IA ydA = © (2:.7)

which verifies that the neutral axis passes through the

centroidal axis.

Load-pisplacement Relation

The substitution of Eq. 2.6b into Eg. 2.3b yields the

continuun model of a prismatic, homogeneous, elastic beam.

Elddv/dx* = P (2.8)

Observe that the configulations of the centroidal axis
of the beam, which is defined by v(x) determines any
desired measure ©of response reflected by the model of the

beam, for example, from Eqs. 2.6b, 2.3b and 2.4 we obtain
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rree

M(x) = EId%v(x) /dx® (2.9a)
V(x) = EIdv(x)/dx (2.9v)
¥

6(x,y) = ~ M(x) y/I (2+9¢)

Note that when there are no applied forces, the model
is defined by the homogenous differential equation,

.
dhvsad - o (2.10)

' 2.3.2  Axial Deformation Mathematical Model

fo '
The rectangular beam shown in fig, 2.4a is subjected

to the distributed axial force m{x) and the end axial
force Te & Tb. 7The lines of action of all axial force
are collinear with the centroidal axis of the beam. The
sense of a force is determined by right hand rule. The
deformations of the beam are governed by the following
assupnptions{Holzer, 1685): (1) The centroidal axis remains
straight, and{2) all longitudes of cross section remain
straight eand displace through the sawme amount about the
centroidal axis.

The formulation of the mathematical model is based
" on the flow chart in fig. 2.2.
}

Strain -Displacement Relations: (x,¥) = ¥ dw

where € (x,¥) is the axial strain at smy point {x,y) of

the cross section, and wx is digplacement of cross-section,

R R
Stress-Strain Relation: 1t follows the Hooks law, § = EE

where 6a = axial stress . . (2.12)

ol
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Internal Force-load Relation: dT/dx = -m (2.13)

Stress-Displacement Relation: Eas. (2.11)&(2.12) vield

ba = E, y dw/dx (2.14)

Internal Force-=-stress Relation

fig, 2.4 indicates that T = ,j; 6a dx (2.15)

Internal Force=Displacement Relation

eqs. (2.14) & (2.15) vields T = J; (E%i e v dx.

dw
= EA E; (2016)

A = cross sectional Area of beam.

Load-Displacement Relations

Combining egs 2.13 & 2,76, we obtain the continuum model

of a beam subjected to a distributed axial stress:

AE d w
2 = -m (2.17)

Observe that when. there is no applied distributec

8xial force, eq 2.17 reduces to homogeneous differential

equation:

Q.
£

'\J!

dx =0 R (2018)

2¢3.3 BPRING MODEL

Springs play an important role in foundation settlement
problems. If the deflection is known then a spring can be

inserted in the area of concern. The spring's stiffness
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.ii
1
|
should be no more than two orders of magnitude stiffer than
the maximum member axial stiffness (AE/L).

The problem is approximated by applying a force in
the direction of the spring s¢ as to produce the known
deflection, To understand this fundamental let us take a
simple frame example as shown in figure 2.5.

A 50 mm vertical displacement is required at joint No. k.
The maximum member stiffness AE/*10 = 460350 KN/m is used
as the vertical spring stiffness ;t joint number L. A

vertical force of - 23017.5 KX is applied at a joint
number 4 to force a 50 mm vertical displacement,

.i ] C Thus: Qs = qu...-o-oo(?_.19 )

Where Ks © stiffness of the spring. CoEi

2.4 Derivation of stiffness matrix of discrete

mathematical model

In the absence of intefior leoads, thé continuum
models (section 2.3.) beconme homogenous differential
equations of order n, whose solutions contain n arbitraryh
constants, Since the solutions define element configurations,
the constants represent n generalised displacements, Lo
Acdordingly, the flexural and axial continuum models cah;be"'
reduced exactly to discrete models,

This reduction is carried out in the following way:
first, the element configurations are expressed in terms

of the element - end displacements by imposing geometrical

i
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boundary conditions on the solutions of the homogenous
differential equations. Then, the element - end forces

are related to theelement end -displacement relations of
the continuum models (step 6 of figure 2.2 ). The resulting
set of algebraic equations form the basic element models

used in displacement method for analysis of frame structures,

ffness

2alke Flexural deformation model Sti”7;

Figure 2.6 depicts a beam under the action of end forces
but without interior loads. To formulate relations between
the end forces and the corresponding end displaceuments,

we start with the homogenous differential eguation,

avi/axt = 0 (2.21)

which is obtained from equation(2.8)by setting P = O,

The geometric boundary conditions are

V(0) = Va, dv(0)/dx = Ba
v(l) = W, dv(L)/dx = Bb (20 22)

Eg 2.21) has the so6lution,
VaCleC x#Cux®4C x> (2.23)
0 1 2* 3 Pl

by definition, the co-efficients of eq. 2,23 represents
generalized displacements and the element has three degrees
of freedom. The reasons for introduzing equation 2.22

were given by Holzer (1985) as: (1) it satisfies the

homogenrious differential equation of a beam: hence equation
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2+23 characterises the configurations of the beams

subjected to boundary actions,

(2) polynomials form basic building blocks of many
interpretation functions - elso used in the finite elemenf.
method,

Selecting the élement - end displacements, W, 0%, ¥b
6b,as generalised displacements and expressing the '
fonfiguration in terms of them can be accomplished by
imposing the boundary conditions (eq. 2.22) on eq 2.23 which

Yields the set of algebralc equations:

CB = va
C1 = ea
CO +« LC1 + L2 ce L3 c
+ 3 =Y (2.24)
C1 + 2LCZ2 + 3LC3 = Sb
whose scolution is:
Co - 'a
Ci u Ga
. 2
."1 - -2 - [
C2 /L ( 3va Lea + 3vb Leb) (2.25)
3
Cy= /L (2va + an - 2vb + Leb)

Substituting eqs. 2.25 into eq. 2.23 and collecting
terms of like displacements, ithe configuration of the beam

cam be expressed in the form,



V= ¢ aVa +faca +
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¢ bVb + ) bed (2. 26)

ea-1-352 + 253

Ya = (€ - 2€E°% + €°n | (2427)

fo= 3€° -

Wor= (- € °
and

Y- aa,

0 <& = § £ = 1 (2028)

The co-ordinate transformation is Eq 2.28 was

introduced to simplify the sclution, it results in the

following transformation of derivatives as given by

Holzer (1685).

divayp ™ = Q)" dv/e € R [ 12429)

with the aid of Egs...2.9, 2.26 and 2.29, the

bending moment anc shear force can be expressed as

M(E) = eI’ (.9: v

"

'(E) = EI/L?" (ga va

where

¢-a" --6+‘|2E

L "

"
a x ?a 98 ¥ pb vb + v‘b eb)

m " " T
*¥, 0, +fvy *+ Y,0,) (2.30)

. ¢aﬂi = 12

lfJa“ = ( - L4+6 E N lfJa'" = 6L
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.'E

" = 6~ 12, B =-12 (23)
A b ! :

L,Jh Y - P --. E Lo s L}Jbln - 6L ,

1 b

4 On the basis of the beam sign convention of figure

2.3b, the end forces of the beam in figure 2,4 are defined as

Y

.

. Ma= -mO) , Va = v(0) |

i Mb = M(1); Vb = V(1) O (2.32)

The evaluation of equsation 7,30 and 2.31 according

to eq. 2,32 results in the force displacement relations.

l Va =0 (12V¥a + 6L8a - 12%b + 6LSB)

Vb = C (~12va - 6L8a + 12vb + 6L4b)

‘;- Ma = 0C (6lL.va + l_|,L‘?Ba ~ 6Lvb + 2L26b)
2

Mb = ¢ (6LVa + 2L°%Ba - 6LVb + LLZeb)  (2.33)

i .
|

.
: 1 |
|

2 4,2 Axia)l Deformstion Model Stil i ness

! C;ﬁsider the bar in fig. 2.7, subjected to end axial
forces Ta, and Tb, We seek to establish relations
between the end axial forces and corresponding end
displa;:ements wa and wb.

Without interior load the differential equation of the bar

in eg. 2.18 becomes

X0

dw/dx* = 0 | (2.35)
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Fig 2.7 Axial Deformation Model stiffness
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The geometric boundary conditions are w(0) = Wa
U(l-) = Wb . (:’.?6)

The solution of eq. 2.35, w= C; + C, X, can be
specialised by geometric boundary conditions this gives:

C6= wa
C,= /L (Wb - wa) { 2.37)
and hence, Y= " + x/L (Wb -W¥a3) (2. 38)
dw

we know, T(x) = EA g

:t. Tx = AE/L  (%b - wa) (2.39)

The evaluation of equation 2.39 at x = O and L consistent
with the sign convention in fig. 2.4, that is Ta = - T(o) and

Tb = T(1) yields the desired force displacement relations.

Ta = AE/L (Wi - Wb)
Tb = AE/L  (-wi 4+ wb) (2.40)

2.4.3 Stiffness of combined Axial and Flexural Model

In preparation for meatrix methods of analysis, the
discrete element models (section 2.3) are now expresced
in matrix form. Matrix nctation permits one to uni ty

L

distinct structural elements in a mathematical form that

reveals their common characteristics.
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j“
de
In matrix notation, the conventional x, v =z, designations
of the element cc-Ordinate axes shown in figures 2.3 |
(FDM) and 2.4 (ADM) are replaced by the integers 1,2¢3.
Thus, the 71 - axis, which is directed from the a-end to
the b-end of the element, concides with the centroidal
axis of the element and the 2 and 3 axes correspond to
principal axes of the cross-section fig. 2.8. Since this
co-ordinate systen is intrinsic tc the geometry of the
element,lit is called the local coerdinate system or the
local frame of reference.
The element - enddimplacementsand forces, denoted

di and fi, are numbered in the seguence of the coordinate
axes from the a - end to the b ~ end of the element,

i = 1,2,3,.;.;..m; where m is the number ¢f degree of
freedom of the element. This is, 1llustrated in fig. 2.9 a
ani b for elements with axial and flexural deformations,
respectively and in fig 2,8 and 2,9¢ for element with both

axial and flaxural deformations. Moreover, to
regard the element end displacements and forces as |
coordinates, a local reference frame is assigned to eéch:
end of element (fig. 2.8, This provides a simple sign
convention A displacement or force is positive in the
direction cof coordinate axis. The positive sense of a
rotation or moment about the 3 ~ axis is determined by
the right hand rule: hence, the positive sense is counter

clockwise in the 1,2 - plane, the plane of the element,
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Fig 2 .8.
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According to these conventions, the elements in fip 2.6
(F D¥) and 2.7 (ADM) are represented as shown in fig. 2.9,

and b and their models are expressed as:

M
£fi = Z kijJ dj 3 4 = 1,2,00000.m  ( 2,45)
I=1

or

f = kd 2.46)

where kij is stiffness coefficient by Eq 2.46. kiJ has
units of force/displacement. k is the stiffness matrix, d

is the displacement vector, and f the force vector.

Flexural Deformation Model

From fig. 2.9b, the substitutions

d, = Va, ¢, = 8a, dy = Vb, d, = € (2.47)

2

and
f1 = Va, f2 = Ma, f3 = Vb, fiy = Mb

transform Egqs. 2.33 into

f, = (1241 + 6Ld2 - 12d3 + 6L44)
£, = @ (6La1 + k172 - 6La3 + 2L%A)  (2.48)
f, =0 (12d1 - 6Ld2 + 12ds - 6LdL)
£, =0 (6Ld1 + 21242 - 6Ld3 + L12d))
or
KASHIN 'BERARIM 1IRR4ARY

AHMADL, BELLE UMIVERSIT
ARIA s NIGERIA.
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Fig-2.9- Deformation Models
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-fﬂ s T & |- 12 6L d17
| 2 2

£ el 6L oL a,

£, = & [-12-6L 12 - 6L d

| 2 2

) le &P |- e w? e, |

where
o= E1/L>

AXIAL DEFORMATION MODEL

From fig., 2.9a, the substitution ¥ = AEJL
and
d1 = ‘-".‘3, {j;" = Wb

£1 = Ta, fo= Tb | (2.49)
Transform Eq. 2.40 into

Y (d1 - d2)

¥ (-d* + d2) - ; (26 50u)

1

f

£
or

£ Y| -1 d

- - 1 3 {r, 00
1 62 oh)

hy

s ‘ where Y= AE/L

AXirl 4+ PLEXURAL DEFORMATICN MODEL

when these two deformationsoccur simulizneously as
“rame, 1t ls necegsary to combtine them into a single
element, To superimpose the models .of the elements in fig.

2.9, b to obtain the model of element in fig 2.%c, we
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introduce the following change in subscripts. The subscript
2 in eq. 2.50 is replaced by the subscript L, and the

‘ subscripts 1,2,3,4 in eq. 2.48 are replaced by subscripts
’, 2,3,5,6, respectively, This yields the combined element
model.

fﬂ B c 0 -B 0 0 a1
£2 0 12 6L 0 2L 6L az
£3 0 6L LL

fly -B o O P 0 0 aly
£S5 0 =12 -6L 0 12 - 6L das

- 2 - 1y 2
fé 0 €L 2L o -6L LL" d6
- - L - L -
f - 4 ]
2.5 Derivation of Stiffness ' E S,

In the support settlement problem, the assumed spring

model has a direct effect on the system stiffriess matrix

model at a particular supprort and direction. The derivation
of the stiffness matriy 'n =uch case is simple. By
ohservation, the plobal stiffnecss matrix for spring mode)

will be of the feollcecwing forii:
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Ks = pK1 0 7 -
0 K2 o© 0
0 0 K3
KG 0 o
0 0 KS
b (o o© k6 i (2.52)

Where the subscripts 1,2,.......6, imply the same meaning

as in the eg. 2.57

And K1 = AE/L similarly
K2 = AE/L
K3 = 3EI/L
where

}‘3 & AT ETe

hotational Stiffnesse=.

KL
KS
K6

The system model for spring is now

Qs = Ksn which can be

superimposed on . = Kqg

And hence

Kg + Ksg = 0 »

where K is defined in eq, 3,20

K8 is defined in eq. 2.52
Q 4is equivalent force vector

Q8 is spring force vector

= AE/L

= 3EI/L

obtained as follows:
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CHAPTER THREE
FUNDAMENTALS OF MATRIX DISPLACEMENT METHOD

3.1 Introduction

A general approach to the maztrix displacement method
is presented in a form, which makesit suitable for
computer analysis of frame structures
represented as an assemblage of discrete elements,
Specifically the chapter developsand reviews the foundation
for the matrix displacement method as applied to frame
structures under support settlement.QOnventions are
introducedto represent frame structures in a form suitable
for computer analysis. Next, the degrees of freedom are
enumerated, conditions of compatibility and equilibrium are
formulated without references to a2 visual image of the
structure and coordinate transformation,required in the
assembly prcceas,is presented. Finally an efficient
procedure is formulzted for the assembly of element models
into the svstem mocdel and element actions are incorporated

in section

;- Notaticrn and Convention:
“n ordi '~ analyse y Troome tructure in a £
uitable for jauter analysis, it is convenient to imape

o106 1o
4 RS B
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A Joint is a point to which at least one element is
incident. It is used to conmect one element to another,
while an element is a structural component represented by
a straight line connecting two joints, A Joint is placed
at each element and several elements have a common Jjoint,

For a typical modelled frame structure see fig. 3.1,

3e2.7 F.pame Xructure Gecmetry

The locationand orientation of the global frame of
reference is arbitrary; HOwgver, the structure is assumed to
lie in the 14 2 global coordinate plane. The global
ccordinate axes are represented by dashed lines to
differentiate them from the soclid local ccordinate axes (fir. 2.2\
The positive element (local) 1 - axis is located from the
lower joint number to the greater joint number, The positive
2 - axis is located 90 degrees counter clockwise to the
elerent positive 1 - axis. Both the global and local

-

3 - axes are chosen to meke the plane of reference ripght-
P

handed.

32 ¢ o =ord innte

3 T be prorperliv 1 ted with respect

to the global system. fFor most frs tructures zreblems,
it is convenirnt, but not necessarv, * orient the positive
Y- A b hiat t run: Cs3t t 1. Fie

irect y c Qpr Gl & h - i ther 1 1
!:\. i;“'.:‘a inyr & L1ind W degree! Aa | " 0 watl res] ect to thu

1 7 - aard o 3 00 3 g S 5 e ~ g P

positive 2 - axis (see fig. 2.3 ) ard finally the positive

3= axis ls chosen to make the glob:l Trame of reference
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FIG. 3.7 TYPICAL MODEL OF A FrRamE STRUCTURE
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— 4
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§2

FIG. 3.3. SUGGESTED ORIENTATION OF
GLOBAL COORDINATES A FRAME
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'y

right -handed. The reason for this particular selection
of co-ordinate orientation will become more apparent .
when entering joint loads data (Appendix 1). Finally the
Jjoint coordinates are given by the 1,2 axes similar to

conventional x,y - axes.

3.2.3 Joint Numbering

Each joint must be numbered for identification. It
is necessary to number the Jjoint in a particular sequence.
Random numbering is allowed but will require that a large
amount of computer memory (Random Access Memory RAM) devoted
to store the structural stiffness matrix. This will
required a longer analysis routine and decrease the
maximum size of structure that can be analysed.

To decrease the stiffness matrix storage requirement
(hence decrease the analysis run time) an optional numbering
scheme can be employed. Joint numberings optimization is
achieved when the maéximum numerical difference of all the

element joint pairs are minimised., Example of joint

numbering is shown in figure 2.,

The best joint numbering scheme for minimum half
bvandwidth is to have adjacent joint numbers as closely
together as possible. Vften structures are predominate
lonper in one direction. Such ~tructures have inherent

©otin. (Abubakar, 1987)



2 » e " -
! N
{ 4. ) S I3
NJ = \5
Ne =18
FIG. 3.4 TOINT NUMBERING SCHEME

AND ELEMENT CONNECTIVITY
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3.2.4 Element Connectivity

I An element is connected to its joint pairs., The*
local 1- axis is directed from the lower to the higher
number joint to which the element is incident. The
numerically smaller joint number is termed as 'a-end’
wLiie.the numerically nhigher Jjoint is termed as 'b-end ',
Connectivity is achieved by drawing an arrow to each element

pointing to the higher numbered joint to which the

element is incident, See figure 3,), -

3.2.5 Element Numbering

Each element must be numbered for identification.
Elements can benumheréﬂat random. NoO time or storage
space 1s saved by special numbering schemes. However,
element can be numberedin such way as to facilitate data
input and easy to understand output of analysis. See

figure 3.4 .

3.2.6 Spring Data Input

Spring data: Spring data involves data concerning
horizontal,vertical or rotofional springs used in structured
frame (see Appendix<l for spring coding)., If there are no
springs in the frame this data 1o bypassed. The springs
should only act at Joints and their direction and value

are always positive. The nunmber of row s of data that are
ready to receive input asre penersted by the initiclising

datajno, of springs, spring stiffness(s) ot a joint etc

.



47

3.3 Generalise Displacements

; By definition (section 2.3 ), generalised displacements
are independent parameters required to define the
configuration of a model. The number of general ised
displacement is equal to the number of degrees of freedom of
the model. 1f the discrete element models of chapter 2

are assanbled into frame structure, the resulting system

model is also discrete; that is, it has a finite number of

degrees of freedom, Holzer (1985),

( 3.1)
n=L%N - Net d
where,
1 = degrees - of - freedom of 3 free joint
( = 3 for frame structures)
NJ = number of Jjoints,
Nct = number of Jjoints constraint.
Lg 3.1 follows from conditions of compatibility, which

-

are boundary conditions, expressed as joint constraints,
and continuity conditions between element and joint
cisplacements, If an element h&s l.ﬁf?ruwa of freedom at
each end, a free joint at an assembla

elements hacs i degree of freedom, Thus, the number of

cegrees of freedom of the assemblage is eaual to l
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Each element require 3 independent unknown internal
forces (Wang 1983), thus working the degrees of
indeterminancy of ‘the model

NI = 3:2MM - n (3.2)

Since the discrete element models do not represent

element actions, assemblages of these elements can only

represent joint actions such as joint loads and prescribed

joint displacements, Element actions will be incorporated
in section 3.8.

3.4 Components of the Model

A mathematical model of a structure is composed of
conditions of compatibility, Conditions of equilibrium,
and constitutive laws JSSecticn 2.2 ). The constitutive laws,
representing material behaviour, are inherent in the element
models. Hence to assemble element models into a system

mode}, only the conditions of compatibility and

equilibrium need to be formulated.

For the sutomatic computer assembly of element models

I Y ’
the conditions of compatibility and equilibrium will be
formulated by the code number tectmique which was intrcduced

by Tezcan (1563),

) 4 Yoot A 14 4
ey . UMD2TI01I L1 TY
- ——— e 7o et s,

The conditions of compatibilitv ceén be expressed in
compact form by the member code matrix, M, which is defined

as in Holzer (1985)%
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M- (M) (3.3)

z

(NE, m)
where
Kif D.j -QR; k-- 1.2...&.“

MiJ =
'0' otherwise

gk = joint displacement corresponding to the system

degree of freedom, k.

DJi = Element - end displacement referred to global

coordinate axes.

Thus the i-th row of M corresponds to the ith element,
the jth column of M corresponds to the jth element
displacement and the entry in the location defined by the
ith row and jth column of M is k if the element displacement
D;Ji corresponds to any joint displacement gk. Otherwise it
is zero.
The significance of the member code matrix is that

once it is defined, no visual reference to the structure is
required to formulate conditions of compatibility or
equilibrium for the assemblage specifically, the displacement
vector of the ith element can be defined by the following

transformation.
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DISPLACEMENT TRANSFORMATION q-—e D*

1. Match the row of D1 with the entries of the ith row

=

of M.
2 Assign the values gk to each component of D1 that

corresponds to a positive integer ke
3» Assign the value zero to each component of Di that

corresponds to a zero integer.

3402 Egquilibrium

Any configuration of a system for which all generaliscd
forces vanish is an equilibrium configuration (Holzer 1985).
Since generalized forces correspond to generalised displncements
in a work sense, the generalised forces of assemblages are
net force in the direction of the joint displacements.
Particularly, the kth generalised forcey Rk, is equal to

the sum of the external force, Qk , and the internal forces

corresnonding to the joint displacement, ake.

Therefore, for an ne-degree of freedom system comnosed
of NE elements, the condition of eguilibrium gives:
NE poo
Q= Q
i=1 (Fets)
where § = n - dirnensional apalied joint force vector,
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Fqi = n - dimensional internal force vector supplied by
element i, that is the generalised force vector of
element 1i.

Since the member code matrix identifies the element

displacements, Dji, that are equated with the Jjoint displacements

gk, it also serves to identify the corresponding element
forces, Fji, that balance the applied joint force, k.

Accordingly, the generalised force vector of element
. ¢ Fqi, can be obtained from the global force vector of

element , Fﬂ as follows,

FORCE TRANSFORMATION: &> M p.l

e ———_

1. Match the rows of Fi with the entries of the ith row of M,

2. Transfer every component of F* that correspénds to a
positive integer k to the k- i row of Fgl.

3. Assign the value zero to every row of Pqi that does not

-
=

receive a contribution from

3.¢ Coordinate Transformation

Eince element models are expressed in local coorcdinzates

-1 - - ) ar 1 . - | . M 1w ~ . + -~ - - &~ g
and 131_::{,‘71.;'."! in 1101-."!1 coorcinzte > \."'."-sl.n;:‘fl' 1"‘.!'.‘.._~ )

TU T 5 depicts the 1¢ ) lobal coordinate
Pt H lement of plane . Ters B!
i 4 it L [ =4 ..f 41 | J -
sC0 that both local and global * axes are conincident, |ive:

Pr \ o : ; - WAV aa " _ e o 7 :
(1978), From figure 3.% , the rotation matrix is
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FIG. 35 LOCAL anD GLOBAL CO-ORDINATES FOR
AN ELEMENT OF PLAE FRAME
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C1 c2 0 c1 = cos ©
A=|-C € 0
o} o) 1J C2 = 8in € (3.6 )

The rotation angle @ is measured from global 1 - axis

to the local 1 - axis; its positive sence is counterclock

wise. The rotation matrix (Eq 3.6) is used in transformation

between local and global co-ordinates to formulate
displacement analysis technique., Specifically, these
transformations are of the form

d =AD (3.7a)

and T
FapAf
(3.7v)
Where d and D are the local and global element disnl
ment vectors, f and F are local and globzl element force
veclors, and s\. is the transforma*tior mzairix {rom global

to local coordinatese.

1
D

O
0 A L."‘I'.';

A

A is defined in Ea. 3.6.

ancsexhly Proces: (Utiffness & force

in this section, the matrix displacement method i:

presented in a form which makes it suitable for

co
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computer analysis of framé represented as an assemplage of
discrete interconnected elements., Specificalily, conditions
of compatibility and equilibrium are formulated without
reference to a visual image of the structure, and an
efficient procedure is employed for the assembly of
element models into the system model.

If the local and global reference frames are distinct,
the local element model.

Fla Ky T e 1 20svenlB (3.9)

must be transformed into the global element model.

i

plo_ ki

pt (3.10)

Where the global element stiffness matrix
Koo AT A Al (3.11)

Eqs. 3.10 and 3.11 are obtained from ¥q. 3.9. and the

contragradient transformation Eq., 2.7, as follows:
= | IT .. i i i iT L iad i
. At o AT klat. AT KiplD
= K0 ( 3.12)
The global element model is next transformed into the
generalised element model

Fq' = Ma'q (3.13)
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by conditions of compatibility. Finally, the
subgitation of eq. 3.13 into the equation of eguilibrium,

‘eq. 3.4, yields the system model
! kg =0 (3.0 )

Where the system stiffness matrix
NE

| (k= 2t (3.15 )

The generalised element stiffness matrix, Khl,
can be constructed efficiently from the global element

stiffness matrix, Kl, with the aid of the member code matrix

as follows Holzer (1985)

'r',;:?‘s:’;//
STIFFNESS MATRIX TRANSFORMATION: 1% A7
KRN
! Ib :‘-«‘)".{‘\.{?‘(‘?
ik M rk@i Q%§<p47(,
4; ('}f &?
o s
1« Match the rows and columns of Ki with the entries f@)

of the ith row of M,
2« Transfer every coefficient of ki whose row and
column correspond to positive integers J and k to the

j-th row and k-th column of Kqo.

1 . :

3, Assign the wvalue zero to every location of kﬁlthat does

not receive a contribution from kl.

Eq. 3.14 represents a set of simultaneous, non-homogen.
alpebraic equations in the unknown joiildisplacements,
The solution to eq. 3.14 is unique if the system stif{fness

matrix is nonsingular, that is, if K has rank n. Physically,
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“v.

this means that .the assemblage 1s sufficiently constrained

to prevent (finite or infinitesimal) rigid-body displacement.

Accordingly, the initial configuration is a configuration

of stable equilibrium.
o .

3.7 Formulation of Global Element

To apply the matrix displacement method to interconnected

framethe global element stiffness matrix need to be formulated,

The local element model (eq. 2.,51).

f=lkd  (3.16a)
where
K = haa hab
hba kbb
- 9
=B 0 0 -B 0 0
12 6L 8 -12 6L
0 6L LL? 0 -6L  2L°
-E 0 0 B & ¢ (3.16b)
0 -12 -6l 0 12 -6L
0 6L oL? o 6L m,z_J
and 3

KX = :-:1/1,3, B = ALZ/I, Y = oap = AE/L

The substitution of the partitioned A - Matrix
(tg. 3.8) and the partiticoned k - Matrix (a.2,16b) yield

the glokal element stiffness matrix in the form.



K
where
Kaa
Kab
Kba
Kbb

= Kaa
Kba
- AT
AT
s A%
- AT

7

Kab
Kbb

k aa
k ab
k ba
k bb

> > >

A

(3.17)

(5.18)

Since K is symmetric, it is sufficient to compute the

coefficient of Kab and the upper triangle portions of Kaa

and Kbb.,

Kaa =

oc

Cc1
c2

-

The resulting global

element can be

-
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g2
g3

- C2
C1
0

g2
g3

stiffness matrix of the frame

Ol |B
ol |C

1] 1O

el
g5
g6

expressed as:

For example, by Eqs. 3.6, 3.16, and 3.18

O 0 C1
12 6L -C2
6L hLQ 0

c2
C1

(3.19)

g6 (3.20)



where

g1 = oo (BC,” + 12C,)
82 = aL,C, (p- 12)
g3 = ac(pcg - 12c‘;" )
B4 = - m 61..(:2

g5 = pe 6LC1

g6 = a LL?

g7 = 2Le

o = EI/Lj

B = ALYI
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3.8 Element Actions

N .
AR - .
In presence of element 1loads, the Jjoint displacement

no longer represents generalised displacements of assemblage,
Holzer (1985); that is, the joint displacements are not
.sufficient to define the configuration of elements

subjected to loads,

o However, the Jjoint disprlacements, the element -end
Ifor;és, and the joint forces can be computed by a procedure
known as resolution of actions. It includes load resolution,
analysis of an eqguivalent Joint load system and resconse
'superposition.

Y .
" 3.8.1 Resclution of Acticns

Element actions may consist of loads, temperatufe
changes, element imperfections, prescribed displacements |
(such as support settlements) etc, The actions of the .
structure are transformed into equivalent joint loads

by the resolution.

T

R R S S - (3.22)
where | :
I = actusl actions of the structure; they may o
} consist of <lement and joint actions | |
e

1 = Fixed Joint actions; they are composed of the
i | actual element actions and joint loads required to

prevent joint displacement.
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l= equivalent joint loads.
= A
Since the jointscorresponding to ) do not experience

displacements, the element - end forces are fixed-end forces
that can be computed from formula developed for specific
element loads.

Note that 1 contains only joint loads because the

element actions are introduced in 1 and it follows from e,
3.22 that
PO, (3.23)
Thus the equivalent joint loads can be obtained by
substracting the fixed joint loads from the actual loads,
Hence, the response to 1 can be determined by the matrix

displacement method.

In matrix form, the eqguivalen. joint load can be

expressed as

g ~
Q =Q-0Q
where
Q = actual joint load vector
A . -
Q@ = fixed joint load vector

]

equivalent joints load vector.

0o

— o

C is prescribed and Q can be computed z= follows:
1« For each element subjected to acticns, the local f
ar y
end f, is computed and transformed into the global fixed

A »
end force vector, F

oy
s

A
5 it
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2. The generalised fixed end force vector, Fqi. is determined
by the force transformation(section 3,4.2 )

3 i
F "% (3.25)

N e

3. The condition of eguilibrium eq 3.4 , is imposed to
vield

i=1

Once the responces to L and 1 are determined, they
are superimposed , eq. 3.22, to yield the actual response.
In particular the actual element force vectors can be

expressed as

?i = fi + ?i (3.27)
where
7 o= i
Then the actual force joint force vector Pj can be comiuted.
Note that the joint displacement correspondin- 1
and 1 are identical because, tho joint displacer nic correse
ponding to ? are zero by def
i.e.
3 = o+ a = {(3.28)
lse
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3.9 Summary
The complete process of matrix displacement method
with element actions is presented in a form, fig.3.6, that

facilitates computerization. The key steps are .

1« The unknown joint displacement are selected as the
independent variables.

2+ The element models are formulated eq. 3.27

3. The element models are assembled into the system
model, the model of the structure, by imposing the
conditions of compatibility and equilibrium. The
conditions of equilibrium balance the applied joint forces
and the element forces in the directions of the unknown
joint displacements. This assures equilibrium of the
assemblages. <he svstem model represents a set of
simul taneous algebriic ecuations in the unknown joint
displacements.

. The system model is solved for the joint displacements.

5. The element end forces are computed by substituting the
values of joint displacements into the element model
eaquationg,

6. The applied and reactive external l'orces at = Jjoin

Are then computed from element forces.



63

A UNKNOWNS
n1y
TR W
2.ELEMENT| = o
MODEL | ' S ELEMENT FORCES
g —fi: Kid‘l + ,f\i' | B p; |
T:
Assembly
(Section 3-6)
3 SYSTEM
MODEL
A
1" Kyekeg:=Q+Qs
o SYSTEM STIFFNESS MATRIX
4L SOLUTIONY : .
. K'Y M, kg
o' Mg q , }
d - & Ko - % l«i‘ L
Eq_ 3.70 ' : ' '=1. |
n = number of system dof - EQUIVALENT LOAD VECTOR
m = number of element dot gvOM, BN r\% Ei
; Y T o9
Q -0 -0

NE = number of elements

Matrix Displacament method wath Element

Fig- 3.6 .
Actions And Spring Madel[Holze ) (19 85)



B FOU

-

SIMULATION MODEL

It is necessary to simulate the structure with a

simple model to understand the behaviour of whole structure-.

Three different simulation models and a parametric study

are considered as follows:
1. A Direct spring model
2. Settlement of beam and frame

3.Stiffness variation of beam and frame.

L., Parametric study (e.g. Geometry,settlement & stiffness)

b1 Direct Spring model (William 1978)

A problem of concern to many engineers is analysis
of a structural system resting on an elastic foundation.
Examples of such systems are first, a2 frame structue with
support settlement (fig. 4.%® and second a continuous
building foundation, railtracks, highways or airport-
pavements, which can be idealised as heam on elastic
foundation (fig, L.1b).

The basic assumption is that the intensity of the
subgrade reaction is proportional to the deflection of
support or beam at any pecint. This assumption greatly
simplifies the analysis, as now the frame support or the
beam supports are springs with known spring stiffnesses.
The matrix analysis of such supports on elastic founcation
is easily accomplished with the technicues of frame

analysis.



a:
FRAME SUPPORT SETTLEMENT

BEEEEN

FIG. 4.1 BEAM ON ELASTIC FOUND.



L.2 Settlement of Beam and Frame (Schodek - 1980)

b.

4.3

and

-

Support settlement in a simply supported structure
often causes no bending moment to develop in the
structure since it simply relates freely as it settles.

(see fig. L.2a)

Support settlement in a fixed ended structures cause

undesirable bending moments to be developed.

(see fig. L.2b)

Support settlement in continuous beam can cause incro-:r

BV te be vdeveloped at different locations in the
structures over those normally associated with loading.
Downward settlement of middle support causes point of
inflection to move inward., Thus, increasing the
mid-span bending moments. The reaction at the beam

ends also increase. (see fig. L.2c).

d

Support settlement in frame structure can cause incre-nod

bending moment tn he developed at different
location over those normally associated with loading

jointls), here, becomes most critical. (see fig.lio2d)

‘Stiffness Variations of Beam and Frame

The different cases of =tiffness variaztions of beam

frame are discussed as below:
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FIG. L2 SETTLLIMENT OF B:AM




FIG. 4.2C: SETTLEMENT OF CONTINOUS

BEAM
3 ) liet SR T —— -
@ © ——
7\

@

BMD wunder
nOrn'nl loodin

FIG.4.20: Settiement of frame
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_CASE - I Stiffness Variation of Beam at the Ends

a, Fixed end beam in which stiffness approaches zero at

each end of the beam. (see fig. L.3a).

b. The reduced stiffness reduces the capacity of the beam
tc result rotation at that points.Consequently this
causes the point of inflextion to be developed at these

locations. (see fig. L.3b)

c. The changed location of inflection points causes a
change in bending moment diagram. In this case, the
BMD is quite similar to that of simply supported beam.
(see fig. 4.3 ¢)

CASE-11 stiffness Variation of Beam at the Midspan

Fixed end beam in which stiffness approaches zero

A

at the centre of the bear reduced stiffness.

(See fig. Lh.?1 @)

e, The reduced stiffness at the centre causes the point

of inflection to deveiop at this point. (see fig.Lh.3e)
f

f. The member behavine like twe cantilever beams each «

length 1/2. The BMD is as shown in fig.h.3d
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E} reduced stiffnes-zj

lk"n.h-) Q

EE BMD

M = WL/, C

FIG. 4.3 ° Stiffness Vaiotion of Beom

=

FIG.4.3 ' Stitfness Variotion of Beom
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IIT creased Stiffness at End o

g. A fixed end beam with increased depth (stiffness) at
each end. (see fig. L.3g).

h. Since the beam is stiffer at either end than in the
middle, the point of inflection tend to move toward
the middle of the beam than they do in beams having

a constant cross-section. (see fig. L.3h).

i. The change (movement) of the points of inflections
inwards affects the moment diagram. C(ompared to a beam
with constant cross section, more moment is developed
at the fixed ends and less at the ™Md-span, More
moment has been attracted to the ends due to
increasing member stiffnesses. Note that the sum of
positive and negative BM remains WLZ/B. The total
moment present has thus not been changedonly its

distribution. (see fig. L.3i).

Thus, moment has been attracted by stiff portions
of the member. This is a point of fundamentzal interest

from a design view point.

o T
CASE IV Increased Stiffness of a frame

Je In simple frame, the Beam BC can be idealised as the
case (III) (See fig. he3)e But if you increase the
overall stiffness of the structure by same amount,

there will not be any difference in force distribution.
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FIG. 4.3: Stiffness Variaotion of Frame
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Parametric Study_

-

Frame structures are important structures in normal

routine desi gn. The behaviour of frame structures for the

a1 pport settlement conditionsand stiffness variations

should be sufficiently investigated. For this reason, we

select different geometry, settlement and stiffness then

analyse the same configuration and compare with the other

results., This helps us to see how a particular joint will

displace,the magnitude of the forces induced in a

member and which member will be critical.

To know the different parameters, a complete table is

given for identification. The following parameters are

considered.

Two storey flats have been selected and the critical
different sections A/D (3-bay frame) and B/C (2-bay frame)
are analYsed under normal loading, and load cases and

load combinations, The preliminary design cross-

sectional dimensions are considered here.

The geometry of the two storey flats is changed at

sections A/D and B/C i.e. 1 storey and simple frame,

Different conditions for support settlements like
external, internal and differential settlements are
considered for all the different peometries mentioned

in (2) above.



k. . 1 bay simple frame and 1 bay-one storey frame is also

considered and analysed under normal loading conditions

and support settlements,

5. Finally, the analysis of frame at sections A/D and

B/C under various dimensional changes (stiffness) like

10% & 25% increase in cross sectional area is considered,

P
CASE STRUCTURAL GEOMETRY |STRUCTURAL
CODE

NUMBER( SCN)

A. 3 bays and 2 storeys
(See fig. L.l4a)

B. 2 bays and 2 storeys
(see fig.L4.4B)

C. 3 bays and 1 storey
(see fig. Ly C)

Gos
G31
G32
G 33

G06
G35
G 36
637

Glh1
GYy2
GL 3

SUPPORT SETTLEMENT(A )

Undernormal loading
20mm A at (13)
20mm A at (9)
1mm A at (9)
2om A at (13)

undernormal loading
20mm A at (1)
20mm A at (8)
Smm A at (»)
10mm A at (1)

>0omm A at (10)

20omm B at (7)
10mm & 20mm A at

(7) & (10) respectively.,
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]D. ' 2 bays and 1?-lto:‘ey

(see fig.h.L D)

3bays simple frame
(see fig.h.l4 E)

2 bays simple frame

(see figJyoly F)

1 bay simple frame

(see fig.h.l4 G)

1 bay and one storey

(see fig. L4 H)

3 bays and ? storeys

(see fig.Lh.L I)

bays and ? storeyg

(see fig. L.L4 J)

GL5
GL6
GL7

G51
GS2
G53

G61

G62

G10

20mm A at (1)
20mm & at (2)
20wm and 10mm &
at (2) & (1)Resp.

20mm A at (7)
20mm A at (5)
10mm & 20mm B =t (5)

& (7) respectively

at (1)

at (3)
Smm and 10mm A at

20mm A
20mm A

(3) &(1 )respectively.

under normal loading
(95+LL)
10mm at (4)

under normal loadings

(DL + LL)
10mm A (a) (L)

10% increase in
dimension(stiffness).

25% increase in
stiffness.

10% increase in
stiffness.
25% increase in
stiffness.




General theories and formulations of matrix displacement

method for PFS analysis under support settlement are
presented in this study. The objective in this chapter is to
discuss some important computational aspects pertaining to
the implementation of the matrix displacement method,

It seems possible, by using many elements, to approximate
any PFS with complex boundary and loading conditions to such
a degree that an accurate analysis can be carried out.

In practice, however, obvious engineering limitations arise,
a most important one being the cost of analysis. As the
number of elements is increased, the manpower required to
prepare the relevant data and interpret the result will
increase, and also a larger amount of computer time is needed
for the analysis. Furtherwmore, the limitations of the
program and the computer may prevent the use of a larger
number of elements t¢ idealise the structure. The limitations
may be due to high speed and back up (low-speed) storage
available, or the round-off and truncation errors occuring

in the analysis because of finite precision arithmetic.

Also the malfunctioning of a hardware component, if the
analysis is carried out using many computer hours, is
possible, It is therefore desirable to use efficlent

programming techniques,

The effectiveness of a program depends largely
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on efficient programming method and sophisticated use

of the available computer hardware and software. Nevertheless,

some effective computer programs have been developed on
micro computers. ’
In the following, the design of matrix displacement
method of analysis program, in which largely computer -
dependent procedures are used, is discussed. An actual
frame structure idealised as an assemblage of
interconnected elemgnts is assumed. The process of
analysis consists of essentially four phases of
the computer program:
1. Input pre-processing
2. Assembly & Solution,
3. Calculation of element = end forces
anc sunvort reactionse.

4. Output Results of Analysise.

A computer program using all the important features is
presented in Appendix IV.. As might be imagined, there 1is
no unique optimum program organisation and various different
and effective strategies are currently followed as in

datbe andet al (1974), Bathe (1975), and Harrison (1960),
Farts 1 & 11I. In addition, new ideas may be developed,

particularly as new computer equipment becomes available.

Se? Computer Frogram Organisation

The listing of the program PF is presented in
Appendix Iy .. Although, the Code PF is simplified in

various areas, it shows all the important features of more



general codes. The main objective in the presentation

of the progranpia to show the overall flow of_a typical

matrix displacement method program.

Figure 5.1 shows a flow chart of the program modules.

The user's guide is presented in Appendix I. The program

can be understood to be consist of essentially

four modeles: (see fig. 5.2 a, b, c& d)e.

1.

3.

INPUT PROCESSING ~ This module accepts all input data,
computes system degree of freedom and half-band width,
accepts spring data, establishes member-code-matrix,
calculates fixed-end forces, resolves appnlied action
and finally stores data into appropriate file for

further processese.

ASSEMBLY & SOLUTION PROCESS - At this module, first of
all data required for assembly process are read from
file and the module computes global element stiffness
matrix and stores the results into file., Secondly,
the module using K and U, solves the equilibrium
equations using triple matrix dem mposition technique

and stores the resulting displacements, q,into file,

CCMPUTATION OF ELEMENT END FORCES & SUPPORT REACTIONS -
Reads data required for displacement transformations
and computation of element end forces. Performs the
computations and stores the resulting element-end
force into the file, And secondly, it computes the

support reactions.



4. OUTPUT PROCESSING - This post-processing module
' reads displacements, element-end forces, and out put

information from the file.,

These modules are stored as separate programs (pPF 1-4)
on the Mini Floppy Disk  (see Table 5.1 for details)
and the low-speed storage allocations used during the

analysis process, i.e, the file.
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FIG. 5S.2b MODULE - 2
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F
END

FIG. 5.2D. MODULE -4



MODULE p DESCRIPTION

PF 1 Pre-processing Modulet? Accepts all input data,
generates other information necessary to complete
the analysis, and finally stores data into appropriate

file: for further processes.

PF 2 A ssembly and Solution Module:

(a) Performs the system stiffness matrix

transformation.
(b) Solves the equilibrium equations using triple

matrix decomposition technique.

&
PF 3  Computation of hlement- End Forces /5upport keactions
Module? Perform the transformation of assemblage
displacements into local axes and computes the

element-end forces.

PF I, Post-processing ‘odule. Ferforms load combinations

and output’ the desired results,

53 PROGRAM 1INFORMATION FLOW

The first module reads and/or generates all data
required for the complete PFS analysis. The input data

consists of the following categories:
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Problem Title

Contrel Information

Joint Coordinates

Elements Connectivity

Joints Releases

Spring Stiffnesses

Element's material Properties.

Load Data (Dead, Imposed, Spring Load etc.)
Out-put Information,

The full description of each category is presented
in the user's guide (Appendix I). With all the data known,
the program continues to generate other information necessary
to complete the analysis.

Consider first data that correspond to the joints.
The program is set up to allow a maximum of three degree
of freedom at each joint-two translationsand one jotational.
Corresponding to each joint, it must then be identified
which of these degrees of freedom shall actually be used
in the analysis, that is which of the three possible
Joint degrees of freedom correspond to degrees of freedom
of the assemblage. This is achieved by defining an

identification array as follows:

JR = NJ #* 3 where
JR = Joint Releases
NJ = Number of joints.



Element (i,J) in the JR matrix corresponding to the
Jth degree of freedom at that joint i. If JrR (1,J) = O,
the corresponding degree of freedom is defined in the
element system;, and if JR (I,J) = 1,the degree of freedom
is not defined.

Once all active degrees of freedom have been defined
by zero (in the JR array) the equation numbers corresponding
to these degrees of freedom are assigned., The procedure
is to simply scan row after rows through the JR array and
replace each zero by an equation number which increases
successively from 1 to the total number of equations,
that is, the total system degree of freedom. At the same
time the entries corresponding to the non-active degree

of freedom are set to zero.

At this stage, with element connectivity and joint
releases data known, the program generates the member -
code-matrix, M (see section : ! . 41). This matrix relates to
each element degree of freedom and hence the
corresponding assemblage degree of freedom. It is
convenient to connect array M (1,J), in which entry (i,J)
gives the equation number that corresponds to the ith
element of which degree of freedom j. The procedure of
establishing the connectivity array M (1J) is achieved by
ushg the element connectivity jeint pairs te extract the
element's assemblage degrees of freedom from JR array,

that is, the connectivity array of each element is determined



from the joints to which the element is connected and
the equation numbers that hav; been assigned to these

Jjoints.
Once the array M has been defined, the corresponding

element stiffness matrix can be added in compact form to
the system stiffness matrix, but the process must take
due account of the specific storage scheme used. As
explained in Harrison (1980), an effective storage scheme
for the system stiffness matrix is to store only the
elements on the leading diagonal and up to the half-band
witdh,

The triple matrix decomposition technique described
in Harrison (1680), is then applied to solve the resulting
equilibrium equations. Next, for each element, its
assemblage degrees 0f freedom are transformed to local
axes ane its end forces for each joint are completed to
complete the analysis process,

Once the analysis is completed, PF provides the
results in an output-file. Joint displacements (mowvements
and rotation.), and element-end forces (axial forces,
shear forces and bending moments) may be displayed
numerically on the screen or ;rintc:, 7The numerical
results outP8t is formalted to allow a quick comparison
of all displacements and forces created by each load
combination on an element can cuickly be obtai ned. 1In
addition, out put of results concerning particular

elements can be easily obtained.



CHAPTER SIX
DISCUSSION OF RESULTS

The results of analysis of the parametric study
have been depicted in the appendix III. In this chapter,
special attention is given to mark the effects of
parametric study at a particular Jjoint or member.

Different tables from the results of analysis are prepared
and percentage variations are calculated. The observations
and discussions from the comparison are marked:

Finally comments are made on:

- stress level
- satisfaction of CCDE requirements
- computing time

- computing scheme.



6.1 Loading Calculations
6.1.1 Loads for Section A/D (see fig. 2.1 a & b)

I. Roof Loading )
Dead Load
Z- Purlin & Roofing Sheets (say) = 0.3 kN/m°

x 259 = 0.54 kN/m

Beam self weight = 24 x «3 x .23 = 1.66 kN/m
Rendering = 2(.3 + +23) x .025 x 20 = 0.53 Xkii/m
Total gk = 2.73 kN/m (see fig 6.1)
Live load, gk = 0.75 kN/m°
X 36/2 = 125 kKN/m

II. Floor Loading

Dead Load
150mmth Slab =#150 x 24 = 3.6 kN/m2
finishes = 1.5 kN/m2
partition = 1.8 kN/m°
6.9 kN/m2

FK1 = 6.9 x 3.6/2 = 12,24 kN/m
Beam self wte. 24 X «3 %X 2% = 1.68 kN/m
Rendering = 2(«3 4 «¢23) x 025 x 20 = 0,42
Fk?= 2,08 kN/m
Total gk = 12.42 4+ 2.08
= 14,50 kN/me (see fig. 6.1)

Live Loai gk (required for residential flats) =1.5 kN/m

X 3.6/2 = 2.7 ¥N/m



6.1.2 Load for Section B/C

I. Roof Loading

Dead Load
0.3 kN/ﬂz

Z-purlin & roofing sheets (say)
= o ho1 06
54 B2 waum

1.115 kN/m

Beam Self Weight = 24 X3 %X «23 = 1.16 kN/m
Rendering = 2(.3 4+ .23) (025 x 20) = 0.53 kN/m
Total gk = 3345 kN/m (see fif 6e2)

Live Load QR = 075 (l'ol 3'§)
s 2

= 2.90 kN/m

II. Floor Loading

Dead Load
150mm th. Slab = .150 x 24 = 3.6 kN/m°
Finishes = 1.5 kN/m2
Partitions = 1.8 kN/m2
To tal fieq = 58 kN/m
. De enectn = ..‘ f. 2.6
Byq PET M length = 6 ”(‘?1 + *36) kN/m

= 20498 kN/m
Heam :;ﬂl“ wts = .?14 X e 7 X «23 = 1or’38 k.‘\‘/m

0e 42 kN/m.

"

Rendering = 2(.3 + «23%) (.02% + 20)

2. 080

3
o)
ct
4
]

) = 54775 kN/m

Live Load QY = 1«5 4.1 e O
‘ (5= + =
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DATA GO5 DATA GO7 DATA .09

@ (1) + 10% increase 1)+ 25% increase
1. Column
230 A=0,0529 253 A= 064 | 267 A= ,082
230 I=,00023 4,53 I= ,000341 J 57 I= ,00
lm. Beams (1st & IInd floor |
230 A= ,1025 230 A =.1138 230 A=, 1288
4L50mm I= ,0017 495  I=, 0023 | 560 I=,003}
3. Beams at roof level
230 A=,069 230 A=,0795 23 A=, 0862
300 I=,0005 330 I1=,0007 315 1=,0010

Assuming that the dimension will not change much the deac load, all the dead

loads will remain same in the both sections.

Table 6+1. Section Properties for Different Stiffnesses -+ Section A/D
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For section B/D

DATA GO6 DATA GO8
1« As in Table -1 As in Table -1
24 -do- -d0o=
u. -do- =-d0o=-
&.Column
230 A=.1265@° 230 A=. 138002
: 550 I=.0032m% 600 I=,00L1ml

Table 6.2-1b Section Properties to Defferent Stittnesses

DATA G10
2Tt Tathle =1
=do=
-d0 -
230 A=,1587m¢
5490 I=,0063m"
at Sectiog B/
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6.? INTERPRETATION OF RESULTS OF ANALYSIS OF SCN GO5

(a) COMMENTS ON GLOBAL DISPLACEMENT OF SCN GOS (see fig. 6.3)

%*. All-ve x - movements show that the frame will sway to the
left. |

2+ All-ve y -~ movements show that the frame will displace
downward.

3. Some rotations are in the clockwise direction and some are

in the anticlockwise direction.

(b) COMMENTS ON_ELEMENT-END LOCAL FORCES OF SCN GOS {see fig.6.4
& 6.5)

1¢ All the beams have a little axial rforce.
2« All the columns have a little shear force.
3+ The beams have shear forces and bending moments

4. The columns have axial forces and bending moments.

(¢) COMPARISON OF ELEMENT END LOCAL FORCES GOS (roc fige 6.5)

1. The maximum Axial Force will induce en column (5)

2, The maximum shear force will occur on element (&) at z-end.

3. The maximum-ve BM will occur on element {6) at a-end and
on element (L) at b -end. i.e. the joint number-will

j
be critical for bending wmoment,
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6o s INTERPRBTATION OF RESULTS OF ANLYSIS OF GO6

GLOBAL JOINT DISPLACEMENT: o R

1. All-ve x - movements show that the frame will sway to
the left.

Z2e All=ve y movements show that the frame‘will displace

downward.
3s Some rotations are in the cleckwise direction and

some are in the anticlockwise direction.

ELEMENT END LOCAIL FORCES:
1« All the beams have a little axial force.

2 All the columns have a little shear force.
%s The beam have shear forces and bending moments

4e The columns have axial forces and bending moments.

COMPARISON OF ELEMENT TNID LOCAL FORCES:

7« The max axial force will induce on column (3)
2. The max. shear force will cccur on element (2) at b-end.

3« For the BM, Joint number (5) wii be critical.

T
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CONMMENTS ON GLOBAL DISPLACEMENTS CONSIDERING
65 DIFFERENT PARAMETERS UNDER SETTLEMENT.

The Table 6.3 depicts the results of global displacement 9
at a particular joint under the external and internal support
settlement. The percentage increase in each direction are
calculateds We can see the undesirable effects of support
settlement on displacement distributions. All the three
displacements are increased substancially in either external
or internal supprort settmement.

Further, the effects of external and internal support

settlement on a particular joint is 3nalysed gee Table Ge4)

-——1
JN 1 LoM p o T V- %
MOVEMENT IRCBEADE] MOVIZIET INOTHATS JROTATION INCREASE
(mm) (1mun) X10-3,::
Al GOB14 2 - b2 -2 54 =2.58
63s5)4 | 3 |-182 L433,19% | =19.90  3685% 3,18  223%
G36| 4 3 ale 27 302.0% | =19 35, 18% -2.94 13, 95%
B| GO6|5 2 -, 40 - 51 - 443
G355 | 3 |-1.83 L57.5% | «o0791  15.50% | 1424 388
53615 3 -1.23 207.5% | -19.78 3778% < 86 300%
= [

TABLE6. 3: COMPARISON OF GLOBAL DISPLACEMENTS IN 2 BAYS & 2
STOREYS FRAME STRUCTURE UNDER SUPICRT SETTLEMENT

;CN = Structure Code Number. DIL. = Dend Load.
= Joint Number LL = Live Lo
= Load Combination. S8 = Under Supnort

I1f 2, then under DL + LL

If 3, then under SS
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scN | I | LEM ) ,e Y- % 7 »
MOVEMENT INCREASE | MOVIMENT INCREASE | ROTATION INCRIACE

(mm) ) x10™RAD

A{GO5 | 14 ~0,04 -e21 <69

2.36 (5900%) “19.77 (9L ) |  =L.k8  (TLIK)
2.36 - -19,86 L. 61

Bl G31 | 1k
Glt | 11

G51| 8 2453 19.92 =5.57

c|c32 | 1 -1,0182 - 48 5e25

W wilw o wowrmN

Gh2 11 —1 .O??O "‘030 50658

Gs2| 8| 3 o L0 -.19 Te57

TABL=-6/s COMPARISON OF GLOBAL DISPLACEMENTS IN 3 BAYS & 2
STOREYS FRAME UNDER EXTERNAL & INTERNAL SUPPORT
SETTLEMENT AND CHANGE IN THI STOREYS.

(1) Here also we can see the undesirable effect of support
settlement: (GOS & G31)

(2) The results in row (B) show that the variation in all x,v
& z displacements distribution along the column line of
settled support at a particular joint is not sirmificant

1Ny 1N STtOTreySe

(3) The results in row (C) show that the variation (dccrease)

in displacement d tribution near the column 1 ins T 35
{ irtic r nificant ! n
e [ 1 Tl
ution redu (GhL2 & G5H2).
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6.6 COMMENTS ON FORCES UNDER SETTLEMENTS

Table 6.5 depicts the effect on forces considering different

parameters under support settlement.

The small 20 mm support

settlement increases the forces significantly as shown in Table-=6.5

and hence the
tribution of different (external/internal) support settlement of

2 storeys frames are analysed.

stress levele.

Further,

the

effects on force

(.‘39(‘ '.r.:ihle 606 & ().7) ‘T'hl:‘ L~

1% e

U]l S

-

fects

are found to be the same.
,.." -:, h h_, 5 A WATE ) | :
kN kN ’e; 2
3 2 a 3 161,3 L 24,00 64 £3eS
b -161,3 Q.1 Lb -5
31 a 3 e 3 L =584 141 6 111. (- -.;{-‘—-
b 104, 3 Ba141( ) 103,! )
= o 1 S
b 1 ok pu
r‘“ — ————— S S = = ]
R ’ [ A l'o &Y 2 [
} J ' 3 \ £ a \
RS 3 T o T OGS BT S
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In the Table 6.6, the small 20mm external support settle-

ment increases the forces significantly and hence the stress

level. At different joint different force will become critical.

In the Table 6.7, at different particular joint, different force

will become critical.

SCN [LCM | NE| EE AXTAL FORCL ER SHEA? FORCFE NZ TTITING MOMENT,
kN kIl kli=m
Go6| 2 |3 |a | 639.18 . 9 128,18, 9 115,31
b [-639.18 83,54 - 19,16
¢s]| 3 |3 |a | #7.8 9 21.5T(16:82%) | 9 59.39(51.5%)
| b | = 87.80(13.7L%) - 21,57 39.24
Go6 | 2 |S |a | 183,39 2 128,49 2 63,90
b | -183.39 165,26 -170,52
GIS| 3 [ 5 [ a [ = L6T3(25.U%) 2 -18,29 2 - 38,88
b 1:6,79(25.5%) 18.29 - 67+23(39.4°)

TABLE 66 COMPARISUN OF ELEMENT-END FORCES IN 2 BAYS & 2 STOR3YS
FRAME UNDER EXTERNAL SUPPORT SETTLEMENT

G046 2 2 £30,1° 7 100,20 ~ Geli

b |- = 16): ) 168 61
G136 2 3 =M 057 3 e 30 7 BL. 18(12€¢

''''' . e IEJ. f -
:r-r" 2 i 3 ..I:._. 263 -Ii 1\-_."_" Il‘ 141 . "'
|

G36) 3 | i | 2] 127.81(69.75) || - Shak7 L 152,60

b | =127.81(69.7%) Sl iT(6542%)

v L=l |

TABLE G7 COMPARIS'N OF ELEMENT END FORCES IN 2 BAYS 2 o HEYS

FRAME UNDER TNTERNAL SUPPORT SETTLEMENT,
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6.7 EFFECTS OF EXTERNAL AND INTERNAL SUPPORT SETTLEMENT OF 3 BAYS
AND 2 STOREY.FRAME ON DISPLACEMENTS DISTRIBUTION.

In case of external support settlement, the sway (x-movement)

along the particular column line has been more in comparison

to internal SS. (see JN.5 & 6.SCN ge41 & 42).

In case of dnternal support settlement, the rotation
al ong the particular column line has been more in comparison

to external SS.

6. 8 EFFECTS (F EXTERNAL AND INTERNAL SUPPORT S%TTL?M?KT OF 3 BAYS
AND 1 STOREY FRAME ON FORCES DISTRIBUTION (SCN.GL1 & GL2)

The forces (x,y & z) are more in internal SS. (See
SCN GL41 & GL2).
Similarl; (See SCN GL4S5 & GL46,.,) the forces are more in internal
SS.
*The comparison of results of G15 & G371 analysis show that

greater the support settlement, greater the displacements

and forces to be developed.
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680. 4 COMMENTS ON GLOBAL DISPLACEMENTS _(DY __I.)x & pz) of G31
. ’ (_See figo 6.6)
1, (Dy): The vertical displacement along the settled

support vertfcal line are same as the support settlement

: l.e. very significant. -
2, (Dx): The sway in the horizontal direction will be more for

top members i.,e., beams. and sway reduces from to to bottom,

3. (Dz): A1l the rotations arenegative, signifies the Jjoint will
rotate in the anti clockwise direction.

]

;

line and reduces from bottom to top. The roctation reduces

The rotations are maximum along the settled support

as moves far from settled support line.

6.9.2 COMMENTS ON GLOBAL DISPLACEMENTS: (32  (see fif 6.7)

1. Dy: The vertical displacements along the settled support
vertical line are very significant or almost the same as

support settlement.

2, Dxt The sways in the horizontal direction will be maximum
for top memwbers (i.e. beams) and sway in the veriical

direction reduce from top tu bottom,

3« Dz: The rotations along the settled support vertical line
are negative.
i '+ The rotation along internal support vertical lines are
‘negative. The rotation along external support vertical line
are positive.
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6.9.3 COMPARISONS OF DISPLACEMENTS OF G31 & G32

DI 0 MACNITUDE
ol :
1. Dy: Direction effects remain is more in G32 th
same in both G371 & G32, 831. ’ an i
2+ Dx: Dhrectional effects remain Dx is more in G31 than
same in both G31 & G32. in G32,

3. Dz: All rotation are-ve in G31
where as internal rotation are Dz is more in G32 than
-ve & external rotations are in G31.
+ve in G32.

!

R

feGe &4 DIFFERENTIAL SUPI'ORT SETTLEMENTS G535 (see fige 6.8)

a, Global Displacements

1« Dy: The Dy along the internal settled support are more
higher than the actual settled support.
2. Dx: All supports sway to the right. The magnitude of sway

reduces for top to bottom,

Dz: All external rotations are anti clockwise positive

)

while the internzl rotation are clockwise -ve.

Llement End Local Forces

We can see the most undesirable forces to be developed
under differential support settlement.

MaXe
The faxial force will induce in column(3) as compression

& column (%) as tension.
2+ The maximum shear force will 1)
3. The joints (5) & (10) will become the most critical

for bending moments.

induce in beam (1566kN) (L)
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(6,10 COMMENTS ON DISPLACEMENTS AND FORCES UNDER = - =&
~— " DIFFERENT STIFFNESSES AR

Table 6.8,as shown below, depicts the displacements
and forces under different stiffnesses. The following

factors have been considered here.

1 The displacement and forces are calculated for given cross

sectional dimension of 3 bays frame structure shown in row(I)

2. The same as in (1) are calculated by 10% increasing the

properties shown in row(II)

3. The same as in (1) are calculated by 25% increasing the sec=

tional properties, shown in row(III)

In Table 6.8, the increase in sectional properties
{(i.es stiffnesses results in the decrease of displacement

or vice versa, The (%) increase in stiffness and corres-

16
ponding (%) decrease in displacement at jointAof sectiion

4/D are calculated as shown in Table 6.9.

SECTION chJ GLOBAL DIUPL, AT JOINT MAX/MIN, 0NN AT A=END
PROPFRTIES | - ,\T&
| X Y- s AXIAL L BINDIKG
DISPL, | 81UTL. | ROTATION FORCE I3 FOMENT
{ mm ) () 110-3Rah kN 127 KNe-m
1 [section 1 | =e10L8 | —e1943| 1564 | 109.88(5) | 33411(6) 20,01(6)
Iimeneions
3 2 | =.18LL =a3LS3 | W3767 191,07(5) | 56.20(6) 33.93(6)
I1{1 + 10% 1 | -.0708 -, 1617 { L1074 109,20{5) | 39.9L(6) 15,87(6)
Inerease in
Dimensions | 2 | =.1247 =e2873 | 2602 189,8%(6) | 35.92(6) 33.70(6)
1T ¥ 4+ 25 1} = 0Lbh -o1260 | 0754 106,37(8) | 32.89(8) 19.72(6)
lterease In
Dimensions | 2 | -,0818 -.2238 | 1819 109,31(5) | 55.83(6) 33.LL(6)

- TABEE 6.8

AT SECTION A/D.

COMPARISON OF DISPILACEMENTS AND FORCES FOR DIFFERENT
MEMBER SIZES (OR STIFFNESSES) AND LOAD COMBINATIONS
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L

et 1
SECTION ' LCM GLOBAL  DISPLACEMENTS 'AT JOINT

X - % Y- . % Z %
DISPL. DECREASE( DISPL. DECREASE] ROTATION DECREASE

(mm) (mm) x10™3RAD

Given Section 1 | -0,1048 - -0,1943 - 1564 -
Dimensions 2 | =.18LL - - 3453 - «3767 -

1 4+ 10% 1 | -,0708 32. L% - 1617 16,786 10Th  31.33%
Increase 2 | =412L7 32.37% ~.1873 16,79%| .2602 30,93
in Dimensions

1429% increase | 1 | «.0L6L 55.73% ~e1260 35.15%| LO75Lh S51.79%
in dimensions 2 | -,0818 5546185 ~-e2238 35,19%| L1819 651,71

TABLE-69 COMPARISON OFCGILOBAL DISPI ACEMENTS FOR DIFFERENT STIFFNESSES
AND LOAD COMBINATIONS AT JOINT 16 OF SECTION A/D.

The 10% increase in the cross sectional dimensions (i.e.
stiffness), in comparison to given section dimensions, results
in 33% decrease in x-movement, 16% decrease in y-movement and
31% decrease in the z-rotation.

The 25% increase in the stiffness, incomparison to the given
cross sectional properties, results in 55% decrease in the x-movee
ment, 35% decrease in the y-movement and 51% decrease in z-rotation.

Similarly for the any given geometrv and dimensions, the
effect on displacement due to varing (different) stiffness can
be calculated and easily compared.

As shown in Table 6.8 the overall increasc in C/S dimensionc
will not significantly affect the forces distributions in the

structure. But as discussed earlier, if the stiffness of

a narti-
cular member is increased, the moment are more attracted to this
member of the structure.
Now let us consider
structure. The resul ts of analysis for a1 tien

are shown in Table 5.0,
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GLOBAL DISFL. AT JOINT 10

SECTION MAX/1411, FORCES
PROPER- | LCM
TIES ; y %= AXIAL FPORCE|SHEAK FORCE| MOMENT
IMOVEMENT | MOVEMENT | ROTATION [AT A-IND AT B-END AT B-END
(mm) (mm) x10"mn| KN kN-m
1 | Por DL| -1.0605 | =.4901 -.0670 [361.62(3) | 96.L9(2) | =99.56(2)
Given
c/s LL| =1.8638| =.8939 | =.6736 [639,18(3) [165.29(2) | 170.53(2)
I1 | (1)410% | DL| «.6665 | =.k0,78 | -.036L [359.40(3) | 95.93(2) | -98.80(2)
Inc. in (37.15%) (16.79%)| (LS.6%) .
c/s LL[ =1,1708 | =.7937 | =.UL553 [635.868(3) [16L.30(2) [-168417(2)
IIY (1)+25% { DL{ =¢5120 | =43175 | =,0262 [356,LL(3) | 95.92(2) | =98.28(2)
Inc. in (51,72 (35.215)] (60,89 )
c/s LL| -.8982 «e5790 -3152 1633.59(3) [16L.27(2) |=168.30(2)
TABLE 640 COMPARISCN NF DISPL. AND FORCES FOR ‘”JI"F RE
MEMBER SIZES (OR )m‘mmq) AND LOAD COMBINATIO
AT SECTION B/C
In the previous Table 6.8 the comparision of displacements
and forces for 3 bay framed structure is shown, where as in Table. f
2 bay framed structure,
We can see the % decrease in disnlacements correspondine
to % increase in stiffness are almost same excent z=rotation.
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6.1 COMMENTS ON STRESS LEVEL :. GO5
1. BENDING STREBS.

i
H
|
|
|
i

II. SHEAR STRERS.
J. Actual Bending Stress 6b = M.Y
. T

= Moment due to loading

.
i Y = Distance from neutral axis to top fibre.
i I = Second woment of &rea -

L

]

Consider Section A/D

Muax = 33.93 kNm; I = 0017wh; Y = !&?0 . 225

6b = 33.93  (.225/.0017 )= LoLS N/mm®

|
Permissible bending stress for M20 concrete
| fcr o 7.0 M/mm2 (Table -79 Rencld & Steadmar'n)
i for M20
| 6b< fer Ok
.% |
II. 6v Shear stress = V@
175

V= shear force at ULS

Q = first moment of inertia

1

i}

second moment of inertia

b =« bhreadth of beam.

or

- e

i _ =822 N/mm2
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For concrete grade M20 and 100 pg/bd = .46, the
permissible shem; stress = 40 --hSN/nu‘?
(cp = 110)  (e1.3.3.6.1,)
The max shearing stress fcr M20 = 3,35 N/nn2

40 <  fv (= ,8224) < 3.35, hence O.K.
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SATISFACTION OF CODE REQUIREMENTS FOR DEFLECTION

i

- (Serviceability Limiy;State-SLS)

i The SLS of deflection frequently controls many important
dimensions in RC structures,

! The principal controls upon section dimensions are those

of strength., Strength are considered at the ultimate limite
stete. |

Defiection: (cl.3.3.8, cn 110).

i Excessive deflection may produce cracks in elements and
finishes, discomforts to the users of the structure and
adversely affect the appearance of the structure., 1t should
be ensured that the deflections are not excessive. The result
of tﬁis will freguently control the depth of section.

!

CP 110 adopts a simple approach based on limiting span/

" effective depth ratio given in tables 8 % 9 (CP 110).

Values of the span/effective depth ratio shown in table
8 & 9 (CP 110) are modified by factors for tension and '

compression reinforcement, shown in table 10 & 11 (CP 110),

Span
Factor table 8 or 94 ., Factor table 10 & 11

mindegiﬁective -

| The use of table 8 will restrict the deflection to

- approximately span/250,

Table - 8 span < 10m

: : Table - 9 span - 10m
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SATISFACTION OF THE CODE REQUIREMENTS. o
1 Serviceability Limit States for Deflections (cl.3.3.8,
: . CP. 110)

d
i

|
i i The L/d ratio
; t v

j 20 simply supported

26 continuous.
. effective depth d = 425mm = 0.425
a, consider the section A/D

max length of the beam = 4.2m

] - for floor level beam L/d = 4.2 _ g g5
which is less than stipulated in code 40k

' for roof level beam L/d = 4,2
| OKe

= 15«27

b, Consider the section B/D
maximum length of the beam 5.8m

for floor level beam L/d = 5.8

.@ = 13065

i Ok

ﬁ . for roof level beam L/d = 5.8 _
;o e = 21409
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6013 Check for the Design for critical condition: GOS
Mx = 33.9348 — 56.0026x + 24.648 x°/2

d
= 0 - 6.2026 2 - 8 2!
. - ’ il

for maximum condition (BM), g&: = 0, hence, x = 2,280m

M - 3.9348 - 56.2026 (2.28) + 24.648 (2.28)°
33.934 + 24 el

max

==30,1420 KNm (a) 2.28m from end A

230 cover = 15 4+ 10 = 25mm

hSO d = "-050 - 25 = 1&2'}!!"1‘.

— =

L4 =, 4 fcu bd

= . 420 x .230 (.425)°
.. 33235

E=M/.4 fcu bd2

- 938/ S
€ 375

A =1 -[1-2
= 1079

K=U4 fcu /.87Ffy

= Jx20

eOx230 = O U7
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~ Degign of Column.

Max, axial force = 191.07KN
Asc = N -,35 fcu pp
. 6ry

= W19107 - .36%x20x,23x.23
.6 x 230

= = Ve

'provide 1% mm

ASC = 0,01 bh

.01 x 220 x 230
= 529mm2

{44 bars 16mm ¢ )




6014 COMPUTING TIME

58120

SCN PF1 PF2 PF3 PF4 END %?EEL

GO5 13, 37.46 13 38,50 13.39.46 13.50.36 134541431 00. 03455 |
CO6 13.41.31 13.42.,16 . 13.43.02 13. 44,22 13,4518 00.03,47

13. 43,43

GO7 13.45.18 13.46.14 13.47.04 13.47.546 13.48.47 00.03.29
GO8 13,48.47 1%.49.33 13,5008 13.50.46 13.51.27 00.03.56
GO9 13.53:43 13.54,48 13.55¢39 13.56.29 13,5723 00,03.40
G110 13.57.23 13.58.08 13.58.48 13,59.26 14,0008 00.02.45

TABLE - 11:

to analyse

The time depends on:

Here,

& 2.

the frame

Time Taken by IBM PC to Execute
(PF1, PF2

1« Number of elements

Number of load

we can sav the average range of

structure.

the Pro-rams

, PF3, & PF4),

combinationcte.

tlime

is 2=4 minutes
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6. 15 COMPUTING SCHEME

HARDWARE/SOFTWARE CONFIGURATIONS.,

IBM PC 256 kb RAM

System unit with two double sided 360kb Floppy disks
drives

Graphic card (640 x 200 pixels)

High resolution screen (640 x 200 pixels)

IBN PC Dos 20 operating system software.

IBM PC XT

« Same as above except one double sided 360kb Floppyv disk

drive and one fixed hard disk drive.

Loading the Progran

Two Hoppy Disk Drive System

system is on DOS is loaded

place a formatted djsk in drive A

place a P-frame program disk in drive B

Key in a B: P Frame<ENTER>

if the following message appears cannot find A: BASRUN,
EAE, Enter new drive letter,

Kay is B<{ENTERY

P frame will automatically loaded. You are ready

to begin using the program when logo appears.
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LOADING AND RUNNING THE PROGRAM

A FLOPPY AND HARD L13K DRIVE SYSTEM:

. System is on DOS is loaded.

. Place a formatted disk in Drive A

« Key in Assign B = C(ENTER>

. Key in B! PFRAME<CENTER>

« If the messagecan not find A; BASRUN: EXE Enter new
drive letter:

. Key in C(ENTER)

* Ready.
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CHAPTER = 7
CONCLUSTONS

Based on the results of analysis, the following

conclusions have been made:

(1) The matrix displacement method and a direct spring model
approach are presented in a form which make it suitable for
the automatic computer analysis of any frame structure under
different support settlements and stiffness variations. An
efficient procedure is formulated and automated for assembly

of element models into system models,

27+ Ease and time saving can be obtzined by this technique
as it cdoesn't need to change the whole geometry as in the
indirect approach.

(3) The external and internal support settlements of frame

structures cause undesirable displacements and forces to be

developed.

(L) The more likely cause of differential support settlements
cause the most undesirable displacements and forces to be

developed jn rigid frame structures.

(5) Internal support settlement causes more forces than the

external support settlements,

(6) The greater the support settlement the pgreater the

displacement and he developed,



R
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{7) The change of stiffness of a member attracts

more forces t2 that member.

(8) The overall change in the stiffness does not affect
the force distributions. However, it does affect the

displacement distributions.

|
:]
|
|

i
i

i
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USER' TO PROG PF

&

Program _Er is an engineering structural analysis
program adopted (Abubakar,1987) and modified specifically-
for IBM PC - microcomputer applications. The program
is designed to analyse plane (two dimensional) frame
structures under support settlement and stiffness
variations, Several load cases and combinations may
be specified. A load case includes element uniformly

distributed loads, element point loads and joint loads.

The program utilizes the matrix displacement method
of structural analysis. The computer formulates all
necessary equations, solves them and stores the results,
All data required by PF to generate and analyse a
structute, is user-input via an input-data -file; created
using either EDLIN text eaitor or any suitable word
processor, such as word star. Categories of input data

are given in section 5.3

Once the analysis is completed, PF will provide the
results in an output file. Joint displacements
(deflections and rotations) and element-end forces
(axial, shear and bending moments) Jjoint forces (applied
and reactive) may be displayed numerously on the
screen or printer, The numerical results output is
formatted to allow a quick comparison of all displace-
ments and forces created by cach load combination,

that the most severe load combination on an element

{ T

quickly be obtained.
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i

to I,2 Program Capacity: _

l'@:-,tmIn addition PF. has been designed. #o-hamdle large

frame: atructures through the efficient use of Random Access
Memory (RAM). Using IBM P¢ with a minipum 256k RAM, PF
wlill successfully execute problems with the following

parawmeters:

5 Maximum No. of Elements - 360

é Maximum No., of Joints a 200

| Maximum No. of Supported Joints = 60
Maximum No. of Material Section = 50
Maximum No. of Load cases = 10
Maximum No, of Load Combination 10

Maximum No. of Point loads/elements 3

Maximum half-band width *system degree of freedom,
= 5500

Is3. PF

To use PF for frame structural analysis the engineer
must begin by modelling the frame structures into data
which can be recognised by the programme. Structural
:_modelling is coveredin section 3.2. Qperaton of the program
| involves (a) creating a data file with a name DATA. Gnn

Where nn represent any two characters - structure number - used

:fo; identification;

\ (b) Keying in data into the file, in accordance to the formats
I(to be presented in INFUT DATA, section 1.5.) and k
i(c?{ Loading the program into the computer and executing the
framed structural quts. To load the program and execute,

insert the PF system disk and type.

e
o
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pf RETURN

The program will reply with:
Enter Data Disk Drive (A:,B:,C:),
Then type the approprlate data disk drive and RETURN.

Note that the program reads input data and writes

N

nput files in this drlve,
Next, the program dlsplays:

Enter structure Number (2 digits)

Now type the characters 'nn' used in creating the data
file. Lastly, the program asks for the analysis disk drive
{A:, B:, C:)

Note that only floppy disk drives are allowed for the

analysis, since the programme utilizes Random Access Files,

e e e - -

I.4 UNITS

Any consistent units may be used, Note that the output

headings are in KN, m and radians, hence it is recommended

to use KN, m and radlans as consistent units,

ey

1.5 INPUT DATA

All data inputed are entered via either EPLIN (described

in DOS reference manual) or any sultable word processor. The

following sequence of data numerically defines the problem:
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A. PROBLEM TITLE (A) - One line cclums 1-50
“Problem title to be printed with output.

&

| _ L
B. JOINT COORDINATES'

P Refer to section ( 3.2:3 . ) for detailed

discussion on joint coordinates and numbering.

(i) Columns 1~5.option to generate the joint coordinates
o automatically. Enter 1 for automatic generaticn,

else O

(1i) Control information for automatic generation:

(215, 3E 10.0)

Enter the following if (1) is entered in (i) above

Columns: 1-5: Number of vertical columns
£-10 No. of horizontal members {Beams)
11-20 Span of the frame.

B

P 21-30 @

31-40 Spacing of vertical columns,

(iii) MANUAL JOINT COORDINATES DATA
If Q0 is entered in (i) above, then enter:

o | (a) - No of joints - (I 5)

Columns 1-5: No, of joints:
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(b) - Joint Data - (IS, 5 x, 2 E10.0, I5)

Columns - 1-5: Joint number.
11-20: X - coerdinate
21-30: Y - coordinate
31-35: STEP (see not 1).

(c) EXIT - see note 2.

C. ELEMENT CONNECTIVITY AND SECTION PROPERTY NUMBER

Hefer to sections (3.2.4. &3,2,5)for detail discussion

on element connectivity and numbering.

(1) Columns 1 - 5: Option to generate element connectivity

(ii)

data automatically. Enter 1 for automatic generation

else Q.

If 1 is entered in (i), then enter
(a) section property number for each element as follows
(315):
Columns 1-5 : Element number
6-10: Section Property number

11-15: Step (see note 3) and

(b) EXIT (see note 2).

(iii) Else if O is entered in (i), then enter

a - hmber of elements (15)
b - tlement connectivity data together with section

Property number as follows (5I5):
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Columns 1-5: Element number
’ 6-10: A END Joint number
11-15: B-END Jjoint number
16-20: Section Property number
21-25: STEP (see note 3) and
(b) EXIT (see note 2).

D. JOINT RELEASES
Refer to Note |} for detailed discussion on Jjoint
'coding'. All Jjoints degrees of freedom have been
automatically set to code'0, O, C'. Hence, input data

is required for only supported joints - (5I5):

Columns: 1-5: joint number
6-10: X - Mavement
11-15: ¥ - Movement
16-2C: 7 - Rotation

21-25: STEP (See note 1)
EXIT (See note 2).

CAUTICN: Remember tc input the structure support joint
degrees of freedom to '1' before running the
program, This is to avoid rigid body translation
that is, system stiffness martrix singularity.

£. SPRING STIFFNESSES

f ¢ \ s e + E 1 : 3
(i) Number of joint luaded with springs

(ii) For each joint, enter spring stiffness

(. I5,3E 10.0)



Columns: 1-5: Loaded joint number

433

R

6-15: Stiffrness in X - direction KN/M
16-25: Stiffness in Y - direction KN/M

26-130: Stiffness in Z - direction (KN/M-rad},
Exit |

F. MATERIAL PROPERTIES

(i) Control information (15, 5X%, 2E 10.0)

[
Columns 1-5: Number of sections. This refers to the

total nuanber of different elements sections
used in the frame

11-20: Elasticity Wodulus.

(ii) Element Property Data - (2E10,0)
Columns: 1~10: Area o0f section -

11-20: Moment of %nertia

Repeat (ii) as many times as there are number of

sections specified in (i) above.

- LOADINGS
Refer to chapter & for detailed ~alculation on

frame strudue loadings,
(a) Loading Information - (2I5)

Columns:
1=5: Number of lmd cases

6-10: Number of load combinations,




Enter the following sets of data for each load case

(b) Load case title - (A)
Columns 1-50 Load case title

p—1 Unifermly distributed load data (I5, 3E 10,0, I5)

Columns:

1-5: Element number, on which this load is
applied.

6-15: Value of applied load per unit length.

16-25: Starting distance of applied load from

ta-end' of the element.

26-135: Distance of the finishing point of applied
load with respect to 'a-end'., Enter 0 to

assume the whole length of the element.

36-40 STEP (See note 13).

EXIT (See note 2).

B=X1I Element point loads Data - (15, 6E10.0,I5)

A maximum of three point loads
are permissible per element. Llement point loads
are located from the lower joint number (a=end)

relative to the local coordinate axis,
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Columns: 1-5: Element number on which this load is applied
6-15: Value of applied concentrated load 1
16-25: Distance of applied load 1 from 'a-end'
26-35: Qalue of applied concentrated load 2
36-45: Distance of applied load 2 from 'a-end'
46-55: Walue of applied concentrated load 3

56-65: Distance of applied load 3 from 'a-end'
66-70: STEP (See note 3).
EXIT (See note 2).

b~-111 Joint load Data -(15, 3E 10.0, 15)
Refer to section £. % 2. for a discussion of joint

load coding.

Columns:
1-5: Joint number at which this set of load is
applied.
6-15: Applied force about global X-axis.
16-25: Applied force in global Y-axis.
26-35: Applied moment zbout global Z-axis.
36-40: STEP (See note 4 ).

EXIT (See note 2).

OUTPUT INFCRMATION
Cutput information consiste ©of the loac combination data
and particular Jjoints and elements of which results

are desired:
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(a) Load combination Data
(i) Load combination title - A
Columns 1-50: Load combination title

(ii) Load Combination Factors - For each required load
case, (15, E 10,0):

Columns 1-5: load case number

6-15: load factor for this loadcase.

Repeat (ii) for all load cases required in this load
combination. Data is required for only the combined load
cases.
TO EXIT to the next load combination either enter O as a
resp onse to load case number or leave a blank line.
Repeat the above procedure from (i) as many times as

there are number of load combinations.

(b) To output results concerning particular joints or element:
enter the information as follows:
(i) Title - (a)
Columns: 1=50: Title of response to be printed with

output. “ee next page.

(ii) Concerned Joints/Elements Data - (315)
Columns: 1=5: Start joint/Element number

6-10: Finish joint/Element number

That is, to output results of start-joint or element
number through finish-joint or element number at step

specified, for all loac combinations. To EXIT to the next
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response either enter zero on column 5 or leave a blank line.

=

Title response refers to are of the followings:
- Global Joint Displacements.
Element-End Local Displacements.

- Element-and Forces.

Support Reactions and

Element End Forces Comparison.

Repeat the above procedure from (i) for each of the above
titles.
NOTES:
- Usually, one line is needed for each joint. This can
be achieved by setting step less than or equal to zero
However, if some Jjoints fall in a straight line and are
equidistant, then data for only the first and the last joints
of this group are needed.

<intermediate Jjoint coordinates are automatically
generated by linear interpolation, Step gives the constant
increament from a joint to its neighbouring joint number,
A second line is needed for the last joint, FCORMAT of this

line is (IS, 5x, 2E 10,0):

Columns: 1-5: Joint number
11-20: X-coordinate

21=30: Y=-coordinate,

In the case of Joint releases and Jjoint load data, if
some Jjoints are on a line in such a way that the

difference between the joint number is constant, then
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STEP gives this constant for automatic generation.
Joint number of the last joint in this group must be
given on the next line (I15).

Columns 1-5: Joint number.

2. EXIT - To signal the completi on of any set of data in
which EXIT has been indicated, enter zero as a response
to joint/element number or leave a blank line.

Failure to do so may lead to FATAL errors.

3. Usually, one line is needed for each element by
setting STEP less or equal to zero. However, if some
elements are on a line in such a way that the
numerical difference between their connecting joint
pairs is constant, then, only the data for the first
element as that line need be input. STEP gives this
constant for automatic generation. In addition,

data for the last element on this line must be entered

on the next line. (15).
Columns: 1-5: Element number,

L. Joint Coding

Frame Jjoints can be allowed to rotate in the
global 'Z' direction as well as displacement along 'X!
and 'Y' directions.,

A joint code consist of a three digit number, The
first digit specifies possible displacement along X

axis. The second digit specifies possible displacement
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in the Y = axis and the third digit specifies
possible rotation about Z"directiohs.

'Q' indicates the joint is free to move in that

direction.

'1' indicate the joint is 'fixed' and is not allowed to

move in that direction:.

Example:
é—————- 1, 1, 1%
s 1y O
F ’
1,0



Varification Examples

Ex-1 A propped cantilever (see fig - A. I1I1.1) (william,1978)
Given

A = 0.000853m2
I = 0,1066x10%k
E = 210E6 KN/M°

Solution: oc = EI/L3 = 210E6 x 0,1066E-6 0.18

(5.0)°
Ky = AE
x 10 _ 0,0008 10E
B "5 = 55§x2056x 10 = 358 260 KN/

1. Unknowns q1 & q2
2. Element models: f = kd4¢
3. System model: Ko + Ksqg = Q + Qs

where Ko is system sprine
stiffness matrix; Qs is system snring forc2 matrix
NeB. while assembling the structurec, consider the
contribution of force due to soring modelinge.
M= (0, O, 1, 2

since local and global axis vinside with each

other A will be unit matriv.

| 6L 2L -6L uL2 | 2
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5.0m
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FIG. « 11" Verifi ati - A Pro pped
- Cﬂntilevg.



e«

et % ; g =i
£ v 7
0 0 1 2
. Kz 0 . [l(y 0
Xy 4 o x£
J(ZJ 2
K + Ksg = Q4+ 08 where Q=0 =0
since 0 and O are zero,
Q=20
12 ~-6L q1 Ky 0 q1 -F
+ =
6L uLe 92 0 0 Q2
€ (12q3 -6Lq2 ) + Ky a1 = - F
& O (-6L q1 + 41%q2) + 0 = 0
from@
@2 = + 2 a1
Substitutang (Din ()
3 X
&[12 q1 =~ 6L (51.. t]‘l)] . Kyg1l = - T:S
a(3a1 ) + Ky q1 = —F_
(3¢ + Ky) a1 = — F
a’l = - P
35+ MKy
= = 21 495.6
?XO.‘TB + 368 26
= = U.()f.‘";"‘f‘;‘m
2 = ‘{:’ al = 3 q (
Qe 31‘ L(l) ?,)?_5 o X (_0.05999)
= - ".,J‘1".'{ (r‘-‘“’.i‘)-

\
I
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q1 - 0.05%
Q2 - 0,01799. Ans.

Element End Forces,

f =kd + 1
-o f..,q[- _12 6L r 0 :

-6L  3°| | o
12 -6L q1

qq]

~—

& | =121 + 6L q2

-6Lg1  + 212 g

|

12q1 - 6L q2
| 6Lqg1 + hL2 q2

Hy
5

= + 0,0329
+ 0.1620
- 0,032

A
whe e f= 0 and

d=

+ 0,0000 1 Ans,

[0 7

q1

Q2 |
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Example 2 (Majid, 1980) ne e N
| The foundation D in the frame shown in figure (A.TI.2)

e

subsides vertically by 60mm. calculate moment induced in the

S

frame,
N |
l R
" 3m * 2m ¥
: ‘kA B 2 -t 1. 5mm
B T Bl = 2x10° KN-mm
E. ; . D ‘£;/’6omm | throughogt
I
Stiffness Distribution Factor
"Joint Member k Total K Distribution Factor
| BA 1/3 51/6 2/5
B BC 1/2 3/5
[ .
! CB 1/2 71/6 3/2
Tc _ cD ‘1/1.5 L/7

; .The settlement of D to D' makes C subsides by 60mm, The
forced end moment due to the sway in BC without rotation is
6EIS /L° which is 6 EI x 60720002 = 360 EI/ LOOO 000. A fixed
end moment of 360 KN.mm acting at BC and CB are distributed as

shown here. The resulting moments are then multiplying by

El/4eb.

e [ e e e e =
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FIG.AF

] W
60

-2 Verification Exomple: A simple

Frame
h
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Moment Distribution

Joint A B [ D
Member AB BA/BC CB/CD DC
D.F. 2/5\3/5  3/7 | u/7
FEM 360 360
RelapB =14l |=-216
/ I
C.0.at(A)&(C) |-72 -103
Relexc C -108| -=14)4
-5l ‘/ ™~ 72
Jr///,zz 32
11 \\\‘ 16
71 9
/ \
-l -5
24 2
1 / \ ;
0ol -1
‘H“‘a; B
Total t =60 =120 120 154] =158, -78
Final Moment
= tEl/Leb |-30 -b0 60 771 =77 -39 | Answers,

KN .mm
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STRUCTURAL ANALYSIS OF PLANE FRAMES

- —— . ———— — T ——— T —— T ———— ——— — T — — — T —————

STRUCTURE NO. Ol  EXAMPLE 0.2. (Departmental M.Sc, Exam, 1987)

i ——————————— — o o e o o e o o o T . o o o e o i

CONTROL INFORMATION

NO. OF ELEMENTS

NO. OF JOINTS

NO. OF LOAD CASES

NO. OF LOAD COMBINATIONS

GENERAL DATA

ELASTICITY MODULUS

mnonn

.2100E+09

ot S ¥ ]

——————— T~ ———————————— — T — —— —————————— = ——————— ————————————— —— i —— .

JOINT DATA
JOINT X-FREEDOM Y-FREEDOM Z-FREEDOM
NU.
1S 1 1
2 o o
3 0 0
4 S 1 1

X-COORDINATE Y-COORDINATE

(METRES)

. 0000
. 0000
20.0000
40,0000

(METRES)

. 0000
20.0000
20.0000

.0000

——— ——————————————— —— ——— T —— ————— —— T ———— —————— o ———————————————

ELEMENT DATA
Section Property Data :

SECTION SECTION AREA
NUMBER (M&)

MOM. INERTIA
(M4 )

—— i ———————— i ———— — ———— T —— T — — —— — —————— ———————— T ——— T ————— T —— ————— -~
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Element Comnnectivity Data :

ELEMENT LOWER GREATER SECTION ELEMENT

NUMBER JOINT JOINT NUMBER LENGTH
1 1 2 1 20.0000
e 2 3 1 20.0000
3 3 & 1 28.2843

LOAD DATA

LOAD CASE 1 POINT LOAD ON MEMBER 2

——— o ——— i — i — . . . i e e

Element Uniform Load :
ELEMENT UNIFORM . DISTANCE FROM A-END
NUMBER LOAD (KN/m) START (m) END (m)

——— e e 1 T o —— . e

Element Point Loads

ELEMENT PT. LOAD DIST. PT. LOAD DIST. PT. LOAD DIST.
NUMBER 1 (KN) (M) 2 (KN) (M) 3 (KN) (M)
2 -10,000 10,000 . 000 .000 . 000 . 000

S ——— T —— i — ——— . — — T ——— - ——— T — . — T — A - — -

Joint Loads

LOADED HORIZONTAL VERTICAL EXTERNAL
JOINT LOAD-X “(KN) LOAD-Y (KN) MOM.-2Z2 (KN-m)

T o o i o o o e i e it e o
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LOAD COMBINATION DATA

LOAD COMBINATION NO./FACTORS

LC 1
1 1.00
LOAD COMBINATION 1 LOAD COMBINATION ONE

e . o ——— T — — ———— . T ——— T s s T T

OUTPUT INFORMATION

GLOBAL JOINT DISP

1 4 1
MEMBER~-END DISP

1 3
MEMBER-END FORCES

1 3 1
SUPPORT REACTIONS

) o 1
COMPARE

1 3 X

———————— ——————————————— ———————————————— — ——————— o —— . . o e . i S

SYSTEM DEGREES-OF-FREEDOM = &
BAND-WIDTH = ()
NO. OF SUPPORTED JOINTS = e



GLOBAL DISPLACEMENTS

150

JOINT LOAD X = MOVEMENT Y - MOVEMENT Z — ROTATION
1 1 . 0000 . 0000 . 0000
e 1 11.9667 0129 .8732
3 1 11.9724 11.9893 - . 8697
4 1 . 0000 . 0000 . 0000
ELEMENT - END DISPLACEMENTS
ELEMENT LOAD JOINT X = MOVEMENT Y - MOVEMENT Z — ROTATION
NUMBER COMB. NO. (mm) (mm) 1.0E-3 rad
1 1 1 . 0000 . 0000 . 0000
2 .0129 -11.9667 .8732
e 1 e 11.9667 L0129 «8732
3 11.9724 11.9895 -.B8697
3 1 3 -.0120 16.9436 -. 88697
“ . 0000 . 0000 _ . 0000
ELEMENT - END FORCES
ELEMENT LOAD JOINT AXIAL - X SHEAR - , MOMENT - 2
NUMBER COMB. NO. KN KN KN - m
1 1 1 -6.7080 2.9606 295.4430
= &.7080 -2.9606 33.7698B
e 1 = -2.9602 -4.7080 -33.7698
3 2.9602 -3.2920 -.3894
3 1 3 -4.4211 3T . 3894
& 4.4211 -.2349 6.2534
SUPPORT REACTIONS
JOINT LOAD FORCE - X FORCE - Y MOMENT - Z
NO. COMBINATION KN KN KN - m
1 1 -2.9606 -6.70B0 25.4430

P

Lo
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STRUCTURAL ANALYSIS OF FLANE FRAMES =

———————————————————— . T — T ——— ————— —— ———— T — T ——— —— " ——— . T —— ——— o

STRUCTURE NO. 21 Simple Flane frame With Support Settlement
_______ e AMajid, _1980)

CONTROL INFORMATION

NO. OF ELEMENTS

NO. OF JOINTS

NO. OF SPRINGS

NO. OF LOAD CASES

NO. OF LOAD COMBINATIONS

= e = )

LI I |}

GENERAL DATA

ELASTICITY MODULUS = L2000E+09

JOINT DATA
JOINT X-FREEDOM Y-FREEDOM Z-FREEDOM A-COORDINATE Y=COOFRDINATE
NO. (METRES) (METREZ
18 1 1 1 o 00 <O
e 5 0 1 O 3.0000 Malelele
3 0 O O 5. 0000 « D0IC
C i 0 1 5. 0000 -1 .300D

—— e —————— T — e — . S —— . —— T — o o [ ——— . Tt T T T T T T 0 . . "

ELEMENT DATA

Section Froperty Data @

SECTION ' SECTION AREA MOM. INMERTIA
NUMBER > (M2) (M4)
i 000102540 . 000000010




SPRING STIFFNESSES

LOADED X - DIRECTION
JOINT KEN/m
. L 0000

Element Cormectivity Data :

e iy

! ELEMENT LOWER
NUMBER JOINT

' 1 1
2 2

3 3

LOAD DATA

LOAD CASE 1

Element Uniform Load :
ELEMENT UNIFORM
NUMBER LOAD (KN/m)

Element Foint Loads

ELEMENT PT. LOAD DIST.
NUMBER 1 (KN) M)

Joint Loads

LOADED HOR T ZONTAL
JOINT LOAD-X (EN)
&4 « D000

T e T T s T A e . i B i —e . e gt B e T O R el . s

GREATER
JOINT

Joint loads

152

Y - DIRECTION
EnN/m

146053 .3000

SECTION
NUMBER

Z ~ DIRECTION

e T e m e m e e R e e S e e e e e e e e e s S —

DISTANCE FROM A-END

START (m)

FT. LOAD DIST.
2 (KN} (M)

VERTICAL
LOAD-Y (KN)

-8763.2000

—— . —— . ————— . — ——— ——— — ——— ——— — . ——— —— e ———

S e e e e e . T . o o o e o e e o o . T ot e e o o o . S

I B N B AR T B B oy o

KN-M/rad.
- :OQOO
ELEMENT
LENGTH a
3.0000
2.0000
1.5000
END (m)
FT. LOAD DIST.
3 (KN) (M)
EXTERNAL
HGMA-Z (":N'—ﬂa;
« QOO0
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LOAD COMBINATION DATA

LCAD COMBINATICN NO./FACTORS

LC i
i 1.00
LOAD COMEINATION i Load comt ineticn one

OUTFUT INFORMATION

Globza!l joint displacements

1 &4 1
Element—-End local displacemants
1 3 1
Element—end forces
i, 1 c {
Suppeort reacticons
1 2 1
& o i
"Element-End forces
1 3 i

SYSTEM DEGREES-OF-FREEDOM = b
BAND-WIDTH = &
= 3

‘ NO. OF SUFPFPORTED JOINTS




GLOBAL DISPLACEMENTS

154

f— —

—_———— e ———

JOINT LOAD X ~ MOVEMENT Y = MOVEMENT Z — ROTATION
NO. COMBINATION (mm) (mm) 1.0E-3 rad.
" jl_.l'. _IIII'- RNl
1105 iRy T abbé
1 L0175 . FILE 16 .43
1 OO0 o997 .9 QOO0
y .
ELEMENT —- END DISPLACEMENTS
ELEMENT LOAD JOINT X - MOVEMENT Y - MOVEMENT Z - ROTATION
NUMBER COMB. NG. (mm) {mm} 1.0E-3 rad
1 1 1 . OO00 s lalely elalal
= L0105 alslnly -2 . bbbE
2 1 D300 QOOC 22 . bEEE
3 0175 59 .994E -14.43"
3 1 97.9748 0175 -14 .4370
-t b’ 995 YO0 « 00
ELEMENT - END FORCES -
ELEMENT LOAD JOINT AXIAL - X SHEAR - Y MOMENT - Z
NUMBER COMB. NO. KN KN KN - m
1 (=
3 1 68 6 -




SUPPORT REACTIONS

155

—— e e ——

JOINT LOAD FORCE - X FORCE ~ Y
NO. COMBINATION KN KN
0765 -.0302
f b4 098
JOINT LOAD FORCE - X FORCE - Y
NO. COMBINATION KN KN
-, 0&s87

——— s .

MOMENT - Z
KN - m

MOMENT - Z
KN - m

COMPARISON OF ELEMENT-END FORCES

COMPARISON OF FORCES ALONG ELEMENTS

1 THRU

3 AT

STEP I

e ————

LOAD
COMB

1

ELEM

END

A-End

Max/Min On
AXIAL - X EL.

-. 07 3
.08 1
.08 1

.07

Max/Min On
SHEAR - Y EL.

.

LO7

-
- . Lig

n

VW W

e
¢
. O

Max/Min On
MOMENT - 2 EL.

—— e




=4 r’
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Elemer.t Connectivity Lata @
ELLEMENT LOWER GREATER SECTIOH ELEMENT
NLIMBER JOIN JOINTY MLIMEZFR LENGTH
4 1 = i & .. 0000
LOAD DATA
LOAD CASE 1 Joint loads .
Element Uniform Lozd @
ELEMENT UNIFORM DISTANCE FROM A-END
NUMBER LOAD (EN/m) START (m) END (m)
Element FPoint Loads
ELEMENT FT. LOAD DIST. FT. LOAD DIST. PT. LOAD DIST.
NUMEER 1 (EN) (M) 2 (EN) (M) 3 (EN) (M
Joint Loads
LOADED HORIZONTAL VERTICAL EXTERNAL
JOINT LOAD-X (KN) - LOAD=Y (EN) MOM.,. -2 (KN-m
e 000 -2 1495, 400 IR



158
LOAD COMBINATION DATA

LO~D COMEBINATICON N3./FAZTORS
LC 1
1 1.00

LOAD COMETINATION 1 Load combinsetion one

OUTFUT INFORMATION

Global 1mint displacements
1 = 1

Elenent—End locel! displacements
1 1 1

Element—-end torces
1 1 1

. Support reactions

1 e 1
Element-End forces
1 1 1

——— —————— ——— —— ————— o —— T — T —— . T ——— — T — — o S 0 . . — = — = =

SYSTEM DEGREES-OF-FREEDOM -
EAND-WIDTH = &
NO. OF SUPFORTED JOINTS =

——— o —— i ——— et S ——— o — . . ———— . . ——— T — T — i f— o, . o o i
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& GLOBAL DfSELﬁCEHENTS-'—-"'m o e o S
JOINT LOAD X — MOVEMENT Y = MOVEMENT Z - ROTATION
NO. COMBINATION {mm) {mm) 1.0E-3 rad.
1 i OO . OO0 OO0
2 " ) 52 J9a ' )
ELEMENT - END DISPLACEMENTS
ELEMENT LOAD JOINT X — MOVEMENT Y - MOVEMENT Z - ROTATION
NUMBER COMB. NO. (mm) {mm) 1.0E-3 rad
1 1 1 L D000 L0000 QOO0
- =4 « OO0 ~-59.9999 =18 .0000
ELEMENT - END FORCES
ELEMENT LOAD JOINT AXIAL - X SHEAR - Y MOMENT - 2Z
NUMBER comB. NO. KN KN KN - m
« 631 - .
1 1 1 (3 TaToly) L0321 1603
2 Al - 132 VOO0
SUPPORT REACTIONS
‘. R R R A G S 0 S 0 R L VO O e S i R S S s sl s S s Wy 0 o W e i S Sl e Oy Wl - W SO D A0 S s VS
JOINT LOAD FORCE - X FORCE - Y MOMENT - 2
NO. COMBINATION KN KN KN - m
i i i e .
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APPENDIX - III
Analveic of two storevd flatget sections AND

l&
1 0. 4 18 1
4 0. 2.95
5 3.6 G. 1
& 3.6 8.355
Q 5.8 0. 1
iz 5.8 B.5S
12 10, . 1
16 10, 8.55
s}
O
21
’ 1 1 =] 1 7
' 15
3 S & i 7
17
= 9 10 1i 7
19
. ‘? 13 14 1 74
. ol |
‘ g 2 b6 e e :
; &
i 3 3 7 = Fd
' 13
' 16 o e = 2
20
(]
i b i 1 &4
¥, O
e ] cfab
L0525 , Q0023
« 1025 L0017
LOET - 0005
£ 2
Deag Load
e 14.% O. [ ) s
b
< 189 ©; [=
- 13
ié 2.72 G. S =
el
(5
O
O
wive Load
£ 8.7 0. a, a
&
g 2.7 0. G 2
13
16 1.35 0. Q. e
p=3]
G
0
v}
Dead Load Only
1 1.0
' 0
. Dead+live Loads Only
1 1.4

: el el o o - e



0
Global Joint Displacement

1 16 |
O
Element-End Local Displacement
1 2 | 1
0]
Element End Forces
1 cl 1
O
Swpport Reactions
1 13 4

0

Element End Forces Comperisor
1 gl 1
0

161
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STRUCTURAL ANALYSIS OF FLANE FRAMES

— STRUCTURE NO. 05 Analvsils of two storevs flat at secticnszs A\D

——— e e e " — ——————— ——— e — —— i { ——— ———

CONTROL INFORMATION

NO. OF ELEMENTE = e1

NO. OF JOINTS = 16

NC. OF LDAD CASES F i

NC. OF LOAD COMBINATIONS = =
GENERAL. DATA

ELASTICITY mMODULUS = .2BOUE+OE

JOINT DATA

JOINT X-FREEDOM Y-FREEDOM Z-FREEDOM A=-COORDINATE Y=COORDTAT!

NC . (METRZES) (METREE
1 8 1 1 1 «QO0D OO0
B2 G & i L D000 c.850:
3 O y) O . OG0 S.700"
& ) i ( +OGO0 8.550
S D 1 1 i .60 0 « DO
o ¢ I o o 2.&000 2« 850
7 0 o G .00 S 700
= 0 G O 3. 6000 a.550
28 1 1 1 5 .8000 s Tats Ty

1O 0 i 0 S . 8000 € 850
i O i O 5.8000C S.TO0
12 0 o 0 S.8000 8.5950
13 '8 1 1 i 10,0000 o GO0
14 Q (a] 1 10,0000 2.850
h B C O O 10,0000 8.700
14 0 (8] (4] 10,0000 g8.550:

—— e s . e — [ — e i ——— e ¢ —— —— —



ELEMENT

Saction FProperily Date

DATH

163

SECTION SECTION AREA MOM. INERTIA
NUMEER (14 ) (M4
1 L0529 . 00O0E
2 L1025 L0017
3 . 0&FC « OO0S
Element Connectivity Data @
ELEMENT LOWER GREATER SECTION ELEMENT
NUMBER JOINT JOINT NUMEER LENETH
1 1 2 1 . 8500
p= e & 2 3.6000
3 . [ 1 2.8500
L b 10 = e .2000
a 9 10 1 2.8500
- 10 14 2 4 , 2000
7 13 14 1 €.8500
E e 3 1 2.8500
o 3 7 e 3.6000
10 & 7 1 2.8500
13 7 11 2 2.2000
2 10 11 i 2.8500
13 11 15 c &4 . 2000
14 14 5 1 2, 8300
5 3 - l 2.3830
14 - & o 3.600
& 7 8 1 2.3580C
£ S 1 3 £.200
HE 1 A H 2.8500
- 1t 1¢ 4.200
= : - ] c.oS00




LOAD DATA

LO0AD TASE

1

164

 ———— e ———— e —— " — T T T . T M T T8 S e e i e e e o e e

Element Uniform Load :

ELEMENT
NUMBER

LHIFORM
04D ‘'KN/m)
146 . 50060
14, SC00
14 .5000
14 .5000
14,5000
14,5000
2.7300

2.7300
2.73006

DISTANCE FROM A-END

START (m}

.00
L0
.00
- 00
OO0
« Q0
o 0
SO0
« D0

EMD (m)

.80
2.a80
4.20
3.60
2.20
4.20
3.60
2.20
4.20

e ——— ————— e —— T — T — e —— — T — T — e o o o o o o St o e g e e i i S e o o

Element Point Loads

ELEMENT FT. LOAD DIST.
NUMEER 1 (KN) (M)

Joint lLoads

LOADED HORIZONTAL
JOINT LOAL~-X (KEN)

FPT. LOAD
2 (KN)

DIST.

FT. LOAD
3 (KN

VERTICAL

LOAD-Y

- T ———

————————

EXTERNE!

MOM, -2 (1KN=g

e —_ it —— T — ———— T — T — T —— — — i ——— T — " ———— T —— — ———— ——— ———

Live Loac

T — o T T o i i S S T e i e ) T W S i B S . i e S S S T o o i T . e e S

Elerent
ELEMENT
HUMBER

—— e — ————— — — —

UJnitTarm

coad @
UNIFORM
LOAD (EN/m)

2.7000
2.7000
2.70500
e.7000
2.7000
2.7000
1.3500
1.3500
1.3500

DISTANCE FROM A~END

START (m}

g
0
.00
.00
- U‘-‘
2D
L0
- 00
« D0

END (m)

B et T —
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Element Foint Loads -
ELEMEMNT FT. LOAL DIwT. FT. LOAER LT, FT. LO4aD 1ET.
NUMEER 1 ¢RI tM5 FOCkEND (M) S (RNY D
Joint Loads . —_
LOADED HOR T ZONT AL - / VERTICAL o . EXTERNG:
JUINT ' LOAD-¥ (KN) — LOGSD~Y {tN3 - MOM, -2 (KNzm-
EREE

LOAD COMBINATION DATA

LOAD COMEINATION NO./FACTORS : S o
c 1 & o ' . f
i 1,00 1.40

& Q0 1.60

L.

LOA&D COMBINATION H Dead Load Only
LOALD COMRBINATION e Dead+live Losds Only
OUTFUT INFORMATION :
Global Joint Displacesent _
1 la ! '
Element—Erd Local Uisplacement "
1 2 1
Element Evid Forioes
1 ol 1 .
Support Reactions _ _ .
1 13 & ' - '
Element Evnd Forces Comparison -
i 21 1
SYSTEM DEGREEZS-OF~FREEDDM 34 —_ B

EBAND-WIDTH = 15
NG. OF SUFPORTED JOINTS =
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GLOBAL DISPLACEMENTS

JOINT LOAD X — MOVEMENT Y - MOVEMENT Z - ROTATION
NO. COMBINATION {mm) (mm) 1.0E-3 rad.

1 . DOCIG - O30 . Q000

= w OO 00 L D000

e i - . 0284 -, 1022 -. 2736
c gL -.1781 - 4557

c 1 -.0733 -. 1582 -.2747
= —- o 1E2d7 i -a4b514

[ 1 - . 0942 -. 16875 -+ 1073
c -. 1646 - 2277 -.2572

] 1 « 3000 L OO0 B slalalp)
= . D0DD . 0O00 L0000

& 1 - . 028457 -.1784 « 1387
e - 452 -, 3105 2391

7 1 - 0744 - . 2755 1241
= -+ 1251 > - . 4829 20670

e 1 =g N7 - . 2910 L0297
& -.171¢ -.951é60 . 0932

- 1 L 000 L QOO0 L CI00C
= OO0 - OO0 . DO0O0

ic ! - 0841 —.2114% -~ 19945
2 - 441 -.2676 - 3371

i 1 -, 0743 . 30645 - 1942
e - . 1255 - . 95691 PP |t

= 1 -.0991 -.3418 - . 0734
b= -4 1738 - . HO&E -.181%

13 1 LOOCO L 00O L0000
2 « 0GO0 . DDGO0 « D000

- 1 02324 -.1184 075
c -.03%6 -, 203 <6735

15 1 -, 0784 -. 1834 L4076
-, 1276 ~ 3214 LHclan

1€ 1 -« 1045 - . 1943 . 1564
~-. 1844 - o SGTT w3787
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ELEMENT -~ END DISPLACEMENTS

ELEMENT LOAD JOINT X = MOVEMENT Y = MOVEMENT 2Z - ROTATION
NUMBER  COMB. NO. (mm) (mm) 1.0E-3 rad

1 1 1 . D000 « OO0 L0000
a2 - 1022 D284 - . 2736

e 1 . OO0C < 0G0 . 200

e -.1781 LO4HB ] - . 44657

2 1 & -.0284 -.102E -, 2736
¢ - . 02467 -.1784 . 1387

e e -. 0481 -+ 1781 - . 4657

& - 0452 - o 3108 » 2391

3 1 S . 0000 0000 . L0000
- - . 1784 L0267 « 3387

2 o « OO « OGO « OO00

& -+ 3105 « 0452 . 2351

& 1 & -. 0267 - . 1784 « 1337
10 -.0261 - =21 14 -, 199

e & - 0452 -. 3108 = 4C b |

0441 - . 3&7H -.3391
L0000 - Q000 . 0000
10 2114 L0261 » 19935

2 9 - CO00 Y L DOGG 0000

10 .3676 L0844 ] -.3351

-] 1 10 - . 0261 -.2114 - 1995
14 - . 0234 —-. 1184 L4079

2 10 L0441 -.3676 -+ 3391

L0396 -. 2063 « 639
i 2 1 1= il - OG0 e lelolnl
- 1184 . 0235 L H07S

—
|

&
[

|

—
[}
&

1

—
) &
]

& 13 » QOG0 . OO0QC LO00O0

14 2063 L0395 . 6937

8 1 e - . 1022 . 0284 ~.2736
= - 1 D82 . 0733 - . 2747

2 c -.1781 LOO8 ] ~ s 457

< P B S - 48614

7 1 > « 733 -, YR8 E - . 27567
' ~ D745 - « 1241

e C « 1237 X i o Pl - B

-« 1251 - 4827 . 2060

L 1 & ~.1784 LOR47 ".1387
p - . 2755 375 1257

c © = o 31085 L OG5S 2351

- .4B827 « 1251 «20EG
11 1 7 - .0744 = 2735 1241
Jeus 1942

11 -. 0748 = .32 -
=3 ' = 18251 -. 4829 . 2060
1 - . 12855 - . 5491 = o JEDT

.199%

12 1 10 - 2114 . Ogél ==
i1 - . 3245 . 3758 -3 1942

e 10 - . 3676 - 0441 -3391
11 ~. 5691 « 1295 - 3285
13 1 11 -.074E ~. 3249 -. 1942
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ELEMENT — END FDRCES
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ELEMENT
NUMBER

JOINT
NO.

LOAD
COME.

-

' 1

.
3

-8

a
-
|

Gl e

..p_._._.._.
- W
R LA TR O I

wJ
e
SR

m e s
[
e
o

10
: 9
o : _ 10
i 10

I 2 101

14

7 1 1%

14

, 2 - 13

S : 15
8 :

0

b2
=

10 ' 1

=

mn
i
[
O -

13 1

- —
O"\J“*J\J&*JQ~Q!9‘JEJNIUQJN

P
P

AXIAL - X
KN

E3.1345
—~53. 1395
B2 . S50G
—G5 L 0E0D
""" 1.3617
1.3617%

~2 L ERE6Y.
A =)
92.734&
-9z . 73464
1613776
—1&1.377&
—.84%411
.Batll

-1 .4%287
1. acse
109.8780
—10%.8780
19t1.07a0
~121 . 0780
=1 . 8402
1.8408
~3.0?&0{
=2,0960

&1 . 3529
~-&1 ., 0029
107.8203
-1 O7 . Ee03
2% ,074a3

R oar N 4 W5
51,0955
51 L9509
LETIE

-, B713
L.i0ge
4L 1OBE
TSI Y )
80 a4l
89,5934

-~ 3% . 5934
G3HG

- GRG0
LEGES

- S4é5

=G 0018
-5 ,.0018
10wy, 7119
-104.711%
1. 1143

SHEAR - Z

MOMENT — 2
KN - KN = m

-1.3%&&
1.3944
~E.375%,
2,379
2 0H0E
23,1398
g B5aE
47, 7778

-1, 3718
~2 .60
-0 B33
-4, 4381
& ERG
-13.8750
11.0%250
-23 . 5550

ET0E LG9F7
— 5704 1., 1P4E

LFET L B479
- BT 1.90%:
14,1302 11. 165
17 . 74693 ~-15 1688
o QOAY. 15,9700

—-E%, 7363
-1, 0387
—1.%877
—1 . 7483
3. 727aY
20,0078
~EL Boe
33.93248

30,1574
-1.0364%
1.0364 .
—i 7 E00:
1. 7604
a1 06S
27 .7934
Sib . BORS!
47.0014 -15.0352
1.8623 , . 1.7381
-1 .B8483 A< I irdt
5169 : 29475
-~ 1691 b.083%
-2, 7583 -3, PRED
2.75683 -3, 53RO
wly HEEY B Y LT
&4 66BY L =& ATET
DL 21868 P 7L 000T
E7.FB1E -13.7785
a1.2027 18,1615
L7 4EF3 ~B3 . BETE
10913 _ 1.5880
~1 .03 T 1.ERE
1.8314 2L AT
-1,8314 o544
14 hhHTS vl L1058
174385 N L oot
B4 . A504 18,7615
=Y, 5076 —04 , P
—-2.03%% ~2.F1E27
2. 0355 ;. ~2.8885
-3 .,4335 L -4 9R3E
B, 4332% ~4  B&E20
32,8137 19.4587
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-1.1143

1.4051
-1.4051
33.7593

L ~meo
-33.7593

&0,01%90
-&0,.0190
4, 8555
-4 ,BESS
10.4932
-10.4932
1.886%
-1.88&9
3.5546
-3.5546
8.0158
-8.0158
C17.9076
-17.9076
1,2330
-1.2330
c.2851
-2.2851
8.7356
-8.7956
19.5916
-19.5916
e.5882
-2.5882
4, 8600
-4 . 84500
S5.68730
-5.6730
12.2276
-12.22876

£8.0843
55.61287
47,7913
3.7088
-3.702%
h.2651
-&.2651
-1.8849
1.88&%
~-3.3546
3.55446
4 .8555
4.97e5
10.4932
11.0420
« 6539
~. 6539
1.2696
-1.26%96
3.0433
e.92427
&.4656
&.6948
-1.3552
1.3552
-2.574%
2.5749
5.7230
5.6730
1£.8968
12.2276
2.s882
-2.5882
4 . B&OO
-4 . B&OO

-2.5311
32.9536
16.5289
S5.2767
S.2753
8.9483
B.?O?li
-3.0672
~2.3105
-3 . S268
-4 .6039
2.3105
~-2.5210
4.603%9
-5.5918
1.1453
.7184
2.0640
1.5544
1.8026
-1.7138
4.,.0374
-4 . 2894
-2.2037
-1.658B¢
-3.92938
-3 .3447
3.3725
-3.1206
7.6343
~-6.2291
4.,25353
3.1204
7.6218
&L.229)
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JOINT LOAD FORCE - X FORCE - Y MOMENT - Z
NO. COMBINATION KN KN KN - m
. 1 € L
COMPARISON OF ELEMENT-END FORCES
COMPARISON OF FORCES ALONG ELEMENTS 1 THRU 21 AT STEP 1
LOAD ELEM Max/Min On Max/Min On Max/Min On
cOoMB END AXIAL - X EL. SHEAR - Y EL. MOMENT - 2 EL.
1 A-End 0% .88 s’ 35.11 ) . C £
-1.84 - E.7¢ ) 53 9
B-End 1.84 & B.14 - e O | 4
= ;_ { J'::: = E‘ -5 20 | i v ‘1
2 A-End 191.07 . 6. 2 é 6
3 & H .66 ¢ )
B—End 3 - 47.79 13 z2 14
-191 . ~4 14 25 4

— . — e
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GLOBAL DISPLACEMENTS G319

X — MOVEMENT
(mm)

LOAD
COMBINATION

JOINT
m-

Y - MOVEMENT

(mm)

2 - ROTATION
1.0E-3 rad.

YOO OO0 . OOC0
- 2.397% 1572 L4494
5 7.1718 . Y973 - .4737
: 11.8526 ‘ 1101 - 6877
= aielnls OO0 o OO
'. 2.3906 2248 1365
7. 5736 L3410 ~. 0321
= 11.8714 L3666 1994
= Q0OC OO0 . OO
i 2.3802 - . 4858 -1.8391
1 ' 7.17561 7583 -2 . 0043
18 11.899% .827& -2,038¢
1 ; 1OV -19.9794&" e lalaly
1¢ 2.362¢ 19.7 "_?-"-'._.’ -4, 4848
13 7.182 - 6596 = 4.2561
1& oE -19.,6289~ -3.9476
COMPARISON OF ELEMENT-END FORCES G31
COMPARISON OF FORCES ALONG ELEMENTS 1 THRU 21 AT STEP 1

LOAD
ComB

ELEM
END

Max/Min On
AXIAL - X EL.

» P g = =B e
A o H-

Max/Min

On

SHEAR - Y EL.

Max/Min
MOMENT - 2

On
ELI

[= ¢ < 11 ... <
104.33 ) » + 4 -32.89
BE—-End 104,33 = alf = 4 HO .40
- ' A L ' - & & 1.",3_;4:?_}
=\
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SLOBAL DISFLACEMENTS G32
JOINT LOAD X = MOVEMENT Y - MOVEMENT Z - ROTATION
NO. COMBINATION {mm) (mm) 1.0E-3 rad.
- 1 LORG7 - TN 801
3 115 43c 435
&4 1 bur 8 2 —4C 7= 4.4 -, 037
= 1 . D000 O ) OO0
& i . 2729 -1 .67 S. 4991
7 1 3.1173 e.538c -4 . 8854
8 1 S5.84356, -2 . 801 -} o 3967
9 i . O000 -19.£128 aleisl
10 i « TE3D =17 .9404 2.727
11 i 11459 1 @109 -3 . 0944
= 1 2.8B16 -16.46509 £ .648cC
13 1 OO0 « OGO 00K
14 1.018c 481E S.2904
15 3.1001 o 79E¢ 4.3108
146 S5.724 Y 2.730E
COMPARISON OF ELEMENT-END FORCES G32
COMPARISON OF FORCES ALONG ELEMENTS 1 THRU 21 AT STEP 1

LOAD
COMB

ELEM
END

Max/Min
AxIaL - X EL.

On

On
EL.

Max/Min
SHEAR - Y

Max/Min
MOMENT - Z

On
EL.

1 A - - 100D 0 T ls
i ~ 1 cf CTC a7 4 =63
g - - Ed
- t - e
I F.' - - |
z =
7 " +
- - —— -
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i egss
f
- ¥ ¢.:: :-—-—
v . .
Global _Displacements G33 i SN
JOINT i.gAaDb X - MOVEMENT Y — MOVEMENT Z — ROTATION
NO. COMBINATION (mm) (mm) 1.0E-3 rad.
1 1 Neldads Nalulule: L D000
3 -1 5.537¢ 1.5337% 6.3987
3 1 17.5815 B.2345 2.5740
4 -1 - AB. 6104 2.91e?, - . 6025
o 1 n QOO0 L OO00) - Q000
& 1 T ~8.5696) -27,.5161
7 1 17 . 5503 ~13.8305 —~2&,.8393
' 8 1 32.7818 . ~1%.0068 —&8E, 41559
: 9 1 » OO0 —106.3993 L0000
10 1 5.5478 ~G&.3978} -20.2327
' 11 .3 17.5377 =G0 P01y -14.8B35%
18 1 32,5785 ~8%9 ., 53948 —-14 5504
13 i o GO -2 2554 - « QOO
14 1 5 .7349 ~4 BRDb B7.6895
‘ 15 t 174584 ~6. 2586, 2E.8656%4
ié 1 32,0902 -4, 6821" 14,2645
v ‘,:.
COMPARTEON OF ELEMENT-END FURCES G33 ~
COMPARISON OF FORCES ALONG ELEMENTS 1 THRU &l AT STEFP 1
——-SUEPORI_BEALTIIDNS
SUFRFORT REALTIONS
LOAD ELEM Max/Min On Max/Min On Max/Min an
comMB END AXIAL — X EL. BHEAR - ¥ EL. MOMENT - 2 EL.
1 A-End  4162.19 3 1544 .50 4  1s43.91 4
L =4540 .40 % ~-522.61 ) ~ 1588 . 40 3
E-End 4540 . &40 5 SR2.81 b 190249 4
~4162.19 3 ~15&64&.50 a4 -1 0Bh .07 &
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- - - —— ———————— —————— ————— —— ——— — —— T — ——— —————— — ————

JOINT LCAD X — MOVEMENT Y - MOVEMENT Z — ROTATION
NO. COMBINATION (mm) (mm) 1.0E-3 ROTATION
NO. COMBINATION (mm) (mm) 1.0E-3 rad. -

L O0O00 -19.9912
1 1000 . 181 i
1810 = LI i 118 ] e
1 3 ] }h-'_,'.'- L
1 844 1 o
! =l 19.85 560 %
.-:‘ i .;::_ t=T 4
i | G % -19 &
1 1 7 138 2
] = 11 N

COMPARISON OF ELEMENT-END FORCES G35

e e T ——

COMPARISON OF FORCES ALONG ELEMENTS 1 THRU 15 AT STEP 1

—— — ———— e — =

LOAD ELEM Max/Min On Max/Min On Max/Min On

COMB END AXIAL -~ X EL. SHEAR - Y EL. MOMENT - 2 EL.
nd 87.80 ' 21.5°
T = y 1_ S
H~E nd b . 7e 18.
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JOINT L.0AD X - MOVEMENT Y = MOVEMENT Z - ROTATION
NO. COMBINATION (mm} R (mm) 1.06-3 rad.
1 . i s TWTATS R TBLRES! ? : W 0T
& 1 Nlstuly -1 . 9804 SRR s Te Lo T
€] 1 » ORI W OO ' W OO
4 1 -1 . 2704 -. 8%l - e
bi 1 ~1 a3nB -19.78673 «Sh5E
& | T -1.21586 - 82754 4, 6534
7 i ~3,7138 -, d01d -z, AEEG
£ | =396 ~lZ.572) 1.0482
& - B I b T - 43350 4. 3840
io 1 L =5, 7B3T ~ ., 3317 B S v
i1 1 -5, 8717 -1%.6431 1,065
ig 1 ~h 9217 - ATEE S 3.H1E
COMPARISOM OF ELEMENT-END FORCES 1035
COMPARISON OF FORCES ALONG ELEMENTS 1 THRU 15 AT GTER 1
LOAD ELEM Max/Min On Max/Min Oon Max/Min On
COMB END AXlalL - X EL. SHEAR — Y EL. MOMENT - 2 EL.
1 A-End 127.81 5 53 .56 > £4.18
~2i5.57 = L S 2% —1GE .85 4
BB Z15.97 3 WL A &y 13a9.42 .
~1@7 .61 ™ G A 7 ~"Per LR &
cx N, —
e
C*
£ ;
C: :
Crivpe vesl. g37a " :
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- —— e —— — -

e ——

JOINT LOAD X - MOVEMENT Y - MOVEMENT Z - RDTATION
NO. COMBINATION (mm) Cmm) 1.0E-3 rad.

COMPARISON OF FORCES ALONG ELEMENTS 1 THRU 15 AT STEP 1
LOAD ELEM Max/Min On Max/Min On Max/Min Or
COMB END AXIAL - X EL. SHEAR - Y EL. MOMENT - 2 EL.
G4
JOINT LOAD X - MOVEMENT Y - MOVEMENT Z2 - ROTATION
NO. COMBINATION (mm) (mimn) 1.0E-3 rad.
‘ |
c 7 { & - =

—— s ——— T 3 —— e e e e S i —
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o  — — — — —— e

COMPARISON OF FORCES ALONG ELEMENTS 4 THRU 14 AT STEP 1

LOAD ELEM Max/Min On Max/Min Oon Max/Min On
COMB END AXIAL -~ X EL. SHEAR - Y EL. MOMENT - Z EL.

COMPARISON OF ELEMENT-END FORCES G42 .

COMPARISON OF FORCES ALONG ELEMENTS 4 THRU 14 AT STEP 1

LOAD ELEM Max/Min On Max/Min On i

Max/Min On

COMB END AXIAL - X EL. SHEAR - Y EL. MOMENT - 2 EL.
GLOBAL DISPLACEMENTS G42

JOINT
NO.

a b

LOAD
COMBINATION

X = MOVEMENT
(mm)

Y - MOVEMENT
(mm )}

Z - ROTATION
1 -OE-a rad .

e e e o

————— —— — — S T . . i . T S S B i S T T — . —— — —— . o o



— e —— i ——————————— — T ] ————— e

. G43
JOINT LOAD X = MOVEMENT Y - MOVEMENT Z - ROTATION
NO. COMBINATION (mm) (mm) 1.0E-3 rad.
= ﬁ-.. £ 340 3

COMPARISON OF ELEMENT-END FORCES G43

COMPARISON OF FORCES ALONG ELEMENTS 4 THRU 14 AT STEP 1

——— e ——— -_— ——— e —— —

LOAD ELEM Max/Min On Max/Min On Max/Min on
COMB END AXIAL - X EL. SHEAR - Y EL. MOMENT - Z2 EL.

s — T —————— o S T — T — T ———— T ————

GLOBAL DISPLACEMENTS G45

—— e i ——— i
e e e o T . St ot S o =
-_

JOINT LOAD X = MOVEMENT
Y -~ MOVEMENT Z -
NO. COMEINATIDN (mm) (mm) I-OEE;QI:SN

———— —
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COMPARISON OF ELEMENT-END FORCES G45

COMPARISON OF FORCES ALONG ELEMENTS 1 THRU 10 AT STEP 1
LOAD ELEM Max/Min On Max/Min On Max/Min On
comMB END AXIAL - X EL. SHEAR - Y EL. MOMENT - 2 EL.
ok T i .
s—-End 4 18.20
-49 .09 1 &
: FLACEMENTE Q46
JOINT LOAD X - MOVEMENT Y - MOVEMENT 2 - ROTATION
NO. COMBINATION (mm) (mm) 1.0E-3 rad.
1 OO0k I j
'l-- (Bl f'_::
5 | . 25364 -19.877¢ ai
& c36S 1605 $od
d bid =
CUHPABISDN OF ELEMENT-END FORCES G46 ‘
LOAD ELEM Max/Min on Max/Min On Max/Min On
COMB END AXIAL - X EL. SHEAR - Y EL. MOMENT - Z EL.
- (2 . ‘_-_ 3.9 4 £ 55 &
B-E1 123.98 4 '_‘! } = S5 c
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LR e
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GLOBAL DRISPLACEMENTS
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GU7

JOINT LOAD X - MOVEMENT Y - MOVEMENY 2 - ROTATION
NO. COMBINATION {mm} {mm) 1.0E-3 rad.

i 1 = OO0 ~37EFL.BBGO L0060
g 1 L OGOD =~13.3104 QOO0
3 1 L0000 LTI L1000
&4 1 —~ZART 8140 =374, 8700 6Q84=5DEO
5 1 ~3G06 , DEFH —9h . 4146 ~R298 . 3780
) I ~H419 . 1350 98,7251 -R9  FHEE T
7 1 ~ 1 7E8, 300 AT HS  BEHOD 4492 , 8170
8. 1 ~104%8 SP00 ~1z0.3544 B711.5190
9 1 ~ 104636 . O400 185 .46774 785 .,3105

COMPARISON OF ELEMENT-END FORCES G47

COMPARISON OF FORCES ALONG ELEMENTS 1 THRU

10 AT STEP 1

LOAD ELEM Max/Min On Max/Min On Max/Min O
CoMB END AXIalL - X EL. SHEAR - ¥ EL. MOMENT - 2 EL
1 AFd op2is .59 = 1448397 y BTG ¢

wl G a3, G4 i - BHE0E P = ~TERGE .58
B-End 4464032 . 8% i 34202 .78 s B4L7HA L3R .

e F T o 3 -2l aag 7 4 - 124931, 1C

Bl.OBE4L. DISFLACEMENTE

G51

JOINT LLoaD X - MOVEMENT ¥ -~ MOVEMENT Z — ROTATION
NO. COMBINATION {mm) {mm) 1.,0E-3 rad.
1 i A0 L D000, LOGD
2 | 1 2L 4893 LODOL o -, 370t
o l. 1 L0600 PRI AT LONI0 3
o | 1 2.4579 L1219 W JETET .
S ? | - OO0 L QOO0 o 000 .
& 1 P R -, 1938 - c =1 733 -
& i 2.5109 ~. 1232 ~1. 7854 ¢
7 1 P D00 ~17.,.9%92% Nalslelat
a8 1 &.5359 —-17.%2156 ~5.3788 ¢
ST
- - e e e e e bt et ===
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COMPARISON OF ELEMENT-END FORCES G51

— e ——— i ——— — —

7 AT STEP 1

e e e s T e

COMPARISON OF FORCES ALONG ELEMENTS 1 THRU

—_—

LOAD ELEM Max/Min an Max/Min On Max/Min On
COMB END AXIAL - X EL. SHEAR - Y EL. MOMENT -~ 2 EL.
B=E
COMPARISON OF ELEMENT-END FORCES X G52
7 AT STEP 1

COMPARISON OF FORCES ALONG ELEMENTS 1 THRU

——— —— —— o S T i o o o o e o S Mo o o e e S o T e o e

Max/Min On

LOAD ELEM Max/Min On Max/Min On
COMB END AXIAL - X EL. SHEAR - Y EL. MOMENT - 2 EL.

R e

—— s ————————————

T ——— —— . T —— T S W o S —— b

X = MOVEMENT Y - MOVEMENT Z — ROTATION

JOINT LOAD
NO. COMBINATION (mm)} (mm) 1.0E-3 rad.
> OO0 7,91 00

S ——— — —— - —— T — 2 o S - W ——— ————




' fe°

Z - ROTATION
IIOE—B l"idp

__GLOBAL_pIsPLACEMENTS_ G523

X =~ MOVEMENT Y - MOVEMENT

JOINT LOAD
NO. COMBINATION (mm) (mm)
GLOBAL DISPLACEMENTS G5%
JOINT LDAD X = MOVEMENT Y - MOVEMENT Z - ROTATION
NO. COMBINATION (mm) (mm) 1.0E-3 rad.
= 38E 1 7 . 685
4564 144 04
20 1
COMPARISON OF ELEMENT~END FORCES G55
COMPARISON OF FORCES ALONG ELEMENTS 1 THRU 5 AT STEP 1
LOAD ELEM Max/Min On Max/Min On Max/Min Dr
CEMR- END- . . SHEAR - Y EL. MOMENT - Z EL.
2
. - & " L'—
Global Displacements GS6
JOINT LOAD X - MOVEMENT Y - MOVEMENT Z - ROTATION
NO. COMBINATION (mm) (mm) 1.0E-3 rad.
c 1 i =11 N34
! .00 19.993 000
“ 1.RE 19.9465 - . 947
‘ “ ( OO . OO0
& i } 132 2.68

e o e
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——

COMPARISON OF ELEMENT-END FORCES G56

B T T ——

COMPARISON OF FORCES ALONG ELEMENTS 1 THRU S AT STEP 1
LDAD ELEM Max/Min Oon Max/Min On Max/Min On
COMB END AXIAL - X EL. EHEAR - Y EL. MOMENT - Z2 EL.
{5 G 1 15,97 4 2L ) o
14 15.17 -36 .82
E-End 31.14 15.17 5 &7 .35
15 o7 -15.97 4 30,5
AL DISPLACEMENTS G57
JOINT L.0AD X = MOVEMENT Y - MOVEMENT Z — ROTATION
NO. COMBINATION {mm) (mm) 1.0E-3 rad.
77095 ., 18 )
_.C.'i 7 .:' ] -l E_,.u 'J'_h'-' ) T 1
] : Yo 11 2 185.211
1 4 OO0 LO00
Q5L St 3¢ 1 32¢

COME/ | OF ELEME (= i G57 -

COMPARISON OF FORCES ALONG ELEMENTS 1 THRU 9 AT STEP 1
LOAD ELEM Max/Min an Max/Min On Max/Min Or
comMB END AXIAL - X EL. SHEAR - Y EL. MOMENT - 2 EL.

i ~A—End alo4 37 12986 .25 1 38071.26 S
GO i~ -G 6404 .63 -1918¢ =1 2

E-End LG 64%¢ QE l GAR504 .63 - 15538 10 2
L£154° . 2986 .25 1 193451.30 4
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FROGRAM FRAME1

PLANE FRAME PROGRAM BY TMAM M. R. T.
ADOFTED AND MODIFIED FROM AZIZ(1987)

10

15

cCoM(10)*50
CHARACTER DR1¥2,FNINNX1O,FNOUTX10,SNX2, TITLEX*80,CAS¥50,
1,AS%1,FF¥1,DRZX2

COMMON /JD/C(200,2) ,dJR(200,3) ,NSJ(60)

COMMON /ED/MC(360,2) MS(360),5(30,2),XL(360),M(360,4)
COMMON /LD/FE(3600,6),Q(5500) ,F(10,10),CL(3),D(6)
COMMON /TR/XK(6,4)

DIMENSION I8S(50),855(50,3)

WRITE(¥,10)° Enter Data Disk Drive [A:,B:,C:]
FORMAT (SX,A%)

READ(%,15)DR1

FORMAT (ZA)

WRITE(X,10)" Enter Btructure Number [2 Digits]
READ(X,15)8N

WRITE(*,10)" Enter Analysis Disk Drive [A:,B:,C:]
READ(%,15)DR2

FNINN . 1:2)=DR1

FNOUT(1:2)=DR1

FNINN(3:2+6)="DATA.G’

FNOUT(3:2+4)="D0OUT ,.G"

FNINN(?:10)=8N

FNOUT(2:10) =8N

OFPEN(1,FILE=FNINN)

OPEN(2,FILE=FNOUT,STATUS="NEW" )
OPEN(3,FILE="A:6GRIL.DAT ' ,ACCESS="DIRECT ' ,FORM="'FORMATTED ',
1 STATUS="NEW’ ,RECL=4)

WRITE(3,15)DR2,5N,DR1

CLOSE(3)

FF=CHAR(12)

"

C READ TITLE OF STRUCTURE

c

C
E
c

READ(L,"(A) "YTITLE

READ JOINT CO~-ORDINATES

30

20
70

50
80

IMFLAG=0
READ(1,20)JC0O

1F (JCO)30,30,40

TH=0

READ(1,20)NJ

FORMAT (I5,5X,2E10.0,15)
READ(1,20)J,(C(J,I1),1=1,2),IS
IF(J)45,45,50

IF(1§)70,70,80
READ(1,20)N,(C(N,1),I=1,2)
DF=(N-J) /18§
RX=(C(N,1)-C(J,1))/DF



D Line#
57
58
59
&0
61
62
- 63
b4
&5
bb
&7
68
&9
70
71
72
TS
74
75
76
77
78
79
80
81
82
83
84
85
aé
87
88
89
0
91
Q2
93
24
5
Qb
1 97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112

[

el

N

M= MNMNNNN -
..

&0

40

oon

45
0
140
110

130
150

160

100

onoo

120

180
190

200

o000

170

1310

aooo0oon

171

175

178

186

FPage
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RY=(C(N02)-C(J|ZJ)/DF

DO &0 I=J+IS,N-IS5,IS
C(I,1)=C(I-I5,1)+RX
C(I1,2)=C(I-I5,2)+RY

GOTO 70

CALL SUBJC(TH,NL NT,NJ,JMFLAG)

READ ELEMENT CONNECTIVITY & SECTION NUMBERS

READ (1,20 )MCO
IF (MCO)90,90, 100
READ(1,110)NE
READ(1,110)J, (MC(J,1),I=1,2),MS(J),IS
FORMAT (515)
IF(J)120,120,130
IF(18)140,140,150
READ(1,110)N
ID=TAES(IABS(MC(J,1))-IAEBS(MC(J,2)))
DO 160 I=J+IS,N,IS
MC(I,1)=MC(I-18,2)
MC(I,2)=MC(I-IS,2)+ID
MS(1)=MS(J)
GOTO 140

CALL SUBMC(NL ,NT,NE,JMFLAG)

READ JOINT RELEASES

READ(1,110)J, (JR(J,I1),I=1,3),1S
IF(J)170,170,180
IF(15)120,120,190

READ(1,110)N

DO 200 I=J+IS,N,IS

DO 200 L=1,3

JR(I,L)=JR(I-I8,L)

GOTO 120

READ SPRING DATA

READ (1 ,20)NSS
DO 1310 I=1,NSS
READ(1,6%0)ISS(1),(SSS(1,J),Jd=1,3)

COMFPUTE NO. OF SUFPPORTED JOINTS

NSU=0

DO 176 I=1,NJ

DO 175 L=1,3
IF(JR{1,L)-1)175,171,175
NSU=NSU+1

NSJ (NSU) =1

GOTO 176

CONT INUE
IF(NSS-1)176,176,178

DO 177 J=1,NSS
IF(I-18S(J))177,179,177




o m NNN N -

0o0oo0n

o000 on

C

379

177
176

RE

310
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NSU=NSU+1
NSJ (NSU) =1
CONT INUE
CONT INUE
AD MATERIAL PROPERTIES

READ(1,20)NS,E,B
READ(1,310)((S(1,J),J=1,2),1=1,NS)
FORMAT (2E10.0)

READ LOAD INFORMATION

WR

85

390

400

416
415
417
420

410

999

READ(1,110)LC NLC
ITE INFPUT DATA TO FILE 2

WRITE(2,’ (A///3X,A) )FF, STRUCTURAL ANALYSIS OF PLANE FRAMES
CALL SPAC1

WRITE(2,385)SN, TITLE

FORMAT (///3X ' STRUCTURE NO. °“A2,3X,A)

CALL SPAC1

WRITE(2,390)NE ,NJ,NSS,LC,NLC,E

FORMAT(///3X ' CONTROL INFORMATION'//10X

1°NO. OF ELEMENTS = "18/10X
Z2'NO. OF JOINTS = "I35/10X
7'NO. OF SPRINGS = "I5/10X
3'NO. OF LOAD CASES = "15/10X
4°NO. OF LOAD COMBINATIONS = "13//3X
5 BENERAL DATA’ //10X
& ELASTICITY MODULUS = 'E10.4/10X)
CALL SPAC1
WRITE(2,400)

FORMAT(//3X"JDINT DATA" //3X

1"JOINT ' 2X’ X-~-FREEDOM'3ZX'Y-FREEDOM' IX ' Z2-FREEDOM' 2X ' X~COORDINATE’
22X Y-COORDINATE " /3X,2X"'NO. 42X (METRES) " 7X"  (METRES) " /)
LFP=36

DO 410 I=1,NJ

AS=" -

DO 415 J=1,NSU

IF(I-NSJ(J))415,416,415

AS="G"

GOTO 417

CONT INUE

WRITE(2,420)1,A8, (JR(1,J),J=1,3),(C(1,J),J=1,2)
FORMAT(3X,I15,1X,A1,8X,11,2(11X,11),2(3X,F12.4))
LP=LP+1

IF(MOD(LP,5&6) .EQ.QO)WRITE(2,  (A) " )FF

CALL SPAC1

LP=LF+2

IF(MOD(LF,%&) .EQ.O)WRITE(2,999)FF

FORMAT (&)

C FORM EQUATION NUMEBERS IN JOINT RELEASES

C

L=1
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o000
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220

230
240

210

188

7

DO 210 I=1,NJ
DO 210 J=1,3
IF(JR(I,J)-1)220,230,240
JR(I,J)=L

L=l +1

BOTO 210
JR(I,J)=0

GOTD 210
K=JR(1,J)
JR(I,J)=JR(K,J)
CONT INUE

FORM MEMBER CODE MATRIX

230

DO 250 I=1,NE

DO 250 L=1,2

DO 250 K=LXL,3%XL
J=1ABS(MC(I,L))
N=K-3%(L~-1)
M(I,K)=JR(J,N)

Fage
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REMOVE D.0.F. CORRESSPONDING TO FINNED ENDS

280 WRITE(X, (5X,A,15,A) ) Element

270

300
290
260

RE~

340

350 IF(IABS(MC(I,J)-N))330,360,330

360

330

370

380
320

DO 260 N=1,NE
DO 260 J=1,7
IF (MC(N,J))270, 280,260

L=M(N, (J-1)%x3+3)

M(N, (J-1)%3+3)=0

DO 290 I=1,NE

DD 290 K=1,6
IF(M(I,K)=-L)290,290,300
MOT,E)=M(I,k)-1

CONT INUE

CONT INUE

ADJUST JOINT RELEASES

DO 320 N=1,NJ
DO 330 NN=1,2

DO 330 L=1,NE

DO 330 J=1,2

IF (NN-1)340, 340,350

IF (MC(L,J)-N)330,360,330

JJ=L

KK=J

GOTO 370

CONT INUE

DO 380 J=1,3
o= (KK=1) k34
JR(N,J)=M(JJ,K)
CONT INUE

FNOUT({3:2+6)="INFD.G'

‘4N, Connects to Joint ZERO’

OPEN(3,FILE=FNOUT ,STATUS="NEW" )
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267
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WRITE(3, ((3I5)) ) ((JR(I,J),J=1,3),I=1,NJ)
DO 321 N=1,8
IF(MOD(LP+N,58) )321,322,321
322 WRITE(2,999)FF
LFP=LP+N
GOTO 323
X21 CONTINUE
323 WRITE(2,430)
430 FORMAT(//3X " ELLEMENT DATA'//3X'Section Property Data :'//3X
14X 'SECTION 12X "SECTION AREA12X"'MOM. INERTIA® /73X
Z5X "NUMBER 11X° (M2)"11X° (M4) " /)
LFP=LP+8
DO 444 I=1,NS
WRITE(2,440)1,(5(1,J),Jd=1,2)
LP=LP+1
444 TF(MOD(LFP,58).EQ.0)WRITE(2,999)FF
440 FORMAT((9X,I5,2(11X,F13.9)))
CALL SFPAC1
LP=LP+2
IF(MOD(LF ,56) .EQ.QYURITE(2,999)FF

COMPUTE ELEMENT LENGTHS & TRANSFORM MATERIAL PROPERTIES

DO 500 I=1,NE
J=1ABS(MC(I,1))
N=IABS(MC(1,2))
XL(I)=SART((C(N,1)-C(J,1))¥¥2+(C(N,2)-C(J,2) ) ¥X2)
IF(XL(1))490,490,500 .
490 WRITE(%,  (5X,A,15,A,E10.4)°) Error Length of Element;T1<xL(1)
500 CONT INUE
TH=THXATAN(1.0)/45.0
DO 510 I=1,NS
PO 310 J=1,2
S(1,J)=S(1,J)/COS(TH)
510 CONTINUE

DO %511 N=1,6&

IF(MOD(LP+N,3&6))911,522,511
522 WRITE(Z2,999)FF

LE=LFP+N

GOTO 523

511 CONTINUE

523 WRITE(2,450)

450 FORMAT(//3X Element Connectivity Data :  //3X
1"ELEMENT " &X 'LOWER6X ' GREATER  &X"SECTION 10X ELEMENT " /353X
21X "NUMBER &6X " JOINT '8X " JOINT 77X "NUMBER 11X 'LENGTH' /)

LF=LF+4&
DO 460 I1=1,NE
WRITE(2,470)1,(MC(I,J),d=1,2),M5(1),XL(]1)
470 FORMAT((3X,15,6X,15,2(8X,13),3X,F12.4))
LP=LP+1
4460 IF(MOD(LF,546).EQ.O)WRITE(2, ' (A) ' )FF
CALL SPAC1

COMPUTE SYSTEM DEGREE-OF-FREEDOM & HALF BAND WIDTH
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ND=M(1,1)
NB=0

DO 520 I=1,NE

KB=IABS ( IABS(MC(1,1))-IABS(MC(1,2)))
IF (KB.GT.NB)NE=KE

DO 520 J=1,6

IF (ND-M(1,J))530,520,520

ND=M(1,J)

CONT INUE

NE=(NB+1) X3

292 C WRITE SPRING DATA

293 C
294

IF(NSS)1230,1230,1240

295 1240 WRITE(2,  (A//3X,A) ' )FF, ' SPRING STIFFNESSES’

296

WRITE(Z2,1250)

297 1250 FORMAT(//4X, LOADED'8X'X — DIRECTION'BX'Y - DIRECTION' 8X

298
299

1°Z ~ DIRECTION'/SX "JOINT 13X EN/m" 17X KN/m” 15X "KN-M/rad. /)
DO 1260 J=1,NSS

1 300 1260 WRITE(2,840)I8S5(J),(5855(J,L),L=1,3)

301 C

302 C READ/WRITE LOADINGS, AND COMPUTE FIXED-END FORCES

303 C

304 1230 WRITE(2,  (A//3X,A) )FF,"LOAD DATA’

305
306
307
308
309
310
311
312
313
314
315
316
317 C
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
I35
336

NFOhJHﬁ‘Hl*FlPIﬂP=HF‘HI-P‘Hhihl‘P‘HF‘NFJNfUQJH"
s

542

541
5473
535
UNI

240

630
S50

570
580
990
&HO0
601

602

LF=0

DO 523 K=1,LC

READ(1,  (A) " )CAS

DO 541 N=1,9

IF(MOD(LP+N,56))541,542,541

WRITE(2,997)FF

LP=LP+N

GOTO S543=

CONT INUE

WRITE(2,535)K,CAS

FORMAT (/3X"'LOAD CASE " I15,5X,A/)

CALL SPAC1
FORM LOAD

WRITE(2,540)

FORMAT(ZX'Element Uniform Load :'/3X
12X "ELEMENT ‘10X UNIFORM 13X 'DISTANCE FROM A—END’ /32X
23X NUMBER  &X LOAD (KN/m) X START (m) LOX'END (m)*/)

LP=LP+9 )

IF(MOD(LP,56) .EQ.0)WRITE(2,999)FF

READ(1,58350)N,W,AL1,AZ, IS

FORMAT(15,3E10,0,15)

IF(N)S&60,5860,870

IF(IS)580,580,590

NN=M

I15=1

GOTO &00

READ(1,550)NN

DO 610 J=N,NN,IS

IF(A3)601,601 602

AZ=XL(J)

GOTO &0

AZ=A3
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603 WRITE(2,620)J,W,Al,A2
620 FORMAT(7X,15,5X,F12.4,6X,F12.2,5X,F12.2)
LP=LF+1
IF(MOD(LP,56).EQ.0)WRITE(2, " (AR) ")FF
I=(K~-1)%XNE+J
FE(I,2)=FE(],2)+WX{AZ2-A1)¥{ (A1+AZ2+XL{I) IR (XL(JI)—(A1+AZ)/2.0)XX2
1+(A1+AZ2-XL(J)) /4.0 (A2-A1)¥X2) /XL (J ) %X%3
FE(I,Z)=FE(I,3)+WXXL(I)X((XL(J)-A1)XXIXK(XL(J)+3IXA1)=(XL(J)=-A2)
IRRTIX (AL (J)4THA2) ) /7 (12%XL(J) X X2% (AZ2-A1))
FE(I,S)=FE(I,S)+WX(A2-A1) X ((3xXL(J)~A1l-QZ)1¥(AL+A2)X%2/4 .0
1-(A1+A2-XL(J) ) /4.0 (A2-AL)XX2) /XL (J) x%x3
FE(I,O)=FE(I,b6)-WXXL(J)X(AZXX3X(4XXL(J)-3xA2)~-A1xxXx(4xXL(J) -
1-Z%A1) )/ (12%XL(I)Y X2 {A2-A1))
610 CONTINUE
GOTO &30
560 CALL SFACL
LP=LF+2
DO 641 N=1,5
IF(MOD(LP+N,56))641,642,641
642 WRITE(2,999)FF
LP=LP+N
GOTO &43%
641 CONTINUE
ELEMENT POQINT LOADS
647 WRITE(2,4640)
640 FORMAT(/3XElement Foint Loads’ //3X,

730
&80

&70
&80
&90

700

720

710

&LE60

1'ELEMENT "4X'PT. LOAD 44X 'DIST. 4X'FT. LOAD ' 4X'DIST. " 4X'FT. LOAD’
24X°'DIST. /3X,1X"'NUMBER 4X'1 (KN) “SX'(M)’'&6X"2 (KN) “5X' (M)’ &X
33 (EN) "3SX"(M)"/)

LP=LP+5

IF (MOD(LF,56) .EQ.Q)WRITE (2,999 )FF
READ(1,650)N,(CL(I),D(I),I=1,3),I8

FORMAT (15,6E10.0,15)

IF (N) 660,660,670

IF (15)680,680,4690

NN=N

18=1

GOTO 700

READ (1,650 )NN

DO 710 J=N,NN,IS

WRITE(2,720)3,(CL(1},D(I),I=1,3)
FORMAT(5X,15,3(2X,F10.3,3X,F&.3))

LP=LP+1

IF {MOD{LP,56).EQ.OYWRITE(2, (M) )FF

I=(K~1)%¥NE+J

DO 710 L=1,3

FE(I,2)=FE(1,2)+CL{L)X(XL(J)=D(L))XX2%k (2XD(L)+XL(J))/XL(J)¥¥3
FE(I,3)=FE(L,3)4+CL(L)IXD(L)¥(XL(J)=D(L))¥¥2/XL(J)*x2
FE(I,5)=FE(I,S)+CL(L)XD(L)X¥2K (IKXL(JT)=2%¥D(L))/XL(J)*X3
FE(I,6)=FE(I,6)~CL(L)XD(L)*¥2%X(XL(J)=D(L))/XL(J)X%X2
CONT INUE

GOTO 730

CALL SPACI

C JOINT LOADS

LP=LP+2
DO 741 N=1,5
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IF(MOD(LP+N,56))741,742,741
WRITE(2,999)FF
LFP=LP+N
GOTO 743
CONT INUE
WRITE(2,740)
FORMAT (/3X Joint Loads’//3X,

11XLOADED 11X " HORIZONTAL ' 13X ' VERTICAL 13X EXTERNAL" /3X,

22X JOINT " 8X° ' LOAD-X (KN) 10X LOAD=Y (KN) '8X"MOM.—-Z (KN-m)’ /)

830
750

770
780
790
800

840

820

810

760
o925

LP=LP+5

IF(MOD(LF,56) .EQ.O0)WRITE(2,999)FF
READ(1,750)J,(D(1),I=1,3),IS
FORMAT(15,3E10.0,15)
IF(J)760,760,770

IF(1S) 780,780,790

Jd=J

18=1

BOTO 800

READ(1,750)JJ

DO 810 N=J,JJ,1S
WRITE(2,840)N,(D(I),I=1,3)
FORMAT (5X,15,3(9%X,F12.4))
LP=LP+1

IF(MOD(LF,56) .EQ.O)WRITE(2, (A) ' )FF
DO 810 L=1,3
IF(JR(N,L))B10,810,820
I=(K—-1)¥ND+IR(N,L)
Q(I)=A(I)+D(L)

CONT INUE

GOTO B30

CALL SPAC1

CONT INUE

READ & WRITE LOAD COMBINATION DATA

870

860

880

200

870

DO 850 I=1,NLC

DO 850 J=1,LC

F(I,J)=0.0

DO 860 I=1,NLC

READ(1,  (A) )COM(I)

READ(1,750)K,F(I,K)

IF (K)860,860,870

CONT INUE

WRITE(2,880)FF, (I,I=1,NLC)
FORMAT (A, //3X LOAD COMBINATION DATA’//3X,

16X LOAD COMEINATION NO./FACTORS' /3X'LC ,10(1I5,2X)/)

LP=6

DD 890 I=1,LC
WRITE(Z2,900)I,(F(J,I),J=1,NLC)
FORMAT(3X,12,10(2X,F5.2))

LFP=LF+1

IF(MOD(LFP,56) .EQ.Q)WRITE(2," ' (A) " )FF
WRITE(2, ' (///7)")

LP=LP+3

IF(MOD(LP,56) .EQ.O)WRITE(Z,999)FF
DO 910 I=1,NLC
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WRITE(2,920)1,COM(1)

LP=LP+1
910 IF(MOD(LP,56).EQ.0)WRITE(2,999)FF
920 FORMAT(3X'LOAD COMBINATION ‘15,3X,A/)

READ & WRITE OQOUTPUT INFORMATION

CALL SPAC1
LP=LP+2
IF(MOD(LP,56) .EQ.O)WRITE (2,999 )FF
DO 921 N=1,3
IF (MOD(LP+N,56))921,922,921
922 WRITE(2,999)FF
LP=LP+N
BOTO 923
921 CONTINUE
923 WRITE(2,  (//3X,A/)") OUTPUT INFORMATION®
LP=LP+3
IF (MOD(LF,56) .EQ.0)WRITE (2,999)FF
DO 930 1=1,%
READ(1,  (A) ' )CAS
WRITE(2, ' (A) " )CAS
LP=LP+1
IF (MOD(LF,56) .EQ.0)WRITE(2,999)FF
950 READ(1,940)J,N,IS
WRITE(3,940)J,N,18
IF (J) 930,930,960
960 WRITE(2,940)J,N,IS
LP=LP+1
IF(MOD(LP,56) .EQ.O)WRITE(2,999)FF
GOTO 950
930 CONTINUE
CLOSE(3)
940 FORMAT(315)
CALL SPACL
LP=LP+2
DO 941 N=1,6
IF (MOD(LP+N, 56))941,942,941
942 WRITE(2,999)FF
LP=LP+N
BOTD 943
941 CONTINUE
943 WRITE(2,970)ND,NB,NSU
970 FORMAT (3X‘'SYSTEM DEGREES-OF-FREEDOM =" 15/3X

1 "BAND-WIDTH = "15/3X
2 ‘NO. OF SUFPORTED JOINTS ="15/)
CALL SFAC1

CLOSE(1)

CLOSE(2)

RESOLVE AFFLIED ACTIONS

OFEN(1,FILE="A:0.66G" ,ACCESS='DIRECT’ ,FORM="FORMATTED"’
1 BTATUS="NEW’ ,RECL=13)
DO 1185 I=1,ND*LC
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1 50% WRITE(1,1130,REC=1)@(])
1 506 1185 Q(I)=0.0
507 DO 1000 I=i,NE
L sos | po 1000 J=1,6 -
2 8509 IF(M(1,3)31000,1000,1010
2 510 1010 CALL TRANS(I)
2 511 JI=M{1,d)
T2 812 | DO 1020 K=1,LC
3 51% DO 1030 L=1,6
4 514 1030 D(L)=0.0 _ —
3 515 DO 1040 L=1,& t
4 516 DF=0.0
4 %17 | DO 1080 N=1,6 -
5 518 1050 DF=DF+XK(N,L)XFE{(K-1)XNE+I,N)
4 519 1040 D(L)=DF
3 8520 1020 Q((K~1)XND+JJ)=R( (K-1)XND+JJ)+D{J)
2 521 1000 CONTINUE
522 DO 1060 I=1,NDXLC
1 523 READ(1,1130,REC=1)0Q
1 524 1060 Q(I13}=QG-0(1)
525 CLOSE(1,STATUS='DELETE" )
526 C
527 € WRITE DATA FDR FURTHER ANALYSIS INTQ FILE 2 -
528 C
529 FNOUT (1:2)=DRZ
530 FNOUT(Z:2+6)="DANA.G’ L
531 OPEN(2,FILE=FNOUT ,ACCESS="DIRECT ' ,FORM="UNFORMATTED" ,
532 1 STATUS='NEW' ,RECL=102)
533X WRITE(2,REC=1)NE,NJ,LC,ND,NE,NLC,NSU,NSS
d 534 WRITE(2,REC=2)NS,E,G
535 JJI=2
534 DO 1120 I=t,NS
1 8537 1120 WRITE(2,REC=I+JJ)(S(I,J),J=1,2)
538 JI=JJ+NS
539 DD 1140 I=1,NE
1 540 1140 WRITE(Z,REC=I+JJ) (MC(1,J),J=1,2),(M(1,3),d=1,6),M5(1)
841 JI=JJ+NE
347 PO 1150 I=1,NJ
1 543 1150 WRITE(Z,REC=I+JJ)(C(I,J).I=1,2)
544 JJI=JJ+NJI
S45 DO 116G I=1,NSU
1 544 1160 WRITE(2,REC=I+JJINSJI(I) .
547 JJ=,1J+NSU
548 PG 1170 I=1,NEXLC
1 549 1170 WRITE(Z2,REC=I+JJ)(FE(I,J)J=2,3),(FE(I,J),J=59,6) .
A50 JJ=JI+NEXLC - ;1

551 DO 1180 I=1,NDXLC
DlLinsQ;gl 118C?7WRITE(2 REC;I+JJ)Q( I) Microsoft FORTRANZ7Z7 VY3I.30 ¢

S&d3 1130 FRRMAT(NRRIE-7)

e CHESELFI 1=1,nLC
1 9%y t190BWRITE(2 ,REC=1+JJ)(F(1,d},J=1,LC)

2564 JJI=JI+NLC
N-me g5 Type po 128 TREE fio§lass -
f 558 1210 WRITE(R,REC=I+JJ)ISS(I},(SSS{I,d},3=1,3)

REAL i54

Al

A2 REAL X386

Al SEFAL100 FORMATGEYPEL14.7)

AS CHARY1 - 2372

ATAN ' INTRINSIC 7
c REAL Q /3D /

CAS CHAR%X SO a J0246




CHAR
CL
COomM
cos

DF
DR1
DR2

F
FE
FF
FNINN
FNOUT
G
1
IARS
ip
| §-]
IS5
J
JCO
JJ
JMFLAG
JR
K
KB
K
L
t.C
LF
]
MG
mMCca
mMOD
MS
N
NB
ND
HE
NJ
NL
NLC

REAL
CHARX30

REAL
REAL
CHARX2
CHARXZ
REAL

REAL
REAL
CHARX1
CHAR®10
CHARX 10
REAL
INTEGERX4

INTEGERX4
INTEGER* 4
INTEGERK4
INTEGERX4
INTEGER®4
INTEGERXA
INTEGERY4
INTEGER* 4
INTEGER X4
INTEGERX4
INTEGER®4
INTEGERX4
INTEGER¥4
INTEGERXS
INTEGERX%4
INTEGERX4
INTEGER %4

INTEGERX4
INTEGER*4
INTEGERX4
INTEGER%4
INTEGER%4
INTEGERX4
INTEGERY4
INTEGERX4S

|
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A

432464
812

43276
1484
1320
1328
1574

42844
O
1350
1330
1340
1580
1470

1528
1478
612
1364
1436
2514
1432
1600
2484
29&4
29820
13548
14648
2364
6160
0
1514

2880
1442
2956
2952
i1h1ie
1444
15046

195

INTRINSIC
/LD /
INTRINSIC
/LD /
D /
/LD /
INTRINSIC
/3D /
/ED /
/ED /
INTRINSIC
/ED /

.....

1632 .
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NN INTEGER
NS INTEGER
NSJ INTEGER
NSS INTEGER
NSU INTEGER
NT INTEGER
e REAL
Qa REAL
RX REAL
RY REAL
5 REAL
SN CHARX2
SART
858 REAL
™ REAL
TITLE CHARX80
W REAL
XK REAL
XL REAL
564
565
866 C
8567 C BENE
568 C
5469
570
571 70
572
573
574
375
576
577
578 10
579
580 20
1 581
1 582
1 583
1 584
1 58%
1 586
1 587 40
1 L89
1 589
1 590 50
2 591
2 592
2 593 &0
1 594
1 595 30
596
597
598

Facg
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¥4 2508
x4 19872
X4 4000 /JD /
g 1552
x4 1560
X4 1510
20864 /LD /
4328
1470
1494
4320 /ED /
1326
INTRINSIC
12
1440
1351
3350
0 /TR /
4720 /ED /

SUBROUT INE SUBJC(TH,NL,NT,NJ,JMFLAG)
COMMON /JD/C(200,2) ,JR(200,3) ,NSJ(60)

RATES JOINT COODRDINATE AUTOMATICALLY

JMFLAG=1
READ(1,70)NL,NT,SFAN, TH,H
FORMAT (215,3E10.0)
XNL=SPAN/ (NT-1)
THR=THXATAN(1.0)/45.0
K=1

M2=NTX (NL-1)+1

M3=NT
IF(NL-NT)10,20,20
M2=NL

M3=1

DO 30 I=1,M2,M3

C(I 1)==(K-1)XHXTAN(TH)
C(I,2)=(K-1)x%xH

Nl=I+1

N2=KXNT

N3=1
IF(NL-NT)40,50, 50
N1=I+NL

NZ=NLX (NT-1)+I

N3=NL

DO 60 J=N1,N2,N3
C(J,1)=C(J-N3,1)+XNL
C(J,2)=C(J-NZ,2)

CONT INUE

K=K+1

CONT INUE

NJ=NTXNL

RETURN

END
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COMMON /ED/MC(360,2) ,M5(360),8(50,2) , XL (360) ,M(360,6)

197
D Line# 1 7
Name Type Offset Class
ATAN INTRINSIC
c REAL 0 /dD /
H REAL 4394
I INTEGERY¥4 4432
J INTEGERX4 44376
JMFLAG INTEGERX4 16
JR INTEGERX4 1600 /dD /
K INTEGERX4 4420
M2 INTEGERX4 4424
M3 INTEGERX4 4428
N1 INTEGERY¥4 4444
N2 INTEGERX4 4448
N3 INTEGER* 4 448352
NJ INTEGER ¥4 12
NL INTEGERX4 4
NSJ INTEGERX¥4 4000 /JD /
NT INTEGERX4 8
SPAN REAL 4392
TAN INTRINSIC
TH REAL O
THR REAL 4416
XNL REAL 4412
599 SUBROUTINE SUEBMC (NL ,NT,NE,JMFLAG)
&00
601 C
602 C GENERATES MEMBER CONNECTIVITY AUTOMATICALLY
603 C
604 IF(JMFLAG.EQ.1)GOTO 5
605 READ(1, " (2I5) " )NL,NT
606 S NH=NL
607 NV=NT
408 IF(NT-NL)20,20,10
LO9 10 NH=NT
&10 NV=NL
611 20 DO 30 I=1,NH
1 612 DO X0 J=1,NV-1
2 613 L=(I-1)Xx(NV=1)+J
2 bl4 MO(L,1)=(I-1)%kNV+]
2 6185 MC(L,2)=MC(L,1)+1
2 616 0 CONTINUE
617 DO 40 I=1,NV
1 618 Ji=1
1 619 DO 40 J=1,NH-1
2 620 L=(NV-1)XNH+(I-1) ¥ (NH-1)+J
2 &21 MC(L,1)=J1
2 622 J1=J1+NV
2 b623 MC(L,2)=J1
42 &24 40 CONTINUE
625 C
626 NE=({NT=1) kNL+ (NL-1) ¥NT

&27 C
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COMMON /JD/C(200,2) ,JR(200,3) ,NSJ (60)
COMMON /ED/MC(360,2) ,MS(360) ,8(50,2) ,XL (360) ,M(360,6)

D Line# 1 7
628 C READ & GENERATE ELEMENT SECTION NUMERER
629 C
630 140 READ(1,150)N,MS(N),IS
631 150 FORMAT(ZIS)
632 IF(N)160,160,170
L33 170 IF(1S5)140,140,180
&34 180 READ(1,150)NN
&35 DO 190 I=N+IS,NN,IS
1 636 MS(I)=ME(N)
1 637 190 CONTINUE
638 GOTO 140
639 160 RETURN
&40 END
Name Type Offset P Class
I INTEGER¥4 4474
1S INTEGERX4 4512
J INTEGERX 4 4484
Ji INTEGER*4 4500
JMFLAG INTEGERX4 12 x
L INTEGER*4 4492
M INTEGERX4 6160 /ED
MC INTEGER%4 0 /ED
MS INTEGERX 4 2880 /ED
N INTEGERX4 4508
NE INTEGER X4 8
NH INTEGERX4 4448
NL INTEGERX4 0
NN INTEGERX4 43522
NT INTEGERX4 4
NV INTEGER*4 4472
8 REAL 4320 /ED
XL REAL 4720 /ED
641 SUBROUTINE TRANS(I)
642 C
643 C FORM TRANSFORMATION MATRIX XK
&44
645
44
&47 COMMON /TR/XE(&,6)
648 J1=IABS(MC(I,1))
649 J2=IABS(MC(I1,2))
&30 X=C(J2,1)-C(J1,1)
651 Y=C(J2,2)-C(J1,2)
652 XL(I)=SART(X¥X+YXY)
6583 IF(XL(1))10,10,20
654 20 Cil=X/XL(I)
655 C2=Y/XL(I)
686 DO 30 K=1,6
1 657 DO 30 L=1,6
2 4658 J0 XK(K,L)=0.0
659 XK(1,1)=C1
6460 XK(2,2)=C1



10 WRITE(X, (5X,A,I15,A,F15.4) ) 'Length of Element

199

D Line# 1 7
b6b61 XK(4,4)=C1
6462 XK(5,3)=C1
&63 XK(1,2)=C2
664 XK(4,5)=C2
665 XK(2,1)=-C2
bbb XK(5,4)=-C2
g 667 XK(Z,3)=1.0
668 XK(6,6)=1.0
669 RETURN
670
&71 RETURN
&72 END
Name Type Offset P Class
C REAL o) /JdD /
Ci REAL 4550
c2 REAL 4554
1 INTEGERX4 0
IAES INTRINSIC
Ji INTEGER*4 4534
J2 INTEGERX4 4538
JR INTEGER*4 1600 /JD /
K INTEGERX4 4358
L. INTEGERX4 4562
M INTEGERX4 6160 /ED /
MC INTEGERX4 0 /ED I
MS INTEGERX4 2880 /ED /
< NSJ INTEGERX¥4 4000 /JD /
8 REAL 420 /ED /
SQRT INTRINSIC
X REAL 4542
XK REAL e} /TR /
XL REAL 4720 /ED /
Y REAL 45464
&73 SUBROUTINE SPAC1
674 WRITE(2Z2,10)( =" ,I=1,70Q)
675 10 FORMAT(3X,70AR1,/)
&76 RETURN
&77 END
Name Type Offeset P Class
1 INTEGER¥4 45466
&78
- Name Type Size Class
<ED 14800 COMMON
FRAME1 FROGRAM
JD 4240 COMMON
LD 43X00 COMMON

Microsoft FORTRAN77 V3.30 March
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" XL(T)
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D Line# 1
SPAC1
SUBJC
SUEMC

TR

TRANS

FPass One

144

200

SUBROUT INE
SUBROUT INE
SUBROUT INE
COMMON

SUBROUT INE

No Errors Detected

678 Source Lines
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40
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00
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PROGRAM FRAMEZ2

CHARACTER DRx2,SNX2,FNx10

COMMON /ON/E,G

COMMON /JD/C(200,2) SSS(50,3)x

COMMON /ED/MC(360,2),MS(360),8(530,2) ,M(360,46),185(50),
COMMON /LD/Q(3500) ,BK(21120)

RECL=6)
DFEN(l,FILE=‘A:GRIL.DAT‘,ﬁCEESSﬂ'DIREET‘,FDRM='FDRMATTED',q
READ(1,10,REC=1)DR,SN
CLOSE(1)

FN(1:2)=DR

FN(Z:2+6)="DANA.G’

FN(?:10)=SN
OPEN(2,FILE=FN,ACCESS="DIRECT " ,FORM="UNFORMATTED  ,RECL=102)
READ(2,REC=1)NE,NJ,LC,ND,NE,NLC,NSU,NSS
READ(2,REC=2)NS,E,G

JJ=2

DO 40 I=1,NS
READ(2,REC=I+JJ)(S(I1,J),J=1,2)

JJ=JJ+NS

DO 60 I=1,NE

READ(2 ,REC=I+JJ ) (MC(Y,J),d=1,2),(M(I,J),J=1,6) ,MS(I)
JJI=JJ+NE

DO 70 I=1,NJ
READ(2,REC=I+JJ)(C(I1,J),Jd=1,2)
JJI=JJ+NI+NSU+NEXLC

DO 80 I=1,NDxLC

READ(2,REC=I+JJ)Q(I)

JJ=JJ+NDXLC+NLC

DD 110 I=1,NSS
READ(2,REC=I+JJ)ISS(1),(585(1,J),J=1,3)

DD 90 I1=1,NDXNE
BK(I)=0.0

CALL ASS(ND,NB,NE,NSS)
KC=1

CALL SOLVER(ND,NBE,LC,KC)
IF(KC.LT.1)STOP

JJ=2+NS+NE+NJ+NSU+NE XL C
DO 100 I=1,NDXLC
WRITE(2,REC=I+JJ)Q(I)
CLOSE(2)

FORMAT ( 2A)

FORMAT (915)

FORMAT (15,2E14.7)
FORMAT (4E14.7)

END

Offset P Class

22000 /LD /
0 /JD /
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DR CHARX2 12
E REAL 0 /0N /
FN CHAR¥10 146
G REAL ) /0N /
I INTEGERX4 b&
185 INTEGER*4 13260 /ED 7
¥J INTEGER¥4 74
JJ INTEGER*4 &2
KC INTEGERX4 106
Le INTEGER*4 =4
M INTEGER*4 {4720 /ED /
MC INTEGER X4 O /ED /
MS INTEGER¥4 2880 /ED /
NB INTEGER¥4 42
ND INTEGERY 4 58
NE INTEGERX4 26
NJ INTEGERX4 30
NLC INTEGERX4 44
NS INTEGER®4 58
NSS INTEGER%*4 54
NSU INTEGERX4 50
Q REAL (a] /LD /
g REAL 4720 /ED /
SN CHARXZ2 14
885 REAL 13560 /ED P
52 SUBROUTINE ASS(ND,NE,NE,NSS) 555(50,3)

AA AR LA UN I ARANN =W WAN -

33
54
a5
56
57
58
59
60
61

-~

&=
64
65
b6
&7
68
69
70
71
72
73
74
75
76
77
78

79
80

C

COMMON /ED/MC (360,2) [MS(360) ,8(50,2) ,M(360,6),185(50) ,A
COMMON /LD/Q(S500) ,BK (21120)

COMMON /ST/XK(b,6)

INTEGER TC(6,6),TR(&6,6)

C SYSTEM STIFFNESS MATRIX TRANSFORMATION

Cc

40
2Q
30

70

80
{0

DO 10 I=1,NE

CALL STIF(I,NSS)
DO 20 K=1,b

DO 20 L=1,6
TC(K,L)=0
TR(K,L)=0

DO 30 K=1,6
IF(M(1,K))30,30,40
DO 50 L=1,6
TC(K,L)=M(T,L)
TR(L ,K)=M(1,L)
CONT INUE

DO &0 J=1,6

DO 60 K=1,6b
IF(TC(J,K))160,60,70
L=TC(J,K)
N=TR(J,K)

IF (N-L)80,80,60
JI=L-N+1

IF (JJ-NB) 100, 100,90
WRITE(%,200)1,N
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3 81 100 BE((JJ=1)¥ND+N)=BK{ (JJ=1)¥ND+N)+XK(J,K)
3 a2 6O CONT INUE
1 83 10 CONTINUE
84 RETURN
85 200 FORMAT(SX Column > NE at Element 15 Row'15)
8é END
T
Name Type Offset F Class
BE REAL 22000 /LD /
;4 INTEGERX¥4 8432
1SS INTEGER*4 13360 /ED /
J INTEGER%X4 A4¢
JJ INTEGERX*4 454
¥ INTEGER¥4 440
L. INTEGER*4 4444
™ INTEGERX4 4720 /ED /
MC INTEGERX4 O /ED /
mMS INTEGER%4 2880 /ED /
N INTEGER X4 452
NE INTEGERY 4 4 %
ND INTEGER*4 0 ¥
NE INTEGER X4 8 %
NSS INTEGERX*4 12 9
(] REAL 0 /LD /
8 REAL 4320 /ED /
8885 REAL 13560 /ED /
e INTEGER X4 144
¥ TR INTEGERX%4 288
XK REAL ] /8T /
87 SUBROUTINE STIF(I,NSS)
88 COMMON /ON/E,G 355(50’3)
89 COMMON /ED/MC(360,2) ,MS5(360) ,5(50,2) ,M(360,6),I85(50) , A
0 COMMON /ST/XK{&,6)
21 COMMON /TR/TC(&,6),TR(&6,6)
92 COMMON /TwW/ XL
93 DIMENSION SS(é&)
94 C
25 C FORM ELEMENT MODEL
96 C
97 CALL TRANS(I)
T8 DO 10 K=1,6
1 F9 DO 10 L=1,6
P 100 10 XK(K,L}=0.0
101 L=MS(I)
102 A=S(L,1)
103 XI=S(L,.2)
104 IF(XL)20,20,30
105 20 WRITE(¥,Z00)I,XL
104 30 AL=EXXI/XL%%x3
- 107 IF(A)40,40,50
108 40 WRITE(¥,310)1,A
109 850 IF(XI)&0,60,70
110 60 WRITE(*,320)I,XI1
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Runne

111
112
113
114
113
116
117
118
119
120
121
122
123
124
1239
126
127
128
129
130
1351
132
133
134
135
136
137
138
139
140
141
142
1473
144
145
1446
147
148
149
150
151
152
157
154
1. 5%
156
157
158
19¢
160
161
162
163
164

165
1466

70

80

100
110

120
130
140

0

160
150

180
170

430
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B=A¥XLEXL/XI
XK(1,1)=ALXE
XK(4,4)=ALXHE

XK(1,4)=—ALXE

XK (4,1)=—ALXH
IF(MC(I,1).LT.0 .OR. MC(I,2).LT.0)GOTO 80O
XK(2,2)=12%AL
XK(5,5)=12%AL
XK(S,2)=-12%AL
XK(2,5)=—12%AL
XK(2,3)=6XXLXAL
XK(3,2)=XK(2,3)
XK(2,6)=XK(2,3)
XK(6,2)=XK(2,3)
XK(3,5)==XK(2,3)
XK(S,3)=XK(3,5)
XK(S,6)=XK(3,5)
XK(b,5)=XK(3,5)

XK (3, 3)=4%XLXXL*¥AL
XK(b,6)=XK(Z,3)
XK(3,6)=XK(3,3)/2.0
XK(6,3)=XK(3,8)
GOTO 90
XK(2,2)=3%AL
XK(5,5)=3XxAL
XK(2,5)=-3XAL
XK(5,2)=XK(2,5)
IF(MC(1,1))110,100,120
WRITE (% ,330)1
XK(2,6)=3XALKXL
XK(6,2)=XK(2,6)
XK(S,6)==XK(2,6)
XK(6,5)=XK(5,6)

XK (6,6)=XK(2,6)XXL
IF(MC(I,2))140,130,90
WRITE (¥,330)1
XK(2,3)=3KALXXL
XK(3,2)=XK(2,3)
XK(3,5)=-XK(2,3)
XK(5,3)=XK(3,5)
XK(3,3)=XK(2,3)%XL
DO 150 K=1,6

DD 150 L=1,6
SLUM=0, 0

DO 160 J=1,6
SUM=SUM+ XK (K, J)¥TC(J,L)
TR(K,L)=5UM

PO 170 K=1,6

DO 170 L=1,6
5UM=0, 0

PO 180 J=1,6
SUM=SUM+TC (J K ¥TR(J,L)
XK (K ,L)=SUM

IF (NSS ) 420,420,430
DO 340 J=1,NSS

DO 410 K=1,6

|
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2 167 410 S5(K) = 0.0
1 1468 IF(IABS(MC(I,.1))-ISS(J))350,360,350
1 169 X260 DO 270 K=1,2
2 170 370 SS(K)=88S8(J.K)
1 171 350 IF(IABS(MC(I,2))-1585(J))340,380.340
1 172 380 DO 390 K=1,3
2 173 30 SS5(K+3)=885(J,K)
1 174 240 CONTINUE
175 DO 400 K=1,6
1 176 400 XK(K ,K)=XK(K ,K)+85(K)
177 420 CONTINUE
178 RETURN
179 300 FORMAT(SX 'Length OF Element 15" ='F15.4)
180 310 FORMAT(SX Area of Element I5° ="E10.4)
isi 320 FORMAT(SX Inertia of Element 1%’ ="E10.4)
182 IZ0 FORMAT(SX'Element’ IS Connects to ZERO Joint’)
183 END
Name Type Dffset F Class
A REAL 932
AL REAL S40
E REAL 544
E REAL O /0N /
G REAL 4 /0N /
b INTEGERX4 O ¥
IAEBS INTRINSIC
188 INTEGERX4 13360 /ED /
J INTEGERX 4 Be2
K INTEGER*4 524
L INTEGER X4 528
M INTEGER X4 4720 /ED /
MC INTEGERX4 O /ED /
MS INTEGERX 4 2880 /ED /
NSS INTEGERX 4 4 %
s REAL 4320 /ED /
SS REAL 500
8555 REAL 13560 /ED /
SUM REAL 548
TC REAL 0 /TR £
TR REAL 144 /TR /
X1 REAL 336
XE REAL (%] 78T /
XL REAL 0 /TW /
184 SUBRDUTINE TRANS(1)
185 C
186 C FORM TRANSFORMATION MATRIX
187 C
188 COMMON /JD/C(200,2) SS5(50,3)
189 COMMDN /ED/MC(360,2) MS5(360),5(50,2) ,M(360,46),185(50) ,A
190 COMMON /TR/TC(&,6),TR(&,6)
191 COMMON /TW/ XL
192 J1=IABS(MC(I,1))
193 J2=IABS(MC(I1,2))
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194 X=C(J2,1)-C(J1,1)
195 Y=C(JZ2,2)-C(J1,2)
1946 XL=SART (XkX+YXY)
197 IF(XL)10,10,20
198 20 Cil=X/XL
199 C2=Y /XL
'r 200 DO 30 K=1,6
i 201 DO 30 L=1,6
2 202 20 TC(KE,L)=0.0
203 TC(1,1)=C1
204 TC(2,2)=C1
205 TC(4,4)=C1
206 TC(5,5)=C1
207 TC(1,2)=C2
208 TC(4,5)=C2
209 TC{2,1 )==C2
210 TC(5,4)=-C2
211 TC(3,3)=1.0
212 TC(b6,6)=1.0
213 RETURN
214 10 WRITE(X, " (5X,A,15,A,F15.4)" ) 'Length of Element ",I1." = ' ,XL
215 RETURN
216 END
Name Type Dffset F Class
C REAL 8] /JdD /
cC1 REAL 720
7c2 REAL 724
I INTEGERX4 [OT §
IAES INTRINSIC
1SS INTEGER ¥4 13360 /ED /
Ji INTEGERX4 704
Jz2 INTEGERX4 708
K INTEGERX4 728
L INTEGERX4 732
M INTEGERX 4 4720 /ED /
MC INTEGERX4 0 /ED /
MS INTEGER X4 2880 /ED /
S REAL 4320 /ED /
SORT . INTRINSIC
§5S REAL 135&0 /ED /
TG REAL O /TR /
TR REAL 144 /TR /
X REAL 712
XL REAL O /TW g
Y REAL 716
217 SUBROUTINE SOLVER(ND,NE,LC,KC)
218 COMMON /LD/Q(S500) BE(Z21120)
219 C
w 220 C TRIPLE MATRIX DECOMFOSITION TECHNIQUE
221 C
222 DO 600 I=1,ND

1 223 IF (BK(1))600,1060,600




L

1
Fage

207 11-1
11:4
D Line# 1 7 Microsaft FORTRAN77 V3.30 March
1 224 &00 CONTINUE
225 DO 650 I=2,ND
1 226 ILi=1-1
1 227 NBL=IL1+NB
i 228 IF(NBL-ND)&615,615,610
1 229 &10 NBL=ND
1 230 615 DO 650 J=1 ,NEL
2 231 IJ=(J—1)%XND+I
2 232 SUM=EE(1J)
2 233 NNE=J~-NB+1
2 234 IF (NNR)&20,620,630
2 235 420 NMB=1
2 236 630 IF(NNB-IL1)632,632,642
2 237 632 DO 640 N=NNB,IL1
3 238 640 SUM=SUM-BE ( { IT=N)XND+N) ¥BK ( { J-N)XND+N) /B (N)
2 239 642 BK(IJ)=8UM
2 240 650 CONT INUE
241 DO 666 11=1,LC
1 242 LI=ND¥(II-1)
1 2473 Q(LI+1)=0(LI+1)/BK(1)
1 244 DO &65 1=2,ND
2 245 IR=LI+I
2 244 SUM=Q(IR)
2 247 I1=1-1
2 248 NNE=I-NBE+1
2 249 IF(NNB)&55,4655,656
2 250 655 NNB=1
2 2951 656 DO 662 EK=NNB,I1
3 252 KR=LI+K
3 253 SUM=SUM-BEK ( (I-K)XND+K ) ¥Q(KR)
3 254 662 CONTINUE
2 235 665 Q(IR)=SUM/BK(1)
1 2546 &646 CONTINUE
257 DO 680 1I1=1,LC
1 258 LI=ND%(1I-1)
i 259 DO &75 JJd=2.ND
| 260 I1=ND-JJ+1
2 261 IR=LI+]
2 262 SUM=0.0
2 263 I1=1+1
2 264 NNE=1-1+NRE
2 265 IF(NNB-ND)&72,672,671
2 266 671 NNE=ND
2 267 672 DO &73 K=I1,NNB
3 268 KR=LI+K
3 269 673 SUM=SUM+BE ( (K-I)¥ND+I)*Q(KR)
2 270 675 Q(IR)=Q(IR)-SUM/BK (1)
1 271 &80 CONTINUE
272 RETURN
273 1060 WRITE(%*, (A)") ZERDO Leading Coefficient Encountered’
274 KC=0
275 RETURN
Y 276 END

Name Type Offset P Class
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BK REAL 22000 /LD /
I INTEGERX4 736
I1 INTEGERX4 804
II INTEGERX 4 784
IJ INTEGERX 4 764
IL1 INTEGER*4 748
IR INTEGERX4 800
J INTEGERX 4 756
JdJ INTEGER%4 824
K INTEGER* 4 808
KC INTEGERX4 12 %
KR INTEGERX4 816
LC INTEGERX 4 8 x
LI INTEGERX4 792
N INTEGERX4 776
NB INTEGERX4 4 x
NEL INTEGERX4 702
ND INTEGERX4 O %
NNE INTEGERX4 T2
a REAL (s} /LD /
SuUM REAL 748
Name Type Size Class
ASS SUBROUT INE
ED 14160 COMMON
FRAMEZ FROGRAM
JdD 1600 COMMON
LD 40944 COMMON
ON 8 COMMON
SOLVER SUBROUT INE
ST 144 COMMON
STIF SUBROUTINE
TR 288 COMMON
TRANS SUBROUT INE
TW 4 COMMON
Fass One No Errors Detected

276 Source Lines
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Name
-

C
DR
E

CONOCIDLUWUN-

el
HEWNE=O

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
=1
32
33
34
35
36
37
38
39
40
a1
42
43
44
45
46
47
48
49
50

(o o I

1120

1140

1150

1160

2100

10
1100
1110
1130

Type

REAL
CHARX¥2
REAL
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FROGRAM FRAMEZ
CHARACTER DRX¥2,SNX2,FNX¥10

COMMON /DN/E ,G
COMMON /JD/C(200,2) ,NSJ(&0)

COMMON /ED/MC(360,2) ,MS(360),8(50,2) ,M(360,6)

COMMON /RS/F (600,3)

DIMENSION F(10)

RECL=6) -
OPEN(1,FILE="'A:GRIL.DAT' ,ACCESS="DIRECT ' ,FORM="FORMATTED" ,A
READ(1,10,REC=1)DR,SN
CLOSE(1) |
FN(1:2)=DR ;
FN(3:2+6)= DANA.G"

FN(9:10)=5N

OPEN(2,F ILE=FN,ACCESS="DIRECT‘ ,FORM="UNFORMATTED’ ,RECL=102)
READ(2,REC=1)NE ,NJ,LC,ND,NE,NLC,NSU
READ(2,REC=2)NS,E,G

JJ=2

DO 1120 I=1,NS

READ(2,REC=14JJ)(S(1,J),J=1,2)

JI=JJI+NS

DO 1140 I=1,NE

READ(2,REC=I+JJ) (MC(1,Jd),J=1,2),(M(1,J),J=1,6),MS(I)
JI=JJ+NE

DD 11%0 I=1,NJ

READ(Z,REC=1+JJ) (C(1,J),I=1,2)

JJI=JJ+NJ

DO 1160 I=1,NSU

READ (2 ,REC=1+JJ)INSJ (1)

CALL EFORCE(ND,NE,LC,NJ,NS,NSU)
CALL JFORCE(NSU,NE NI ,LC,NS)

FN(3:2+6)='JFOR.G’
OPEN(3,FILE=FN,ACCESS="DIRECT ' ,STATUS="NEW ,RECL=420)
DO 2100 I=1,NSU

WRITE(X,REC=1)( (P((K=1)XNSU+I,J),J=1,3),K=1,LC)

CLOSE (2)

CLOSE (3)

FORMAT (2A)
FORMAT(915)
FORMAT(15,10E14.7)
FORMAT (12E14.7)
END

Offeet F Class

4] /JdD /
92
0 /0N /
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SUBROUTINE EFORCE(NMD,NE,LC,NJ,NS,NSU)

COMMON /ED/MC(360,2) ,MB(360),85(50,2) ,M(360,46)

/TR/T(b6,6) /DD/DT(6),D(6)

OFEN(Z,FILE="MFRCS.FNN' ,ACCESS="DIRECT ' ,FORM="FORMATTED ",

D Line# 1 7
F REAL 2
FN CHARX 10 56
G REAL 4 /0N
I INTEGERX*4 102
J INTEGERX4 110
JJ INTEGERX4 98
K INTEGERX* 4 138
LE INTEGERX4 74
M INTEGERX4 4720 /ED
MC INTEGERX4 Q /ED
MS INTEGERX4 2880 /ED
NE INTEGERX*4 82
ND INTEGER®4 78
NE INTEGERX%4 &6
NJ INTEGER%4 70
NLC INTEGER*4 86
NS INTEGER %4 94
NSJ INTEGERX4 1600 /JD
NSU INTEGERX 4 0
P REAL 8] /RS
G REAL 4320 /ED
SN CHARX2 54
51
52 €
53
54 COMMON /RS/P(&00,3) /FF/FE(&)
35 COMMON /ST/XE(&6,6)
ba 12 DIMENSION DG(&)
S7
a8 1 STATUS="NEW' ,RECL=148)
5% £
60 DO 110 KK=1,LC
b1 PO 110 I=(KK-1)ERNE+1,KKXNE
L4 2 DO 120 K=1,6
3 &3 120 D(K)=0,0
. &4 I11=1-(KK—=1)XNE
z 65 C
2 &6 C GLOBAL DISPLACEMENT TRANSFORMATION
2 &7 C .
2 &8 JJI=2+NS+NE+NIJ+NSU+LC¥NE
2 &9 PD 130 K=1,6
3 70 IF(M(IL,K))130,130,140
3 71 140 L=M(I1,K)
3 Z READ(2,REC=(KK=1 ) ¥*ND+L+JJ)D(K)
3 73 130 CONTINUE
2 74 C
2 75 C LOCAL DISFLACEMENT TRANSFORMATION
2 76 C
2 77 CALL TRANS(11)
2 78 DO 280 J=1,6
* 79 DG(J)=D(J)
- 80 SUM=0.0
3 81 DO 2R0 K=1,6
q 82 290 SUM=SUM+T(J ,K)XD(K)
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3 83 280 DT(J)=5UM
2 84 C©
2 85 C COMPUTATION OF ELEMENT FORCES
2 86 C
2 87 CALL STIF(11)
2 88 JJI=2+NE+NE+NJ+NSU
T 2 89 READ(Z,REC=I+JJ)(FE(J),J=2,3),(FE(J) ,J=0,6)
2 90 DD 160 J=1,6
3 1 SUM=0 .0
3 2 DO 170 K=1,6
B 9= 170 SUM=SUM+XK (J,K)XDT(K)
S 94 160 D(J)=SUM+FE(J)
z . WRITE(2Z2,REC=I+JJ)(D(J),J=1,6),(DT(J),Jd=1,6)
2 96 WRITE(3,1130,REC=1)(D(J),D(J+3),J=1,3),(PG(J),DB{(JI+3),J=1,3)
P 97 110 CONTINUE
g8 1130 FORMAT(1ZER.2)
99 CLOSE(3)
100 RETURN
101 END
Name Type Offset P Class
REAL 24 /DD /
REAL 174
REAL 0 /DD /
REAL 0 /FF /
INTEGER¥4 206
INTEGER*4 218
INTEGERX4 230
INTEGERX4 222
INTEGERX4 214
INTEGERX4 198
INTEGERX4 224
INTEGERX4 a8 x
INTEGER X4 4720 /ED /
INTEGER*4 0 /ED /
INTEGER*4 2880 /ED /
INTEGERX4 O %
INTEGER%4 4 x
INTEGERX4 12 x
INTEGERX*4 14 %
INTEGER*4 20 x
REAL O /RS /
REAL 4320 /ED /
SUM REAL 234
T REAL O /TR /
XK REAL O /87 /
102 SUBROUTINE JFORCE(NSU,NE NJ,LC NS)
10X C
104 COMMON /ED/MC(360,2) MS(360),8(50,2) ,M(3&0,6)
- 105 COMMON /RS/FP(600,3) /DD/DT(6),D(6)
104 COMMON /JD/C(200,2) ,NSJ(&0) /TR/T(b,6)
i07 C

108 C
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109 C COMFUTATION OF JOINT FORCES
110 C
111 JI=2+NS+NE+NJ+NSL
112 DO JI00 J=1,NSU
1 113 DO 300 I=1,NE
2 114 IF(IABS(MC(I,1))~-NSJ(J))3F10,320,310
2 115 320 CALL TRANS(1I1)
2 116 DO 322 N=1,LC
3 117 READ (2 ,REC=(N-=1)¥NE+I+JJ ,ERR=1000) (D(L) ,L=1,6&)
3 118 DO %24 L=1,3
4 119 SUM=0.,0
4 120 PO 326 K=1,3
5 121 I26 SUM=SUM+T(K,L)*¥D(K)
4 122 324 POIN=-1)¥NSU+I ,L)=P{ {N-1)XNSU+J,L)+5UM
> 123 322 CONTINUE
2 124 310 IF(IABS(MC(1,.2))-NSJ(J))I00,340,300
2 123 J40 CALL TRANS(I)
2 126 DO 342 N=1,LC
3 127 READ(2,REC=(N—-1)¥NE+I+JJ ,ERR=1000)(D(L) ,L=1,6)
3 128 DO 344 L=1,3
<4 129 SUM=0.0
Bl 130 DO 346 K=1,3
s 131 346 SUM=SUM+T(K.L)XD(K+3)
4 132 344 P((N—-1)XNSU+J L )=FP((N-1)XNSU+J,L)+5UM
3 133 342 CONTINUE
2 134 300 CONTINUE
135 RETURN
. 136 1000 WRITE(¥, (A,15)")" ERROR IN READING FILE X ",I
> 137 1230 FORMAT(12E14.7)
138 RETURN
139 END
Name Type Offset F Class
e REAL ¢ /JD /
D REAL 24 /DD /
DT REAL O /DD /
1 INTEGER®4 266
I1ABS INTRINSIC
J INTEGERX4 298
JJ INTEGER%4 294
K INTEGERXA4 294
L INTEGER%4 282
LC INTEGERX%4 12
M INTEGERX¥4 4720 FED /
MC INTEGER*4 (0] /ED /
MS INTEGERX4 2880 /ED /
N INTEGERY4 2749
NE INTEGER %4 4
NJ INTEGERX4 8
NS INTEGER¥ 4 146
NSJ INTEGERX4 1600 /JdD /
*hsU INTEGER X4 O
F REAL O /RS /
8 REAL 4320 /ED /
SUM REAL 290



COMMON /ED/MC(360,2) ,M5{360),5(50,2)  M(3460,4)

WRITE(*, (SX,A,I5,A,F15.4)") Length of Element

213
D Line# 1 7
T REAL /TR /
140 SUBROUTINE TRANS(I)
141 C
142 € FORM TRANSFORMATION MATRIX
143 C
144 COMMON /JdD/C(200,2) N5J(60)
145
146 COMMON /TR/T(A4,4)
147 J1=IABS(MC(1,1))
148 J2=1IABRS(MC(1,2))
149 X=C(J2,1)}-C(J1,1)
150 Y=C(J2,2)-C(J1,2)
151 XL=SQRT(XXX+YXY)
152 IF(XL)10,10,20
153 20 Cl=X/XL
154 C2=Y/ XL
13% DO 30 K=1,6
5 156 DO 30 L=1,6
2 157 30 T(K,L)=0,0
158 T(1,1)=C1
159 T(2,2)=C1
160 T(4,4)=C1
161 T(5,5)=C1
162 T(1,2)=C2
163 T(4,5%)=C2
164 T(2,1)=-C2
165 T(5,4)=-C2
166 TL{XE , X)i=] O
167 T(6,6)=1.0
168 RETURN
149 10
170 RETURN
171 END
Name Type Offset P Class
e REAL O /dD /
i | REAL 332
C2 - REAL 336
1 INTEGER%*4 O %
1ABS INTRINSIC
J1 INTEGERX*4 312
J2 INTEGERX4 3216
K INTEGERX4 340
L INTEGER*4 344
M INTEGERX4 /4720 /ED /
MC INTEGERX 4 0 /ED /
MS INTEGER*¥4 2880 /ED /
NSJ INTEGERX4 14600 /dD /
= REAL 4320 /ED /
“¥5eRT INTRINSIC
T REAL 0 /TR /
X REAL 320
XL REAL 328

FPa
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324

SUBROUTINE STIF(I)

COMMON /ON/E,G

COMMON /ED/MC(360,2) ,MS(360),5(50,2),M(360,6)
COMMON /ST/XK(6,6)

COMMON /JdD/C(200,2) ,NSJ(&0)

C FORM ELEMENT MODEL

Cc

10

20
30

40
50
&0
70

80

K=1ABS(MC(1,1))
J=TABS(MC(I,2))
XL=SART((C{J,1)}~-C(K 1) )X22+{C({J,2)-C{K,2))%X%x2)
DO 10 K=1,6

DO 10 L=1,6

XK (K,L)=0.0
L=MS{1)

A=S(L,1)

XI=5(L,2)
IF(XL)20,20,30
WRITE(¥ ,300)I,XL
AL=EXXI/XLXX3
IF(AY40,40 ,50
WRITE(¥x,310)I,A
IF(XI)b60,60,70
WRITE(X ,320)I,XI
B=AXXLXXL/XI
XK(1,1)=ALXB
XK(4,4)=ALXE
XKA(1,4)=—ALXE

XK (4,1)=-ALXH
IF(MC(I,1).LT.O .OR. MC(I,2).LT.0)BOTO 80
XK(2,2)=12%AL

A (S5,5)=12%AL
XE(5,2)=-12%AL
XK(2,3)=-12%AL
XEK{2,3)=6%XL¥AL
XE(3,2)=XK(2,3)
XK(2,6)=XK(2,3)
XE(b6,2)=XK(2,3)
XK(3,9)==XK(2,3)
XE(S5,3)=XK(3,5)
XEK(S,6)=XK(3,3)
XK(6,0)=XK(3,5)
AE(3,3)=4¥XLxXLXAL
XK(6,6)=XK(3,3)
XK(Z,6)=XK(3,3)/2.0
XK (&6, I3)=XK(Z,6)
GOTO 20
XK(2,2)=3xAL
AK(5,5)=3%AL
XK(2,5)=—3%AL
XK(5,2)=XK(2,5)
IF(MC(I,1))110,100,120
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MS

NSJ
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Xk

XL

Name

DD

ED

EFORCE

FF

FRAMETX

)

JFORCE

ON

RS
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100 WRITE(X,330)1
110 XK(2,6)=3XALXXL
XE(&6,2)=XK(2,6)
XK{S,6)=-XK(2,6)
XK(&6,9)=XK(5,6)
XE(b,6)=XK(2,56)%XL
120 IF(MC(1,2))140,130,90
130 WRITE(%*,330)I
140 XK(2,3)=3%ALXxXL
XK(3,2)y=XK(2,3)
XK(3,9)=—XK(2,3)
XE(8,3)=XK(3,5)
XK(3,3)=XK(2,3)xXL
0 RETURN
300 FORMAT(SX 'Length OF Element 15" ='F15.4)
310 FORMAT{SX Area of Element’ 15" ="E10.4)
320 FORMAT(SX "'Inertia of Element’ 15’ ='E10.4)
330 FORMAT(SX 'Element’ IS5 Connects to ZERO Joint’)
END
Type Offset P Class
REAL I&64
REAL 372
REAL 376
REAL (9] /dD /
REAL (8] /DN /
REAL 4 /0N /
INTEGERX4 O x
INTRINSIC
INTEGER*4 352
INTEGER¥4 348
INTEGERX4 360
INTEGERX¥4 4720 fED /
INTEGERX4 0 /ED /
INTEGERX4 2880 /ED /
INTEGER*4 1600 /dD /
REAL 4320 /fED /
INTRINSI
REAL 368
REAL 0 /ST /
REAL 356
Type Size Class
48 COMMON
133460 COMMON
SUBRDUTINE
24 COMMON
PROGRAM
1840 COMMON
SUBROUT INE
8 COMMON
7200 COMMON
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ST

STIF

TR

TRANS

T  FPass One

144

144

216

COMMON
SUBROUT INE
COMMON
SUBROUT INE

No Errors Detected

247 Source Lines
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FROGRAM FRAME4
CHARACTER DR1X¥2,S5NX2,FNX10,FFXx1 ,DR2%2,C2,ENX2 ,EFX2,DNXx2,DF %2

COMMON /ED/MC({(360,2) /RS/NSJ(&0) /ID/IR(200,3) /FF/F(10,10)
COMMON /PFP/EN,EF ,DN,DF
RECL=6)
OFEN(1,FILE="A:BRIL.DAT  ,ACCESS="DIRECT’ ,FORM='FORMATTED  , A
READ(1,10,REC=1)DR2,8N,DR1
CLOSE(1,STATUS="DELETE")
FN(1:2)=DR2
FN(3:2+6)="DANA.G"
FN(9:10)=8N
OFEN(1,FILE=FN,ACCESS='DIRECT  ,FORM='UNFORMATTED ,RECL=102)
FN(3:2+6)="JFOR.G"
OPEN(4,FILE=FN,ACCESS="DIRECT ' ,RECL=420)
FN(1:2)=DR1
FN(3:246)="INFO.G’
OPEN(3I,FILE=FN)
FN(3:2+6)="RESU.G’
OFEN(2,FILE=FN,STATUS="NEW' )

READ (1 ,REC=1)NE ,NJ,LC,ND,NE,NLC,NSU
READ(1,REC=2)NS

FF=CHAR(12)

DO 20 I=1,NJ

READ(3,1100) (JR(I,J),J=1,3)
JJ=2+NS

DO 30 I=1,NE

READ (1 ,REC=I+JJ) (MC(I,J),J=1,2)
JJ=JJ+NE +NJ

DO S0 I=1,NSU

READ (1 ,REC=1+JJ)NSJ(I)
JJ=JJ+NSU+NE ¥LC+NDXLC

DO 40 I=1,NLC

READ(1,REC=1+JJ) (F(1,J),J=1,LC)

C2=CHAR(27)
EN(1:1)=C2
EF(1:1)=C2
DN(1:1)=C2
DF(1:1)=C2
EN(2:2)="E’
EF{2:12)="F’
DN(2:2)}="0G"
DF(2:2)="H"’

CALL GDIS(NE,NJ,NSU,ND,LC,NLC,NS,FF)
CALL LDIS(NE,NJ,LC,NLC,NS,NSU,FF)
CALL EFORCE (NE,NJ,LC,NLC,NSU,NS,FF)
CALL REACT (NE,NJ,LC,NLC,NSU,NS,FF)
CALL CACTION(NE,NJ,LC,NLC,NSU,NS,FF)

CLOSE(1)
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SUBROUTINE GDIS(NE NI NSUND,LC,NLC,NS,FF)

/DD/D(12) ,DT(12) /FF/F(10,10)

D Line# 1 7
57 CLOSE(2)
58 CLOSE (3,STATUS="'DELETE")
59 CLOSE (4,5TATUS="DELETE" )
60 10 FORMAT(3A)
&1 1100 FORMAT(915)
62 11730 FORMAT(10E14.7)
T 63 END
Name Type Offset P Class
c2 CHARKX 1 94
CHAR INTRINSIC
DF CHAR% 2 & /PF /
DN CHARX2 4 /PP /
DR1 CHARX2 16
DR2 CHAR%2 12
EF CHARX2 2 /FFP /
EN CHARX2 O /PP /
F REAL 9] /FF /
FF CHARX1 HO
FN CHARX10 18
1 INTEGERX 4 b2
J INTEGERX4 70
JJ INTEGERX4 78
JR INTEGERX4 s} /JD /
Le INTEGER* 4 36
MC INTEGERX4 s} /ED /
NB INTEGERX4 44
< ND INTEGER*4 40
NE INTEGERX4 28
NJ INTEGER*4 32
NLC INTEGERX4 48
NS INTEBER%4 56
NSJ INTEGER*4 0 /RS /
NSU INTEGER*4 52
SN CHAR®?2 14
&4
65 C
66 C PRINT GLOBAL DISPLACEMENTS
&7 C
68 CHARACTER FF,ENX2,EF$2,DN%2,DF %2
69 COMMON /JD/JR(200,3)
70 COMMON /PP/EN,EF ,DN,DF
74 WRITE(2,100Q)FF ,EN,DN,EF,DF
72 CALL SFAC
73 LP=4
74 JI=2Z4+NSH+NE+NI+NSUANEXLC
75 10 READ(3,1010)J,N,IS
76 IF(J)100,100,110
..’ 77 110 DO 111 K=1,3
78 IF(MOD(LP+K,56) 111,112,111
1 79 112 WRITE(2,' (A) " )FF
1 80 LP=LP+K
1 81 GOTO 113
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DF
DN
DT
EF
EN
F

FF

11
IS
J
JJ

Py 111 CONTINUE
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83 113 WRITE(2,1030)EN,DN,EF,DF
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84 LP=LF+3

85 Do 20 L=J,N,IS

86 ) DO 20 1=1,NLC

a7 DO %0 K=1,3

88 30 D(K)I=0.0

89 DD 40 Kk=1,LC

90 | IF(F(1,kK))50,40,80

91 %0 DO &0 K=1,3 ‘
z IF(IR(L.K))60,60,70

93 70 11=JR{L,,¥) .

94 |  READ(1,REC=(KK-1)XND+II+JJ1}00Q

25 D(K)=D(K)+QAXF ({1 ,KK)X1000.0

6 &0 CONTINUE

97 40 CONTINUE

98 IF{I-1)80,%0,80

9% F0 WRITE(2,1040)1,1,(D(K) ,K=1,3)

100 LP=LP+1

101 l IF(MDD{LF,5&) .EG.0)WRITE(2,  (A) ' )FF

102 GOTD 20 ,

103 80 WRITE(Z,1050)I,(D(K)K=1,3) |

104 . LP=LP+1 |

105 | IF(MOD(LF,56}.EQ.Q)WRITE(Z2, (A} )FF -

104 20 CONTINUE

107 - CALL SPAC

108 | LP=LP+2

109 IF{MOD{LF,%4&) .EQR.OVWRITE (2, (A) " ' )FF

110 GBOTO 10

111 100 CALL SPAC

112 RETURN

113 1000 FORMAT{3A,//3X GLOBAL DISFLACEMENTS' 2A)

114 1010 FORMAT(3I

113 1020 FORMAT(SEL4,7)

8)

116 1030 FORMAT(ZALIX JOINT 12X LOAD 3X'X — MOVEMENT 3X'Y — MDOVEMENT '
117 12 - ROTATION’ /53X 'NO.  SX 'COMBINATION' 4X° (mm) ‘77X (mm)’

1li8 28X7'1.0E-3 rad. /Z2A)

119 1040 FORMAT(IX,I5,11X,I5,3(3XF12.4))

120 1050 FORMAT(19X,I5,3{3X,F12.4))

121 END
Type Offset F Class
REAL 0 /DD
CHARXZ & /PP
CHARXZ 4 /FP
REAL. 48 /DD
CHAR%2 2 /ER
CHAR Y2 Q /PP
REAL o] /FF
CHARX 1 28
INTEGER %4 182
INTEGER X4 1468
INTEGER®4 132
INTEGER®S 124
INTEGER%¥ 4 120

T e R Y
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JR INTEGERX 4 0 /JD ¢
K INTEGER®4 1346
KKK INTEGERX4 160
L INTEGERX4 130
LC INTEGER¥4 16 %
LP INTEGERX4 1164
- MOD INTRINSIC
N INTEGERX4 128
ND INTEGERX4 12 %
NE INTEGERX4 O % _
NJ INTEGER*4 4 % |
NLC INTEGERX4 20 %
NS INTEGER*4 24 %
NSU INTEGERX4 8 x
Qe REAL 172
122 SUBROUTINE LDIS(NE,NJ,LC,NLC,NS,NSU,FF)
123 C
124 C PRINT ELEMENT END DISPLACEMENTS
125 C
126 CHARACTER FF,ENX2,EF%2,DNX2,DF¥2
127 COMMON /ED/MC(360,2) /DD/D(12),DT(12) (/FF/F(10,10)
128 COMMON /PF/EN,EF ,DN,DF
129 DIMENSION DU(&)
130 WRITE(Z,1000)FF ,EN,DN,EF ,DF
131 CALL SFAC
132 LP=4
133 JI=2+NS+NE+NJ+NSU
134 120 READ(3,1010)J,N,18
135 IF(J)130,130,140
136 140 DO 111 K=1,3
1 137 IF(MOD(LP+K,56))111,112,111
1 138 112 WRITE(Z, (A) )FF
1 139 LP=LP+K
1 140 GOTO 113
1 141 111 CONTINUE
142 11% WRITE(2,1030)EN,DN,EF ,DF
143 LP=LP+3
144 DO 150 L=J,N,IS
1 145 DO 150 I=1,NLC
2 146 DO 160 K=1,6
3 147 160 D(K)=0,0
2 148 DO 170 KK=1,LC
3 149 IF(F(I,KK))180,170,180
3 150 180 READ(1 ,REC={KK—1)¥NE+L+JJ) (DU(K) ,K=1,6) . (DT{K),K=1,56)
3 151 DO 190 K=1,6
4 1582 190 D(E)=D(K)+DT(K)XF (I, ,KK)¥1000.0
3 153 170 CONTINUE
2 154 IF(I-1)200,210,200
2 199 210 WRITE(2,1040)L,1,MC(L,1),(D(K),K=1,3)
é} 1586 LP=LP+1
157 IF(MOD(LF,5&) .EQ.QO)WRITE(Z,  (A) ' )FF
2 158 GOTO 220
2 159 200 WRITE(2,1050)I,MC(L,1),(D(K),K=1,3)
2 160 LP=LP+1

K_r.\ L=
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2 161 IF(MOD(LP,56).EQ.O)WRITE(2, " (A) " )FF
2 162 220 WRITE(2,1060)MC(L,2),(D(K) K=4,6)
2 163 LP=LP+1
2 164 IF(MOD(LF,546) .EQ.QO)WRITE(2,  (A) " )FF
2 165 150 CONTINUE
166 CALL SFAC
147 LP=LP+2
168 IF(MOD(LP,S8) .EQ.O)WRITE(2,  (A) " )}FF
169 GOTO 120
170 130 CALL SFAC
171 RETURN
172 1000 FORMAT(3A,//5X ELEMENT — END DISFLACEMENTS 2A)
173 1010 FORMAT(315)
174 1020 FORMAT(B4X,6E14.7)
175 1030 FORMAT(2A.3X ELEMENT "4X°'LOAD ZX "JOINT 3X'X — MOVEMENT 3X
176 1Y - MOVEMENT 3X'Z — ROTATION'/4X ' NUMBER'I3IX'COMB. ' ,5X
177 "NO. 4x’ (mm) ZX " (mm) "8BX'1.0E-3 rad’ /Z2A)
178 1040 FORMAT(SX,I8,3X,I8,3%X,I5,3(3IX,F12.4))
179 1050 FORMAT(13X,I15,3X,I15,3(3X,F12.4))
180 1060 FORMAT(21X,15,3(3X,F12.4))
181 END
Name Type Offset P Class
D REAL 0 /DD /
DF CHARX2 & /PP /
DN CHARX2 E /PP /
DT REAL 48 /DD /
bu REAL 422
EF CHARX2 2 /PP /
EN CHARXZ Q /FFP /
F REAL 0 /FF /
FF CHARX 1 24 x
I INTEGERX4 482
IS INTEGER*4 462
J INTEGERX4 454
JJd INTEGERX4 450
K INTEGER*4 4464
KK INTEGER*4 490
L INTEGERX4 470
LC INTEGER*4 B8 %
LP INTEGER®4 446
MC INTEGER® 4 4] /ED /
MOD INTRINSIC
N INTEGER X4 458
NE INTEGERX*4 O X%
NJ INTEGER%4 4 %
NLC INTEGERX4 12 %
NS INTEGERX4 146 %
NSU INTEGERX4 20 %
-
182 SUBROUTINE EFORCE (NE,NJ,LC,NLC,NSU,NS,FF)
183 C
184 C PRINT ELEMENT END FORCES
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CHARACTER FF,EN%2,EFX2,DNX2,DF %2

COMMON /ED/MC(360,2) /DD/D(12),DT(12) /FF/F(10,10)

COMMON /PF/EN,EF,DN,DF
WRITE(2,1000)FF ,EN,DN,EF ,DF

CALL SFAC

LF=4

JI=2+NS+NE+NJI+NSU
READ(Z,1010)J3,N,18

IF(JY130,130,140

DO 111 K=1,3
IF(MOD(LP+K,5&6))111 , 112,112
WRITE(2,(A) " )FF

LP=LF+K

GOTOD 113

CONTINUE

WRITE(2,1030)EN,DN,EF ,DF

LP=LFP+3

DO 150 L=J,N,IS

DO 150 I=1,NLC

DO 160 K=1,6

D(K)=0,0

DO 170 KkK=1,LC
IF(F(I,KK))180,170,180
READ(1,REC=(KK=1)XNE+L+JJ) (DT(K) ,K=1,4)
DO 190 K=1,6

DK =D()+DT(K)XF (I ,KK)

CONT INUE

IF(1-1)200,210,200

WRITE(2,1040)L,I ,MC(L,1),(D(K), ,K=1,3)
LP=LF+1
IF(MOD(LF,56).EQ.0)WRITE(2, " (A) " )FF
GOTD 220

WRITE(2,1050)1 ,MC{L,1),(D(K),K=1,3)
LFP=LP+1

IF(MOD(LF,S56) .EQ.O)URITE(2, " (A) " )FF
WRITE(Z,1060)MC(L,2),(D(K),K=4,48)
LFP=LFP+1
IF(MOD(LF,56).EQ.Q)WRITE(2, "(A) " )FF
CONTINUE

CALL SPAC

LP=LPFP+2

IF(MODILP,S56) .EQ.OYWRITE(Z,  (A)")FF
GOTO 120

CALL SPAC

RETURN

FORMAT(3A, //5X ELEMENT — END FORCES' 2A)
FORMAT(3I5)

FORMAT(&EL14.7)

FORMAT (2A,3X "ELEMENT "4X " LOAD " 3X " JOINT"4X’
15X MOMENT ~ Z°/4X NUMBER 33X COMB. 353X 'ND.’  &X° ENT 12X KN 110
2'KN = m’" /2A)

FORMAT(SX,I5,3X,15,3X,15,3(3X,F12.4))
FORMAT (13X,15,3X,15,3(3X,F12.4))
FORMAT(21X,I5,3(3X,F12.4))

END . o

AXIAL - X'&X' SHEAF
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Class

/DD
/PP
/PP
/DD
s
/PP
/FF

T T N NS NN

/ED /
INTRINSIC

Microsoft FORTRAN77 V3

REACT (NE ,NJ,LC,NLC,NSU,NS,FF)

CHARACTER FF,EN#*2 ,EF%2,DN*2,DF %2

/DD/DC12) ., DTC12) /FF/F(10,10)

COMMON /RS/NSJ(&0) /PP/EN,EF ,DN,DF

WRITE(2,1000)FF,EN,DN,EF ,DF

IF(MOD(LF+K,S&))111,112,111

WRITE(2,1030)EN,DN,EF ,DF

IF(L-NSJ(K))»70,140,70

D Line# 1 7
Name Type Dffset
D REAL 0
DF CHAR*Z &
DN CHAR*E &
DT REAL 48
EF CHAR*2 2
EN CHAR*2 O
F REAL 0
FF CHAR*1 - 24
1 INTEGER *4 854
18 INTEGER+*4 B34
J INTEGER*G 826
J3J [NTEGER*4 gee
s INTEGER #4 838
KK INTEGER*4 g8&z
L INTEGER*& abe
LC INTEGER=*4 3
LP INTEGER %4 818
MC INTEGER %4 O
MOD
N INTEGER*4 830
NE INTEGER#*4 Q
NJ INTEGER*4 &
NLC INTEGER*4 12
NS INTEGER*4 20
NSU INTEGER*4 16
241 SUBRDUT INE
242 C
243 C FRINT SUPFORT REACTIONS
244 C
245
246 COMMON /JD/JR(200,3)
267
248 DIMENSIAON DF(30)
249
250 CALL SFPAC
251 LF=¢4
25e 10 READ(3,1010)J,N, 15
253 IF(IY100,100,110
254 110 DO 111 K=1,3
1 255
1. 2Sé 112 WRITE(2,'(A)')FF
1 257 LP=LF+K
1 258 GOTO 113
1 259 111 CONTINUE
260 113
261 LFP=LFP+3
262 DO 150 L=J,N,IS
1. 263 DO 70 K=1,NSU
2 2b4
&8 265 140 1I=K
a2 266 50TO 130
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D Line# 1 7 Micraosoft FORTRAN77 VY3.30 March
2 267 70 CONTINUE
1 268 GOTD 150
1 269 130 READ(4,REC=II1)(DF(K) ,kK=1,3%LC)
1 270 DO 20 I=1,NLC
2 271 PO 320 K=1,3
3 272 30 D(K)=0.0
f z 273 DO 40 KK=1,LC
3 274 IF(F(I,KK))S50,40,50
3 275 S0 DO 60 K=1,3
4 276 60 D(K)=D(E)+DP( (KK-1)¥3+K)XF (I ,KK)
3 277 40 CONT INUE
2 278 IF(I-1)80,%0,80
2 279 90 WRITE(2,1040)L,I,(D(K),K=1,3)
2 280 LP=_LFP+1
2 281 1IF{MOD{LP,58) .EQ.OYWRITE(2, " (A) " )FF
2 282 GOTO 20
2 283 80 WRITE(2,1050)I,(D(K)  ,kK=1,3)
2 284 LP=LF+1
2 285 IF (MOD(LF,5&) .ER.OYWRITE(2, (AR) ")FF
2 2846 20 CONTINUE
1 287 150 CONTINUE
288 CALL SFAC
289 LP=LFP+2
290 IF(MOD(LF,S546).EQ.Q)WRITE(2, (A) " )FF
291 GOTO 10
292 100 CALL SFPAC
293 RETURN
ad 294 1000 FORMAT(ZA,/ /75X 'SUFPORT REACTIONS 2A)
295 1010 FORMAT(XI1S)
296 1020 FORMAT(SX,10E14.7)
297 1030 FORMAT(2A,3X JOINT 12X°'LOAD ' SX° FORCE - X '&X 'FORCE - Y’ 5X
298 1" MOMENT = Z°/SX"NO. SX'COMBINATION' &X' EN 12X EN" 11X
299 2°EN — m’ /2A)
300 1040 FORMAT(3X,I5,11X,I5,3(3X,F12.4))
301 1050 FORMAT(19X,15,3(3X,F12.4))
302 END
Name Type Offset P Class
D REAL 0] /DD /
DF CHARX2Z & /FF /
DN CHARX2 4 /PP /
DF REAL 1142
DT REAL 48 /DD /
EF CHARX2 2 /PP /
EN CHARX2 (8] /PP /
F REAL o] /FF /
FF CHARX1 29 x
I INTEGERX4 1306
I1 INTEBERX4 1298
ua INTEGERX4 1274
INTEGERX4 1266
JR INTEGERXA4 Q /JD /
K INTEGERX*4 1278
KK INTEGERX4 1314
L INTEGERX4 1282
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I s INTEGER%4 g x T
LF INTEGER*4 1262
MOoD INTRINSIC
N INTEGER X4 1270
NE INTEGERX4 0O X
NJ INTEGERX 4 4 %
NLC INTEGERX4 12 %
NS INTEGERY®4 20 %
NSJ INTEGER%4 (6] /RS /
NSU INTEGERX4 16 x
302X SUBROUTINE CACTION(NE,NJ,LC,NLC,NSU,NS,FF)
J04 C
305 C COMFPARE ELEMENT ACTIONS & FPRINT
306 C
307 CHARACTER FF,ENX2,EFX2,DN¥2,DF 2
308 COMMON /BEB/IB(2,6),LL(3460),A(360,6),B(2,56)
309 COMMON /DD/D(12),DT(12) /FF/F(10,10) /FP/EN,EF ,DN,DF
310 C
311 WRITE(2,1700)FF ,EN,DN,EF ,DF
312 CaLL SPAC
213 LP=4
314 I 1=2+NS+NE+NJ+NSU
3is 100 READ(3,1100)J,N,18
316 IF(J)20,20,10
317 10 DO 111 K=1,3
1 318 IF(MOD(LP+K,56))111,112,111
i 319 112 WRITE(2,  (A) " )FF
i I20 LP=LP+K
i 321 GOTO 113
1 322 111 CONTINUE
323 113 WRITE(Z,1000)EN,DN,J ,N,IS,EF,DF
324 CALL SFAC
325 LP=LF+3
326 DO 211 K=1,3
1 327 IF(MOD(LP+K,556))211,212,211
1 328 212 WRITE(2,  (A) )FF
1 329 LP=LP+K
i 330 G070 213
1 331 211 CONTINUE
332 213 WRITE(2,1200)EN,DN,EF ,DF
333 LP=LP+3
334 DO 30 I=1,NLC
1 335 JJ=0
1 336 DO 40 L=J,N,IS
2 337 DO 50 K=1,6
3 338 50 D(K)=0.0
2 339 DO &0 KKE=1,LC
3 J40 IF(F(ILKK))70,60,70
341 70 READ(1,REC=(KK=1)¥NE+L+11)(DT(K),K=1,6)
342 DO 80 K=1,6
3473 80 D(K)=D(K)+DT(K)¥F(1,KK)
3 344 &0 CONT INUE
2 345 JI=JJ+1
2 X244 LL¢JJ Y=L
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2 347 DO 90 K=1,6
3 348 20 A(JIK)=D(K)
2 349 40 CONTINUE
1 350 CALL MACTIDON(JJ)
1 351 WRITE(2,1400)1,(B(1,K),IB(1 .K),K=1,3)
1 352 LP=LP+1
1 353 IF(MOD(LF,56).EQ.0)WRITE(2, ' (A) " )FF
1 354 WRITE(2,1500)(B(2,K),IB{(2,K),K=1,3)
i 55 LP=LF+1
1 356 IF(MOD(LF,56).EQ.O)WRITE(2, "(A) " )FF
1 387 WRITE(2,1600)(B(1,K),IB(1,K),K=4,6)
i 358 LP=LF+1
1 359 IF(MOD(LP,S6).EQ.Q)WRITE(2, " (A) " )FF
i 360 WRITE(2,1500)(B(2,K),IB(2,K) ,K=4,6)
1 361 LiP=l P+]1
1 362 IF(MOD(LP,54) .EQ.Q)YWRITE(Z, "(A) " )FF
1 363 30 CONTINUE
64 CALL SFAC
365 LP=LP+2
366 IF(MOD(LP,54) .EQ.Q)WRITE(2, " (A) " )FF
367 GOTO 100
368 20 CALL SFAC
369 RETURN
370 1000 FORMAT(2A,3X'COMPARISON OF FORCES ALONG ELEMENTE "I14° THRU
371 1° AT STEP '14,24)
372 1100 FORMAT(31S)
373 1200 FORMAT(2A,4X LOAD 33X ELEM ' 8X 'Max/Min 3X'0On " 2(7X"Max/Min"3X'0
374 1'COMB " 4X"END 4X° AXIAL - X'2X’EL."3X'SHEAR — Y '2X'EL." ' 4X
375 2'MOMENT = Z°2X°'EL.  /72A)
3764 1300 FORMAT(&LEL14.7)
377 1400 FORMAT (3X,I5,2X " A-End "3X,3(F12.2,1X,14,2X))
378 1300 FORMAT (18X ,3(F12.2,1X,14,2X))
379 1600 FORMAT (10X "B-End ' 3X,3(F12.2,1X,14,2X))
IB0 A700 FORMAT(3A,//3X COMPARISON OF ELEMENT-END FORCES  2A)
381 END
Name Type Offset F Class
A REAL 1488 /BB /
B REAL 10128 /BB /
D REAL 0 /DD /
DF CHAR X2 & /FF /
DN CHARXZ2 4 /PP /
DT REAL 48 /DD /
EF CHARXZ2Z 2 /FF /
EN CHARX2 0 /FFP /
F REAL O /FF /
rFF CHARX®1 24 x
I INTEGER X4 1584
IB INTEGER*4 0 /BE i
I INTEGER*4 1564
INTEGERX4 1576
J INTEGER¥4 1568
JJ INTEGERX4 1592
K INTEGERX4 1580
KK INTEGER*4 1608
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MAX/MIN OF FORCES & THEIR FOSITIONS

COMMON /EE/IB(2,6),LL(360),A(360,6),B(2,6)

D Line# 1 7
L INTEGER%*4 1596
I ] INTEGER%4 8 %
LL INTEGER ¥4 48 /ER /
LP INTEGERX4 1560
MOD INTRINSIC
N INTEGERX*4 1572
NE INTEGERX4 O %
NJ INTEGERX*4 4 X%
NLC INTEGER%4 2 %
NS INTEGER*4 20 %
NSU INTEGERX4 16 %
182 SUBROUTINE MACTION(N)
383 C
384 C FINDS THE
385 C
3Bé
387 DIMENSION IF(2,6)
IB8 C
389 DD 10 J=1,6
1 390 XMAX=A(1,J)
1 391 IMAX=1
i IF2 AMIN=A(1,J)
1 393 IMIN=1
1 394 DO 20 I=1,N
s 395 IF(XMIN-A(LI,J))40,40,30
'2 396 30 XMIN=A(I,J)
2 397 IMIN=1
z 98 40 IF(XMAX-A(1,J))50,20,20
2 399 S50 XMAX=A(I . J)
2 400 IMAX=1
- 401 20 CONTINUE
1 402 B(1,J)=XMAX
1 4073 B(2,J)=XMIN
i 404 IP(1,J)=IMAX
1 405 IP(2,J)=IMIN
1 406 10 CONTINUE
8407 Po 60 1=%1,2
1 408 DO &0 J=1,6
2 409 IMAX=IF(I,J)
2 410 650 IB(I,d)=LL(IMAX)
411 RETURN
412 END
Name Type Offset P Class
A REAL 1488 /BB /
B REAL. 10128 /BB /
I INTEGERX4 2070
B INTEGERX4 (8] /BB /
'IAX INTEGERX4 2058
IMIN INTEGERX*4 2066
IP INTEGER*4 2002
J INTEGERX4 2080
LL INTEGERX4 48 /BB /
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WRITE(2,10)EN,DN,( =" ,I=1,70),EF ,DF

Class

/PF
/PF
/PP
/PP

N NN

Class

COMMON
SUBROUT INE
COMMON
COMMON
SUBROUT INE
COMMON
FROGRAM
SUBROUT INE
COMMON
SUEBROUT INE
SUBROUT INE
COMMON
SUBROUT INE
COMMON
SUBROUT INE

Line# 1 7
! INTEGERX4 0O x
XMAX REAL 2054
‘XMIN REAL 2062
413 SUBROUTINE SPAC
414 CHARACTERX2Z EN,EF ,DN,DF
415 COMMON /PF/EN,EF ,DN,DF
416
417 10 FORMAT(2A,3X,70A1,/24)
418 RETURN
419 END
lame Type Offset F
WF CHARX2 &
IN CHARX2 4
EF CHARX2 2
N CHARX2 8]
INTEGERX4 2078
lame Type Size
101764
CACTIOD
b
2880
EFORCE
FF 400
FRAME4
GDIS
JD 2400
A DIS
ACTID
PF B8
REACT
RS 240
SPAC

No Errors Detected

419 Source Lines

KA
Aili \
AR,



