
. - ' 

# .. . " ~. ,T ",' 'a 
~ " 

, , 
. " 

, -I 

......... ~ . 
" '\ • • ;.' ' • ! • '. . ... .'rO. R,··· " ---1 ,I 

,.,." . . REFERE'NCE- . 

: I • 

. ' 

. ~ '.' ... , . ; , . - .' ..' I ' -1 :. . , .' . . .' . .... . .' . '. .' " 
.. :." • : ' .; •. ' •. ,: .' ..,.. .' I ...• 

. .' , .. ,. ' ' .' i' ,JOT '0 if . '.. ...,'. . . '. ' , I'.' " . :'~"N FRO!' THIS. ".06. ' :' '1 .' I 

J " 'I . ., _, ' .' .. r. ..t· ~ 
• t.. .•..•• .,' 

.. 
: ': .•. ,:, . . .•. , 'I '".":-- • ___ h: I 'I 

, . , ," .' . . ' 
. 'FREE' AtiDfORCEllVlBAATION',AAALYSIS,' ' ",: . ' . ~ ".... . ... 

.' " ~ I' 

" . ~ .. 
. OF' .( t ) 

.{ '~',. '.. .... 

, . ' 
LINEARI ELASTIC . . . 

" 

1 

" -

\ . 
," 

~ , 

,. 
BUILDING. AND ARCH 1'lPE .. , 

. ; ,-

, pLANE, FRAMES 

, . ~ . 
• 1 

, /' 
" ' 

, ! .' ,I 

" 
. 1 

: 1 

.. " ' 1 

.. ~. $ 

Balamir yasa • 1 

" 1 , 
.' 

.• 1 

. " 
! •• ,.J 

.' " 
... : 1 

- '1 
.~ ." . ~ 

'" ~ '. ,'1 
, 

•• '- 1 
• f 

, ' . 

'. 'september I 1985. . . 
. , ". "( 

' .. ' . BogaZ~Q.~' Univ5?rsi~Y 
. ,.', ' '. ..,...:. . .. 

, , .~ "'I 
• ! 

. 
~ ... , ..... ....... 

" . 
",. ~ , t 2 

• ~. ... t" . ., 
.. ' 
'," ,~. 

. .' 
• 1 

t" 

.' . 
'.' " 



FREE AND FORCED VIBRATIONcANALYS"IS'i 
, 
\ 

OF 

LINEARJ ELASTIC", i' 1 

BUILDING AND' ARCH TYPE"'" 

PLANE FRAMES 

by 

Balamir Yasa 

B.S., in C.E., Bogazi<;;i University, 1982 

Submitted to the Institute for Graduate Studies' in 

Science and Engineering in Partial Fulfillment of 

the requirements for the degree of 

Master of Science 

in 

Civii EngineerIng 

Bogazici University Library 

111111111111111111111111111111111111111 ~ 
39001100314833 

Bogazi<;;i University 

1985 



TABLE OF CONTENTS 

ACKNOWLEDGEMENTS iv 

ABSTRACT v 

QZET ix 

LIST OF FIGURES xii 

LIST OF TABLES xiv 

LIST OF SYMBOLS xvii 

I. INTRODUCTION 1 

II. METHODS OF ANALYSIS 4 

II.A MATRIX DISPLACEMENT METHOD 5 

II.A.1 PRISMATIC PLANE FRAME ELEMENT 6 

II .A. 2 ASSEMBLY 14 

II.A.3 THE FRONTAL TECHNIQUE 18 

II.B UNDAHPED FREE VIBRATIONS 23 

II.C SINGLE DEGREE-OF-FREEDOM VIBRATING SYSTEMS 32 

II.D MODE SUPERPOSITION METHOD . 37 

II.E DIRECT STEP-BY-STEP INTEGRATION 41 
'. 

II.F RESPONSE SPECTRA ANALYSIS 44 

II.G EQUIVALENT STATIC LOADS 47 



III. DEVELOPED COMPUTER PROG~MS 

III.A STATIC ANALYSIS OF VERY LARGE FRAMED 

STRUCTURES: PFRAME5 and PFRAME6 

III.B FREQUENCY/MODE SHAPE COMPUTATIONS:EIG3 

III.C SPECTRAL ACCELERATION COMPUTATION:SPEC 

III.D RESPONSE HISTORY ANALYSIS BY MODE 

SUPERPOSITION: MODAL 

III.E RESPONSE HISTORY ANALYSIS BY DIRECT 

STEP-BY-STEP INTEGRATION:DSSI 

IV. APPLICATIONS 

IV.A CASES ANALYSED FOR THE VERIFICATION OF 

ii 

50 

50 

55 

56 

57 

58 

61 

THE COMPUTER PROGRAMS 61 

IV.B 

IV.A.1 THREE-BAY, 20-STOREY BUILDING FRAME 62 

IV.A.2 THREE-BAY, 100-STOREY BUILDING FRAME .65 

IV.A.3 ARCH TYPE PLANE FRAME 69 

OTHER CASE STUDIES 71 

IV.B.1 SPECTRAL ACCELERATIONS FOR. VARIOUS 

PERIODS OF VIBRATION 72 

IV.B.2 ONE-BAY, FIVE-STOREY BUILDING FRAME 74 
. ------

IV.B.3 HIGH-RISE TOWER 84 

Iy.B.4 SYMMETRIC ARCHES 94 

IV.B.5 RESPONSE SPECTRA ANALYSIS OF THE 

FIVE-STOREY PLANE FRAME 116 

IV.B.6 RESPONSE OF THE FIVE-STOREY BUILDING 

FRAME TO FICTITIOUS STATIC LOADS 118 



iii 

Page 

v. CONCLUSIONS 120 

APPENDIX A COMPUTER PROGRAM PFRAME5 123 

APPENDIX B COMPUTER PROGRAM SPEC 170 

APPENDIX C COMPUTER PROGRAM MODAL 177 

APPENDIX D COMPUTER PROGRAM DSSI 186 

BIBLIOGRAPHY 198 



ACKNOWLEDGEMENTS 

I would like to express my sincere gratitude to 

those who have assisted me during the development of this 

study, especially to my thesis supervisor DoC;;. Dr. H. Faruk 

Karadogan for his invaluable suggestions, guidence and 

encouragement. 

I am greatly indebted to the Staff of the Bogazic;;i 

University Civil Engineering Department for their generous 

help and constructive critisizms. 

I am also indebted to all Bogazic;;i University Computer 

Center personnel for making facilities available to me. 

I am also grateful to Miss Ay~e ozen for her patience, 

care and conscientiousness in typing the manuscript. 

Istanbul, September 1985. 

BALAMIR YASA 

iv 



v 

ABSTRACT 

In this study, behaviour of linear, elastic 

building and arch type plane frame struct~res subjected 

to lateral dynamic loads are investigated. For this pur-

pose, computer programs were developed for the static 

analysis of plane frame structures, frequency/mode shape 

computations, time history analysis by the mode super-

position and the direct step-by-step integration methods. 

A static analysis program is designed, which enables 

the solution of large scale structures with many degrees-

of-freedom by employing an out-of-core solution algorithm. 

For reasonable half-band width values, there is no limit 

to the number of equations to be solved, as long as the 

pheripheral memory may be assumed "infinitely large." 

Effective computer utilaziton in terms of time, 

-----memory and precision is considered in developing these 

computer programs. These three factors gain significance, 

especially, in the case of using low speed, small memory 

and low precision microcomputers in the analysis and 

design of large structural systems. 
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Using the computer programs that were developed 

during this study, two types of structures were examined 

high-rise buildings (multi-storey building frames and 

towers), and arches. 

The following aspects of the problem are studied. 

1. The accuracy of the results of the static 

analysis. For large number of unknowns, error accummulation 

due to rounding may be a serious problem. 

2. Effect of the slenderness and aspect ratios 

of arch type structures to the symmetry or antimetry of 

the modeshapes and to the value of the participation 

factors. 

3.' Ef::ectofthechoice of solution time step tlt, to 

the accuracy and stability of the integrations performed 

in direct step-by-step integration method. 

4. Effect of the number and type of the mode shape 

vectors belonging to each of the modes superposed, to the 

accuracy of the results. The detected maximum displacement 

values from the modal analysis were compared to those ob-
. ' ~ 

tained from the d~rect step-by-step integration of the 

coupled equations of motion. 
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Some of the findings from the case studie:{ are 
./ 

summarized below. 

vii 

1. The algorithm used in the static analysis 

program is very effective to analyse very high multi-storey 

structures. The accuracy of the results is significantly 

affected by the wordsize of the computer and the solution 

algorithm employed. 

2. The choice of the solution time step. llt·,.af£:ects 

both the accuracy of the results and the execution time. 

As llt decrease~ the solution times increase and the 

weighted percent errorsof the results decrease. However, 

very small llt values may cause error ,a.:::::cumulation due 

to rounding. 

3. For larger llt values, the numerical integ-

ration performed in step by step procedures may diverge 

Appropriate values for llt, which will give a converging 

result may not be chosen depending on a previously stated 

emphirical formula. 

4. Superposing only a few of the highest modes of 

vibration gives. satisfactory resu~ts. However, when 

the lower modes of vibration are superposed, the error 

in the result's may increase. This is due to the computa-

tion error made in the lower modes of vibration. 
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5. Free vibration characteristics of arches with 

symmetric stiffness and mass distribution depends on the 

slenderness and aspect ratios. Their participation factors 

for symmetric mode shapes are equal to zero. Therefore, in 

modal analysis, superposing only those modes with non-zero 

participation factors will further reduce the computat~on 

time. 
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o Z E T 

Bu cal1smada, bina ve kemertipi dlizlem cerceve 

sistemlerin,dinamik ylikler alt1ndaki davran1S1 incelenmis-

tiro Bu amacla; dlizlem cercevelerin statik analizi, ser-

best titresim hesaplar1, modlar1n sliperpozisyonu ve zaman 

art1m1 yontemleri ile zaman tarihcesi analizi konular1nda 

bilgisayar programlar1 gelistirilmistir. 

Cok serbestlik dereceli bliyUk yap1lar1n statik 

ylikler alt1nda cozlimlinli yapabilen bir bilgisayar program1 

tasarlanm1st1r. Bu programda; ana bellek ile birlikte 

cevre bellekten de faydalanan bir algoritma kullan1lm1S-

t1r. Cevre bellek kapasitesinde herhangi bir s1n1rlama 

yoksa, makul yar1 bant genislikleri iCin, cozlilebilecek 

bilinmeyen saY1s1nda herhangi bir s1n1rlama yoktur. 

Bu programlar1n gelistirilmesi s1ras1nda; cozlim 

sliresinin k1saI1~1, bellek s1n1rlamalar1 ve sonticlar1n 

do~rulu~u konular1 lizerinde durulmustur .. Bulic etkenin, 

bliyUk yap1lar1n cozlimlenmesinde ve tasar1m1nda, dliSlik 

h1z11,kliClik haf1zal1 ve hassasiyeti az olan ~ikrobilgi-

sayarlar kullan1ld1~1nda onem kazand1~1 bilinmektedir. 

Bu cal1sma s1ras1nda gelistirilen programlar1 kul-
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x 

1anarak~ok kat11 yapl1ar ve onlara gore davranl~l daha 

az bilinen kemer tipi yapllar incelenmi~tir. 

Yapllan ~ozumlemeler slraslnda a~agldaki kavram-

lar uzerinde durulmu~tur. 

1. Cok bilinmeyenli sistemlerin statik analizinde 

sonu~larln dogrulugu. 

2. Kerner tipi yapl1arda, narinlik ve baslkllk 

oran1arlnln mod ~ekillerinin simetrik veya antimetrik 01-

maSlna ve katllma oranlarlnln degerine etkisi. 

3. Zaman artlml yonteminde se~ilen zaman arallgl-

nln integrasyonun yaklnsakllglna ve dogruluguna etkisi. 

4. Modal analizde, sliperpoze edilen mod1arln sa-

Y1S1 ve tiplerinin sonu~larln dogruluguna etkisi. 

Elde edilen sonu~lardan ~lkarllan bulgularln bazl-

larl ~unlardlr: 

1. Statik analiz programlnda ku1lanllan algoritma 

~ok bilinmeyenli yapllarln hesablnda ba~arlll sonu~ ver-

mi~tir. Elde edilen sonu~larln dogrulugu kullanllan bil-

gisayarln kelime uzunlugu ve ~ozlim yontemi· ile yak.indan 

ilgilidir. 

2. Se~ilen zaman arallgl. ~ozlim sliresini ve sonu~-

larln dogrulugunu etkiler. Zaman arallgl kli~li1dlik~e, ~o-
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gozlenmi~tir. Bununla birlikte, ~ok kli~lik zaman ara11kla­

r1 se~ildiginde, yuvarlatmadan dolaY1 hata birikimi ola­

bilecegi unutulmama11d1r. 

3. Zaman art1m1 yonteminde, daha bliylik zaman ara-

11g1 degerleri i~in, ,hesaplanan integral 1raksak olabi­

lire Yak1nsak sonu~lar verecek uygun zaman ara11g1 se~i­

mi i~in genel bir kural~1kart11amam1~t1r. 

4. Modal analizde, yan11zca, en kli~lik frekans11 

bir ka~ modun kat11mas1n1n yeterli dogrulukta sonu~lar 

verdigi gozlenmi~tir. Bliylik frekans11 modlar sliperpoze 

edildiginde ise bir miktar hatan1n kald1g1 gortilmli~tlir. 

Bunun sebebi; buyUk frekans11 modlar1n hesaplanmas1 S1-

ras1nda birikmi~ olan hatalar1n var11g1 olabilir. 

5. Simetrik rijidlik ve klitle dag111m1 clan kemer 

tipi yap11ar1nserbest titre~im ozellikleri narinlik ve bas1k-

. 11k oranlar1na bag1m11d1r. Simetrik modlara ait kat11ma oran­

lar1n1n s1f1r degeri ald1g1 gorlilmu~tlir. Simetrik modlar1n 

katk1s1n1n modal analizde goz online a11nmamaS1 hesaplama sli­

resini daha da k1saltacakt1r. 
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I I INTRODUCTION 

Methods to predict the response of structural 

systems subjected to earthquake forces can be classified 

in three groups. The direct step-by-step integration 

and the mode superposition methods are consisting the 

first group, and are commonly called the dynamic procedures. 

In direct step-by-step integration method, the 

response of the structure at a certain step can be computed 

depending on the accelerations, velocities and the displa­

cements of the preceeding step. This method is generally 

used in research studies and for predicting the dynamic 

response of important structures such as high-rise towers, 

nuclear power plants, off-shore structures, and the like. 

The mode superposition method employs a generalized 

coordinate transformation which serves to change the set 

of coupled-equations of motion into a set of uncoupled 

equations. These uncoupled equations are integrated, and 

the response of the whole system is then computed by a 

linear superposition of these individual single degree­

of-freedom responses. Although damping forces can be 



considered, the method is essentially applicable only to 

linear elastic structures. 

In practice, the procedure so called the response 

spectra analysis, which is a special case of the mode 

superposition method, is used very frequently. In this 

method, only the maximum values of the response for each 

uncoupled equation of motion is considered, which reduces 

the execution time considerably. The most probable 

values for the structural response can be computed by 

"summing" these individual modal responses. For both the 

mode superposition method and the response spectra analysis 

procedure, the contributions of only a few of the smallest 

frequencies are the most significant, which further reduces 

the computation time. 

The second group of procedures, called the semi-

dynamic procedures, are very simple to apply, hence they 

are used in many design codes. In these procedures, the 

dynamic problem is reduced to a static problem by defining 

fictituous static loads depending on, generally, the 

fundamental mode of vibration, and the results are multip-

lied by correction factors to satisfy other conditions. 

In the third group, static loads are used which 

do not depend on the dynamic characteristics of the 

structure. This method is not anymore used alone to 

predict the response of important structures'. 
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In this study, computer programs were developed 

for the static and dynamic analysis of linear, elastic 

building and arch type plane frame structures. For the 

static analysis program, practically, there is no limit 

to the size of the problem to be solved. This is achieved 

by using an out-of-core solution algorithm. 

Several sample problems were solved to examine 

the free and forced vibration characteristics of building 

and arch type structures. In terms of their dynamic 

properties, these two types of systems were observed 

to be behaving in. a different manner. 

The displacements obtained from step-by-step analysis 

and modal superposition were compared. The effect of 

solution time stepJ ~tf and number and shape of the 

modes to be superposed on accuracy were investigated. 

The choice of fictitious static loads corresponding 

to each mode and a basis to sum the individual responses 

due to these static loads are illustrated on one example. 
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II. METHODS OF ANALYSIS 

In this chapter, fundamental aspects of the static 

and dynamic analysis of plane frame structures are given. 

The member stiffness matrix for a general straight, 

constant cross-section plane frame element and the local 

and global coordinate systems are defined. Code number 

technique is illustrated which may be used for the assembly 

of the equilibrium equations. 

The details of the frontal solution technique is 

illustrated on a simple continuous beam with three unknowns. 

The advantages and disadvantages of this technique is 

briefly discussed. 

Computation of the, frequencies and mode shape vectors 
------

of a freely vibrating undamped system, basic orthogonality 

relationships and ortho-normalization of the mode shape 

vectors are given in detail. 

The recurrance equations which will be used to 

integrate the equation of motion for a single degree-of­

freedom damped system are derived. 
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The procedure for modal analysis is given, including; 

the generalized coordinate transforma~ion, integration of 

the uncoupled equations of motion, and the superposition 

of the individual modal contributions. 

In the derivation of the. recurrance equations for 

the direct step-by-step integration method, the accelera-

tions were assumed to vary linearly within a time interval 

~t. 

The response spectra analysis procedure is described 

and three summation formulas are given. 

Finally, the relationship between the elastic 

forces acting on a structure and the inertia forces is 

derived, and a formula to compute equivalent fictitious 

static loads is given. These fictitious static loads 

may be used to predict dynamic response. 

II.A MATRIX DISPLACEMENT METHOD 

In matrix displacement method, a continuous structure is 

represented by a set of discrete points in the system. The 
~ 

structural system is discretized into smaller elements, and the 

properties of the structure is assumed to be concentrated at 

the points (nodes) within the system. The equilibrium equations 

belonging to these nodes are solved, and the response is 

found by computing the response of the elements composing 

the structure. In the following sections fundamental aspects 

·of the matrix displacement method are given. 



II .• A.l PRISMATIC PLANE FRAME ELEMENT 

The definition of a stiffness coefficient k· . 
~J 

can be stated as "the force that should be applied in 

6 

direction i in order to sustain a unit displacement in 

direction j, while all other prescribed displacements 

are equal to zero." The group of forces that should be 

applied in the directions of the prescribed displacements 

in order to sustain the unit displacement in direction j, 

forms the j th column of-the stiffness matrix. 

For a prismatic plane frame element the prescribed 

displacement and force directions, termed as "degrees-of-

freedom," are shown in Fig. 11.1 

~ I I~ 
~t ,t 

1 • rSri-------------------j---tJ~~-------

/ / 
~ ~ 

FIGURE 11.1 Prescribed Degrees of Freedom and the 
'. 

.~ 

Local Coordinate System for. a Prismatic 

Plane Frame Element 

The equilibrium equations for a general straight 

plane frame element, in matrix notation, is 
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-
8 0 0 -8 0 0 d 1 fl 

0 D C· 1 0 -D C· J 
d 2 f2 

0 C. Ai 0 -Ci B 
1 

d 3 f3 
(II.la) + = 

-8 0 0 8 0 0 d 4 f4 

0 -D -Ci 0 D -Cj d S fS 

0 C· 
J 

B 0 -C· 
J A· 

J 
d 6 f6 

or in compact form 

{P} = [kJ {d} + {f} (II.lb) 

where 

{P} vector of end forces 

{d} displacement vector 

lkJ elementsfi£fness matrix 

{f} vector of fixed end forces. 

For a general straight plane frame element, the stiffness 

coefficients are 

s = s~ 
L 

EI 
A. = ai--

1 L 

A.+B 
C. = _..:;:1 __ 

1 L 

C· = J 

. A.+B 
J 
L 

(II.lc) 



A' = a'~ . J J L D = 

For a constant cross- section.srraight element; s=l, 

ai=aj=4, and bij=2, therefore Eqs. (ll.1c) become 

S EA 
Ci= 

GEl = C· = L . J L2 

4El 
A· = A· = 
~ J L 

D 12El = 

2El L3 
B = 

L 

where 

E modulus of elasticity 

A cross-sectional area 

I moment of inertia 

L length of the element 

8 

The details of the derivation of element stiffness 

matrices for various types of structural members are given 

. R f ( 1) ( 2 ) and ( 3) * . ~n e s. , The fixed end forces due to 

loads acting on the element form the vector {f} (see Fig. 

ll.2). Fixed end forces for most common types of loadings 

* Paranthetical references placed superior to the line of text refer to 
the bibliography. 
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are given in·Refs. (1) r (2) r (3) and (4). 

FIGURE 11.2 Fixed End Forces Due to Element Loads 

For a structural system there are two types of 

coordinates: the local (member) coordinates, and the 

global (structure) coordinates. The local and the global 

coordinate systems are denoted by subscripts xyz and 

XYZ, and are shown in Figures 11.1 and 11.3, respectively. 

y 

+----x 

2. 

FIGURE 11.3 The Global Coordinate System for a 

Straight Plane Frame Element 
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Although the forces and displacements can be 

defined in local coordinates, for the sake of simplicity, 

they shall be transformed to the global coordinate system 

in order write the equilibrium equations for the structral 

system. Any vector quantity, namely the forces and disp­

lacements, can be transformed from the global to the local 

coordinate system by 

or 

where 

VI m n 0 0 0 0 

V2 
-n m 0 0 0 0 

V3 
= 

0 0 1 0 0 0 
(II.2a) 

V4 
0 0 0 m n 0 

Vs 0 0 0 -n m 0 

V6 0 0 0 0 0 1 

xyz XYZ 

(II.2b) 

{V} force or displacement vector in either 

coordinate system. 
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The transformation matrix [~ can be used both 

to transform forces and displacements. ~This type of 

transformation is called orthogonal transformation. The 

columns and the rows of the transformation matrix are 

normal and orthogonal to each other, therefore its inverse 

is equal to its transpose. 

{V}XYZ = [TJ -1 {V} 
xyz 

or 

[TJ T {V} 
(II.3) 

{V}XYZ = xyz 

Omitting the fixed end forces in Eq. (II.lb), and, 

writing the force and displacement vectors in the new 

notation, one obtains the following set of equations. 

{P}xyz = [kJ xyz {d} xyz (II.4a) 

{P}xyz = [T] {P}XYZ (II.4b) 

{d}xyz = [TJ {d}XYZ (II.4c) 

-----Substituting Eqs. (II.4b) and (II.4c) into (II.4a) it 

becomes 

Multiplying both sides of the above equation by [T]-l 
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from left leads to 

or 

(II.Sa) 

The element stiffness matrix with respect to global 

coordinate system is 

[kJ XYZ = [TJ T [kJ [TJ xyz . (II.Sb) 

Hence, the equilibrium equation for a single element, in 

global coordinates, becomes 

(II.6) 

The coefficients of [k]XYZ are given in Table II.l. 

This form of the equilibrium equations should be 

used in the assembly of the individual element stiffness 

matrices to form the structure (system) stiffness matrix. 



2 2 2 2 
Drt + Sm (S-D)mn -C.n -Dn -Sm (D-S)mn -C·n 

~ J 

2 2 C.m (D-S)mn 
2 2 C.m Dm + Sn -Dm - Sn I 

~ J 
I 

A. C.n -C.m B 
~ ~J' J 

~ 

.- 2 2 (S-D)mn Dn + Sm C.n 
(SYMMETRIC) . J 

/ 
2 2 -C.m Dm + Sn 

J 

A. 
J 

TABLE 11.1 Stiffness matrix of a General Straight Plane Frame Element (Transformed 

to Global Coordinates) 
f...J 
W 



;1.4 

II .A. 2 ASSEMBLY 

Code number technique is used to obtain structure 

stiffness matrix and the load vector(s), via assembling 

the individual element stiffness matrices, element fixed 

end forces, and the nodal point loads. With this tech­

nique, assembly of stiffness coefficients of the structural 

members connected to a node is easier and the technique 

is very suitable for computer programming. Although the 

method is illustrated on a plane frame system in this 

section, it is equally applicable in any system consisting 

of two or three dimensional finite elements. 

In the stiffness method, the unknowns are chosen 

to be the nodal displacem~nts, therefore the order of 

the structure stiffness matrix is equal to the number of 

nodal displacements within the system. Every unknown 

nodal displacement is given an equation number (code 

number). Forces and displacements belonging to a node 

are associated with the equation numbers of that node. 

Equation (code) numbers for a single element are 

defined to be the set of equation nUmbers belonging to 

the nodes of the element. 

The equation numbering scheme is illustrated on 

a typical plane frame system in Fig. II.4, and the 

equation numbers for the elements of the system are 
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given in Table II.2. For those directions which no 

displacement is allowed, a zero equation number is given. 

The numbers next to the arrows showing the positive 

displacement directions, are the equation numbers. The 

numbers enclosed in circles, and the numbers next to the 

nodes are the element and node numbers, respectively. 

o 

........ 

o 

~~o 
3 

FIGURE II.4 Numbering of the Displacements of a Typical 

Plane Frame 

, 

~lement 
Numbers No Equation 

1, 0 0 0 1 2 3 

2 0 0 4 1 2 3 

3 1 2 3 5 0 6 

. TABLE II.2 Equation Numbers for the Elements of 

the plane Frame in Figure II.4 
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In order to have a unit displacement in direction 

1 (X direction at node 1), the force that must be applied 

in that direction is 

1 2 3 
Kll = k44 + k44 + kll 

and similarly in the other directions are 

1 2 3 
K21 = k54 + k54 + k12 

1 2 3 
K31 = k64 + k64 + k3l 

2 
K4l = k34 

3 
K51 = k41 

3 
KGl = kGl 

where 

K coefficients of the structure (system) 

stiffness matrix 
" 

k i stiffness coefficients of member i. 

It is clear that the participation of element 

stiffness coefficients to the structure stiffness are 

related to the code numbers of the elements. Any 

element participates only to these equations given its 
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code numbers. The relationship between the element and 

structure stiffness coefficients is given by the following 

formula 

where 

L 

L 
k .. 

1J 
L = 1, ... , NE 

k. . the stiffness coefficient at location (i,j) 
1J 

in the stiffness matrix of element L. 

Knm the structure stiffness coefficient at 

location (n,m) 

NE : number of elements in the structural system 

nand m are given by 

n = c(i) 

m = c(j) 

where c is the vector containing the code numbers of 

element L. 

~ 

The details of the code number technique is given 

in Ref. (1). 
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II.A.3 THE FRONTAL TECHNIQUE 

The frontal solution technique (5},based on Gaussian 

elimination method is an out-of-core solution technique to 

solve large positive definite matrix equations arising in 

the finite element method. Although in some applications 

the finite element equations are unsymmetric, in most of 

the structural mechanics problems the finite element matrices 

are proven to be symmetric and banded.· Practically there 

is no limit to the total number of equations to be solved. 

Only a small number of equations may be held in the 

main memory simultaneously at a certain instant, which are 

the "active" ones. The fully summed equations are eliminated 

and kept in auxilIary (peripheral) memory, hence the available 

memory "freed" this way may be used for further assemly of 

the succeeding equations. When finally all equations are 

eliminated, the solution is obtained by an out-of-core 

backsubstitution technique. 

To illustrate the procedure the three-node, two­

element continuous beam shown below will be considered. 



o o ~ 

i 
i i 

kll k12 

[K] XYZ = 

number of unknowns = 3 

i i 
k2l k22 

half bandwidth = 2 

number of load vectors = 1 

FIGURE 11.6 Three-Node, Two-Element Continuous 

Beam 

After the assembly of the first element equations, the 

state of the system stiffness matrix is as follows 

I I I 
kll k12 0 d' 

1 
b l 

I I 
0 k2l k22 

'. 

I 
d 2 

-----

b 2 

0 0 0 d 3 0 

19 

where the superscript denotes the contributing element's 

number. 
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The elimination of equation one can occur at this stage, 

because there will be no contribution from the second 

element to this equation. Howeve~ elimination of equation 

two can occur only when the contribution of the coeffici-

ents from element two is completed. This point is not reach-

.ed before the assembly of element two takes place. After 

the elimination of equation one,the structure stiffness 

matrix becomes 

I I 
kll k12 0 d l b

I 
1 

I 
I 

I k2l I 
0 0 ~2- -r *k12 

kll 

bI _ k2l I 
*bl 2 I 

d 2 kll 

0 0 0 

From the above table it may be observed that although 

equation two is altered before it was fully summed, the 

terms subtracted involve only that component involving 
~ 

equation one which was already fully summed. For frontal 

routines each equation can be eliminated at an earlier 

stage than band routines-as soon as it is complete. After 

the elimination of equation one, there is no need to keep 

it in the main memory any more, therefore it may be written 

on the peripheral memory and that part of the main memory 
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"freed" may be used for storing the succeding equations' 

coefficients. Therefore, before continuing with the assembly 

process, the "incomplete equations in the main memory must 

be shifted above one line to free the very bottom line of 

the matrix so that it may be used for the assembly of the 

next equations. 

Assembling the stiffness matrix of element two, the 

system stiffness matrix becomes 

I I 

kll k12 0 

I 
I k21 I RII 

0 k 22 - --1- * k12 12 
kll 

I 

d 2 
I k21 I 

b - * b 2 I 1 
kll 

II 
+ kll bII 

+ 1 

O· kII kII 
21 22 

d 3 
b
II 
2 

Making use of the symmetry and banding properties of 

the system stiffness matrix, a square matrix of (2x3) would 

be sufficient to solve this set of linear simultaneous 

equations, whereas it would actually need a (3x3) matrix 

if a similar but in-core-solution algorithm was used. 
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Backsubstitution process may be performed 

using a similar way; the equations arid the right'-hand-side 

vectors are read into the main memory in smaller pieces. 

Those right-hand-side coefficients which backsubstitution 

is complete are written back to the peripheral me~ory and 

those equations which the backsubstitution is not 'complete 

are shifted below to read new equations into the "freed" 

memory. It is extremely important to keep in mind that 

peripheral access is slower than access to main memory. 

Therefore, instead of writing the equations to the periph­

,eraL. memory as soon as they are complete and eliminated, 

a better algorithm would be to eliminate and write the 

equations in groups, which will decrease the total access 

time significantly. 

The frontal solution technique has proved a very 

effective means for solving the positive definite matrix 

equations arising in the finite element method. Using 

the symmetry and banding properties of the system stiffness 

matrix, it is possible to use either a 'band' or a 'frontal' 

out-of-core method to analyze systems with very large stiff­

ness matrices. However, in spite o;L their slightly greater 

-complexity, frontal routines may be preferred, since they 

are in general faster and require less core than band 

routines. In addition, it is not necessary to apply a 

'stringent' node numbering scheme, because the size of 

the front width (equivalent to half bandwidth in band 

routines) depends on the element numbering scheme. 
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lIoB UNDAMPED FREE VIBRATIONS 

The coupled equations of motion for a freely vibrating 

undamped system is 

where 

(II.8) 

[MJ mass matrix containing the mass influence 

coefficients 

reduced stiffness matrix 

relative displacement and acceleration 

vectors, respectively. 

In this equation, damping effects and externally 

applied loads are omitted. Assuming that the free vibration 

motion is harmonic, the solution to Eq.(lI.8) is 

{y} = {y} sin ((0 t+e) (II.9) 

where {y} represents the time independent shape of the 

system, 8 is the phase angle, and 'W is the system frequency. 

Differentiating Eq.(II.9) with respect to tim~ the 

velocity and acceleration vectors are 

{y} = w. {Y} cos (w t+8) (II.IOa) 

and 
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{y} = _w2 
{y} sin ("w·t+e) (II.IOb) 

substituting Eqs.(II.9~)and (II.IOb) into Eq.(II.8) gives 

_w
2 [M] {Y} sin (wt+e) + [K]{YJ sin (wt+e) = {O} 

(II.II) 

Omitting the arbitrary sine terms.,Eq. (II.II) may be 

written 

( [K] - w 
2 

[M] ) {y} = {O} (II~12) 

For a nontrivial solution to exist,the determinant of 

([K] - w
2 

[M]) should vanish, i.e. 

det ([KJ - w 
2 [M]) = 0 (II.13) 

There exists N roots for the equation obtained by expanding 

the determinant for a system having N dynamic degrees of 

freedom. The N roots of this equation(!I!~; i=·l.,; .• ,N) 
.L 

represent the free vibration frequencies of the systenl. 

Another possible formulation of the problem may be 
'. 

derived by premultiplying Eq.(II.12) b~ [KJ-I and dividing 

2 
by w 

I 
(-2- [KJ-I [KJ - [K]-l [M]) {y} = {a} (II.14) 
w 

Defining the reduced flexibility matrix to be 
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_ _1 
[FJ = [KJ 

and rearranging, Eq.(II.14) becomes 

1 
([pJ [M] 

2 
[I]) {Y} = {OJ (II.lS) 

w 

where [I] is the identity matrix and the product [pJ [M] 

is the dynamic matrix. 

The mode having the smallest (highest) frequency is 

called the first mode, the second highest frequency is 

called the second mode, etc. 

By substituting anyone of the frequencies into 

Eq. (II.lS) a homogenous set of linear equations is obtained. 

The shape of the freely vibrating . system called the modal 

shape, can be determined iR terms of anyone coordinate. 

Thus, 

Ylk Ylk 

{y}k 
Y2k 1 

Y2k 
= 

-
Ymk 

YNk YNk 

(k=l, ••• ,N) " (1 ~ m ~ N) 

where Y
mk 

is the reference component. 

The free vibration mode shapes {Y}k have certain 

special properties, called the orthogonality relationships, 
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which are very useful in structural dynamic analysis. 

The basic relationship "mass ortogonality conditio~'can 

be demonstrated applying Betti's reciprocal theorem as 

follows: 

(II.16) 

where w2 
[M]{Y} are the applied inertia load vectors, 

{Y}n and {Y}m represent the resulting displacements due 

to these two different applied load systems. Taking into 

account the symmetry of [M], and noting that the matrix 

products in Eq. (II.16) are scalars, they can be transposed 

arbitrarily. Therefore Eq.(II.16) may be written 

(II.17a) 

which implies that 

m # n (II.17b) 

For the case m=n a scalar factor maybe defined as 

(II.18) 

which may be used to normalize the mode shape vectos as 

follows 

(II.19) 
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where {~} is the mass-orthonormalized mode shape vector 
·m 

for mode m. 

A consequence of this type of normalization, together 

with the modal orthogonality relationships relative to the 

mass matrix [Eq. (11.17b)] is that 

(11.20) 

where [~J is the complete set of N normalized mode shapes 

and [1J is the identity matrix. 

Furthermore, it is clear that replacing {Y} by {~} 

also satisfies Eq.(11.12), hence 

(11.21) 

A second orthogonality condition can be derived directly 

from this by premultiplying Eq.(11.20b) by {~};; thus 

----... 
When the mass orthogonality condition is applied to the 

right-hand side it is clear that 

m ~ n (11.22) 

For the case m=n 
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(II.23a) 

Representing this orthogonality condition in compact 

form it follows that 

(II.23b) 

where [w2
] is the frequency matrix having the free vibration 

frequencies of the system on its diagonal. 

Numerous methods exist to solve the eigenvalue problem 

given in Eqs.(II.12) and (II.IS). Vianello Stodola (power 

iteration) method can conveniently be used for the vibration 

analysis of small systems [Refs. (6),(7) ,(8), and (9)J. 

In Stodola method, an initial assumption is made of the 

vibration mode shape, and it is adjusted iteratively until 

an adequate approximation to the true mode shape has been 

achieved. In the following paragraphs the Vianello Stodola 

method is explained. 

Let the ~igenvalues and vectors of a given matrix 

[AJ be AI' •.•• ,An and {eh' ••. ' {e}n' and let the 

-----eigenvalues satisfy the eigenvalues satisfy the condition 

If the first iteration is carried"out by a starting vector 



one gets 

Repeating the iteration p times 

Knowing that Ai/Al<l (i = 2, ... ,n), 

p 
lim [A] {V} = 
p_ (Xl 

lim (Ai/Al)P=o. 
p~ (Xl 
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Practically, if P is large enough, (Ai/Al)P will vanish. 

The eigenvalue is the largest coefficient of the last 

iteration vector computed, and the vector obtained by 

dividing the last iteration vector by theagenvalue is 

the corresponding eigenvector. The frequency can be 

computed by 

(II.24) 

and the orthonormalized mode shape vector can be computed 

by Eqs.(II.18) and (II.19). 
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The Stodola iteration process can also be used to 

compute lower modes as well. Unless the first mode components 

are eliminated from the dynamic matrix [Eq. (II.15)], any given 

trial vector will always converge towards the first mode eigen­

pair. Equation (II.17b) states that any two distiDct"~ eigen-

vectors are orthogonal relative to the mass matrix. Rewriting 

Eq. (II.17b) for the first mode shape vector and any other mode 

shape vector j 

or 

where 

vector, 

{y}T [M] {y}. = 0 
I J 

j = 2, ••• ,n 

= 0 (II.25) 

are the coefficients of the first mode shape 

y .. 
~J are the coefficients of the other mode shape 

vectors, and mi are the coefficients of the diagonal mass 

matrix. 

Solving for Ylj from Eq.(II.25), substituting into 

dynamic matrix, and omitting the first equation, a new 

dynamic matrix of order (n-l)x(n-l) is obtained. This new 

matrix does not contain any first mo~ components, therefore 

any non-zero trial shape will converge to .the highest mode 

of this new dynamic matrix, which is, in fact, the second 

mode of the original dynamic matrix. The elimination 

process described above is called "sweeping." 

Computing the (n-l) elements of the new mode shape 

vector by Stodola method, and using Eq.(II.25) 
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Y12 may be computed. 

From the orthogonality condition 

j=3, ••• ,n 

or 

Y1j may be solved and by substituting its value to (II.2S) 

a new equation of order 1x(n-1) is obtained: 

j=3, ••• ,n (II.26) 

Solving for Y2j , substituting its value into the dynamic 

matrix of order (n-1)x(n-1), and omitting the second 

equation a new dynamic matrix of order (n-2) x (n-.2) is obtained. 

The procedure can be repeated the same way to compute 

the frequencies and modeShapes for the third and lower modes, 

except for the last mode. 

The order of the dynamic matrix reduces to one for 

the last (lowest) mode: 

1 
--=-2- Ynn = 0 

w 
n 

The choice for Ynn is arbitrary and wn caribe computed 

from 



lI.I = n 

1 

J( FM:) 
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nn 

U.sing all the previously stated orthogonality conditions, 

the highest mode shape vector may be constructed such that 

i t i.~ortbqgona1 to all the higher mode shape vectors. 

The mode shapes of different building type plane 

frames are quite similar, hence it is easier to make a guess 

on the starting iteration vectors for the highest few modes 

(10). The mode shapes of arch type plane frames depend very 

much on their slenderness and aspect ratios, therefore a 

choice on the starting iteration vectors is very difficult 

to make (ll).The properties of the mode shapes of arches and 

building frames will be discussed later in Chapter IV. 

II~C. SINGLEDEGREE-OF-F.REEDOM VIBRATING SYSTEMS 

The equation of motion for a single degree-of-freedom 

vibrating system is 

.. 
+ cy + ky f(t) (II.27a) my = 

'. 

where 

m mass 

c damping 

k stiffness 

f (t) applied load function 
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y,'i,Y displacement, velocity and acceleration, of 

the moving body, respectively. 

The idealized single degree of freedom system and its 

free body diagram is shown in Figure II.5. 

( 

c 

cy -+-
k f (t) mv 

ky -+--- ~ 
~ f(t) 

m 

FIGURE II.5 Idealized Single Degree-of-Freedom 

System 

It is more convenient to express Eq.(II.27a) in the following 

form 

c . k f(t)/m y + -- y + -- Y = m m 
(II.27b) 

or 

.. . 2-
Y + 21; (j) Y + w Y = aCt) (II.27c) 

where 

1; damping ratio (ratio of damping to critical damping 

value) , 

(j) 
angular frequency of the system, 

aCt) input acceleration function. 
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In the case when the applied load represents an 

eartquake base excitation, aCt) is a complex function, 

therefore the solution to Eqs.(II.27) can not be obtained 

in closed form. Instead, a numerical integration scheme 

has to be employed. 

The single step linear acceleration method is used 

to integrate the equation of motion for a single degree of 

freedom system, which assumes that the acceleration is 

linearly varying within a time interval ~t. 

Taylor series expansion of the displacement function 

yet) is 

y(t) 

00 

l: 
k=O 

y (k) (t ) 
n 

k 
(t l-t) n- n 

k! 

ilt ilt 

L-_________ ~ ______ ~ _____________ ~t 

t n-l 

(II.28) 

Defining ~t = ,t
n

+
l 

- tn and knowing that the fourth and 

the higher order derivatives of Eq.(II.28) are equal to 

zero 

2 
• At +.. (~t) 

= Y n + y n Ll Yn 2 
... (~t) 3 

+ Yn 
6 

(II.29a) 
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Differentiating Eq.(II.29a) with respect to time twice, one 

gets 

. (b.t) 2 
Yn+l = Yn 

+ Yn tot + Y n 2 
(II.29b) 

.. 
Yn+l = Yn 

+ Yn b.t (II.29c) 

substituting the value of Yn from Eq.(II.29c) into Eqs.(II.29a) 

and (II.29b) the following set of equations is obtained 

. +~ (Yn+l + y ) Yn+l = Yn b.t 2 n (II.30a) 

. 
(2y + Yn+l) 

(b.t)2 
Yn+l = Yn 

+ Yn b.t + n 6 
(II.30b) 

The Eqs. (II.30a) and (l1.30b)can be substituted into Eq. (II.27c) 

and rearranging these three equations the following recurrence 

relationships are obtained 

where 

.. 
(a (t) - 21;;wA + Yn+l = n 

. b.t 
A Yn+l = + Yn+l --n 2 

Yn+l = B .+ Yn+l n 

b.t 
e = I + 21;;00- -- + 

. 
A = Y + Y n n n 

2 

b.t 

2 

(b. t) 2 

6 

2 w 

2 
Bn)/e ·00 

(II.3Ia) 

(b.t)2 

6 

(II.3Ib) 



B n 
(l'.t) 

2 

3 
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Knowing the characteristics of syste~,andthe acceleration, 

velocity and displacements at any time t ,"a new set of 
n 

y,y and y values can be computed at time t
n

+
l

, using 

Eqs.(II.31) recursively. When the initial conditions Ye 

and Yo are known, the initial acceleration of the system 

can be computed by 

(11.32) 

An important observation was that the cost of this 

integration analysis (i.e., the number of operations required) 

is directly proportional to the number of steps required for 

solution. It follows that the selection of an appropriate 

solution time step must be small enough so that accuracy 

is obtained in the solution. But on the other hand, the 

solution time step must not be smaller than necessary, 

because this would mean that the solution is more costly 

than actually required. Also, very small time step values 

may cause error accumulation in low precision computers. 

The effect of the selection of solution time_step 

on accuracy and 'stability of the integration,.will be 

discussed in Chapter IV. 
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II.D MODE SUPERPOSITION METHOD 

The generalized coordinate transformation, which 

serves to change the set of N coupled equations of motion 

of a multi degree-of-freedom system into a set of N un-

coupled equations is the basis of the mode superposition 

of dynamic analysis. This method can be used to evaluate 

the dynamic response of any linear structure for which 

the displacements have been expressed in terms of a set 

of N discrete coordinates, and where the damping can be 

expressed by modal damping ratios. The procedure consists 

of" the following steps. 

STEP 1 The equation of motion for a linearmulti-degree-

where 

.. . 

of-freedom system is expressed as 

-
[M] {y} + [c] {y} + [K] {y} = - eM] {'o} dx 

(II.33) 

[M] mass matrix 

[C] damping matrix 

[K] reduced stiffness matrix 

d input ground ~ccelerationin the horizontal x ~ 

{U} 

direction 

q vector used to couple the mass coefficients 

representing the inertia of the system i~ horizontaJ 
direction with the input base,acceleratlon 

{y}, {y}, {y} the acceleration, velocity and displacement 

vectors representing the motion of dynamic 

degrees of freedom. 
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STEP 2 For undamped free vibrations, the matrix equation 

(II.33) can be reduced to the eigenvalue equation 

( [i{ ] - w
2 

[M] ). {Y}' = {O} 

or 

( [FJ [MJ- -+- [I] ) {Y} ={O} 
w 

from which the free vibration mode shape vectors and fre-

quencies can be computed. 

STEP 3 The state of the vibration of a multi-degree-of-~ 

freedom system can be expressed in terms of the 

orthonormalized mode shapes by the transformation 

(II.34a) 

-
where {y} is the vector containing the modal amplitudes in 

generalized coordinates, and modal matrix [¢] serves to 

transform from the generalized coordinates {y} to the 

geometric coordinates {y}. Differentiating Eq.(II.34a) 

twice with re'spect to time, the velocity and acceleration 

vectors are found. 

(II.34b) 

(II.34c) , 

Substituting Eqs.(II.34) into Eq.(II.33) 
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.. 
- [M] {u} d x 

premultiplying the above equation by [~]T, it becomes 

T .. 
= - [~J [M] {u} d 

With the use of Eq. (II.2 0) and Eg. (II.2'3b), 

Eq. (II.35) simplifies to 

x (II.35) 

Practically, the matrix [~] T [c] [~] is assumed to be diagonal" 

and the diagonal coefficients are represented by a fraction 

of the modal critical damping ratios. Matrix [w 2J is also 

a diagonal matrix having the squares of the free vibration 

frequencies of the system as its diagonal elements. 

Hence, the coupled set of linear differential equations 

given by Eq.(II.33) is reduced to a set of N uncoupled linear 

differential equations of order two, which are of the form 

(II.36) 

where the subscript k denotes the mode number, and r k is 

the participation factor for Irode: k which is de~ined to be 

(II.37) 
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STEP 4: The resulting independent single-degree-of-freedom 

equations can be integrated by any suitable method 

depending on the type of loading. 

STEP 5 

form 

W~en response for each mode yk(t) has been deter­

mined, the displacements,expressed in geometric 

coordinate~ are computed by Eq.(II.34a) 

This equation may also be written in the following 

(II.38) 

It should be noted that for most types of loadings the 

contributions of the various modes generally are greatest 

for the highest frequencies and tend to decrease for the 

lower frequencies. Consequently, it usually is not necess­

ary to include all the lower modes of vibration in the 

superposition process given by Eq. (II.38). The series can 

be truncated when the response has been obtained to any 

desired degree of accuracy. Moreover, it should be kept in 

mind that the mathematical idealization of any complex 

structural system also tends to be less reliable in. 

p~edicting the higher modes of vibration; for this reason, 

too, it is desired to limit the number of modes considered 

in a dynamic response analysis. 
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II.E DIRECT STEP-BY-STKP INTEGRATION 

Step-by-step integration procedure is an effective 

way of integrating the uncoupled equations of motion given 

by Eq.(II.33). Although the computation time is longer 

than the mode superposition method, in some cases it may 

be advantageous to use this method,since it does not require 

the evaluation of the vibration mode shapes and freqlJencies, 

which is a very time consuming computational task in systems 

with many degrees-of-freedom. In general, direct" step-by-

step integration tends to be most useful in evaluating the 

response of large, complex structures to short duration 

loads which tend to excite many modes of vibration but which 

requires that only a shorter response history is to be 

evaluated .. 

One potential difficulty in the step-by-step integ­

ration is that the damping matrix must be defined explicitly 

rather than in terms of modal damping ratios. It is very 

difficult to estimate the coefficients of a complete damping 

matrix. The most effective means for deriving a suitable 

damping matr{x is to assume appropriate values for modal 
'. -----

damping ratios which are considered to be important,and 

than to comput~ an orthogonal damping matrix described in 

the preceeding section. 

On the other hand, defining the damping matrix 

explicity rather than by modal damping ratios,may be 

adventageous because it increases the generality of the 

step-by-step integration method. 
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The choice of the damping matrix and modal damping 

ratios is discussed in detail in Refs. (2), (12) , (13) and (14). 

In the following paragraphs the derivation of the 

recurrence equations for direct step-by-step integration 

procedure is given. It is assumed that acceleration varies 

linearly within the specified time interval 6t. 

The velocity and displacement vectors in the general 

equation of motion [Eq.(II.33)],by analogy with the single­

degr:ee-of-freedom expressions [Eqs.(II. 3lil, can be expressed 

as 

{Y}n+l {Y} + ({Y}n+l + {Y}n) 
6t = n 2 

(11.39) 
and 

2 

{Y}n+l {y} + {Y}n 6t + (2 {Y} + {Y}n+l) 
(bt) 

= n n 6 

Substituting Eq&(II.39) into Eq. (11.33) and rearranging 

oneobtains 

or 

where 

o. 

[E] {Y}n+l + [C] {A}n + [1<] {B}n = - [M] {u} dx(tn +l ) 

{Y}n+l = [EJ-l (- [M]{U} dx(tn +l ) - [C]{A}n 

- [1<] {B}n) 

[EJ 

_6t - (6t)2 
= [M] + [C] 2 + [K] 6 

(11.:4 Oa) 
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{A} 
. ilt = {y} + {y}n n n 2 

{B}n 
. .. (t. t) 2 = {y} + {y} b.t + {y}n n 

3 

The velocity and displacement recurrence relationships are: 

{Y}n+l 
.. ilt = {A} + {y}n n 2 (II.40b) 

.. (llt) 2 
{Y}n+l = {B} + {y} 

n n 6 
(II.40c) 

Knowing the mass, damping and stiffness properties of the 

system; acceleration, velocity and displacements for the 

dynamic degrees-of-freedom of the system can be computed 

by Eqs. ( II.40) for any given base acceleration. The 

initial acceleration of the system can be computed by 

{~}o = [MJ-l (-[M]{u} dx(to ) - [C]{Yfo - [K]{y}o) 

(II.4l) 

where {y}o and {y}o are the initial velocity and the 

displacement vectors, respectively. 

Appropriate values for the solution time step ilt 

shall be selected considering the cost ar.d accuracy of 

the solution .. .some examples are given for building and 

arch. type plane frames in Chapter IV •. 



II. F RESPONSE SPECTRA ANALYSIS 

Numerical integration of the uncoupled linear 

differential equations of motion for every mode is a 
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very time consuming operation. In engineering, generally, 

the maximum values are of interest. Therefore, for each 

mode to be superposed only the maximum values, namely 

displacements, forces, stresses, etc., are computed and 

superposed depending on a certain probabilistic approach. 

The maximum acceleration value detected during the 

integration of a single-degree-of-freedom system with a 

given frequency, subject to a certain earthquake motion 

is called to be the spectral acceleration value, Sa, at 

that frequency. Assuming the motion to be harmonic, the 

ffiaXlimro velocity and maximum displacement can approximately 

be computed by 

2 = Sa/ w 

(II.42a) 

(II.42b) 

---For small damping ratios the maximum velocity and 

displacement values computed by Eqs.(II.42a) and (II.42b) 

are very close to the real maximum velocity and displacement 

values. For this reason they are called fictitious-spectral 

velocity and fictitious-spectral displacement. 
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When the spectral values for an earthquake mo~ion 

are known, the spectral displacements-belonging to a 

certain mode j can be computed by 

2 
{y} . = {qJ} . r. Saj lWj J J J 

(II.43a) 

or {y}j = {¢ }. r. Svj/Wj J J 
(II.43b) 

or (II.43c) 

Other response values for the structure can also 

be computed using similar formulas to Eqs.(II.43) for 

each mode. 

The response values from each mode could have 

been supErposed directly, if all terms in each summation 

were to be evaluated at the same instant in time. The 

response spectrum is a plot of maximum response for a 

spectrum of periods of vibration. The time at which 

this response occurs is not recorded. Therefore, the 

maximum response values defined in Eqs.(II.43) probably 

will occur at different times for each mode. If the 

absolute values of the responses for each mode are 

summed it is ,assumed that all the response spectrum 

maximum times are the same, which is probably never the 

situation. 



. The structure response values are combined by 

using approximate summation formulas. ~ If the absolute 

valuesof the maximum modal responses are summed, this 

result gives an upper bound to the answer. Denoting 
. -

any response in the j ~~ mode as Pj r it follows that 

the absolute sum response (peak response) is 

(II.44) 
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Another well known formula is called the root sum . 

square and is given by 

1/2 
+ ••• ] (I1.45) 

A third formula that combines Eqs.(II.44) and (II.45) in 

the same sense is 

(II.46) 

There is no universally accepted formula for summing the 

modal responses. 

It is customary not to retain all the terms in Eqs. 

(II.44) to (II.46), which this additional approximation 

reduces the computational effort considerably. This. 

reduction in the number of terms to be summed is called 

modal truncation. 
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II.G EQUIVALENT STATIC LOADS 

Another method to predict the modal responses is 

to define fictitious static loads that would yield the 

displaced shape of a given structure. Hence, the 

dynamic problem reduces to a static problem (10). 

Rearranging Eq.(II.33), it follows that 

.. 
[M] {y} + [C] {:y} + [M] {u} d

x 
= - [KJ {y} 

where the term on the left is the earthquake force 

vector. Therefore 

. {F} = - [i<J {y} 

Using Eq. (II.34a), it follows that 

{ F } = - [i<J [~J {y} 

Finally, using Eq. (11.21) the earthquake force is 

or 

The interpretation of the above formula is as follows: 

at any time t, the elastic forces acting on the structure 
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is defined as a combination of the elastic forces due 

to each mode. 

Hence 

{F} = {F}l + {F}2 + ••• 

where 

Since the maximum response is investigated, the 

maximum modal forces for any mode k can be defined as 

(II.47) 

The maximum value of Yk is equal to the participation 

factor rk times the spectral displacement (15 ). In 

other words 

or in terms of the spectral acceleration 

(II.48) 

Substituting Eq. (II.48) into Eq.{II.47) the equivalent 

maximum elastic force representing mode k becomes 

(II.49) 
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Because the response spectrum does not retain the 

sign of the maximum response, all forces in Eq.(11.49) 

can be multiplied by a plus or minus sign. 

Applying these static loads to the structural 

system, any response value can be computed using a 

static analysis program. The response values obtained 

for each mode can be superposed using onedfthe summation 

formulas given by Eqs.(11.44), (11.45) or (11.46). 



50 

Ill. DEVELOPED COMPUTER PROGRAMS 

In this chapter, information is given on the 

computer programs, which were developed throughout this 

study. The computer programs PFRAME5, PFRAME6, EIG3, 

SPEC, MODAL and DSSI were developed on CDC Cyber 170/815 

system (operating system: NOS 2.2) operating at Computer 

Center, Bogazigi University, Istanbul 

III.A STATIC ANALYSIS OF PLANE FRAME STRUCTURES 

PRAME5 AND PFRAME6 

The computer programs PFRAME5 and PFRAME6 were 

developed primarily for the static analysis of plane 

frame structures subject to nodal and member loads. 

In these programs stiffness (displacement) method of 

analysis is used, where the unknowns were chosen to be 

the nodal displacements. Fundamentals of the problem 

are given in Section II.A. For this program, practically, 

there is no limit to the size of the problem to be solved. 
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The control information, material properties, 

element type information and the boundary conditions are 

read before starting the frontal solution process. The 

frontal routine reads the connectivity and loading data 

for each member, generates the equation (code) numbers 

for each node, computes and element stiffness matrices, 

assembles the structure (system) stiffness matrix and 

forms the right~hand-side (load) vectors. The fully sum­

med equations are eliminated before all the element stiff­

ness matrices are assembled, whenever necessary. After 

all the equations are fully' summed and eliminated, the 

unknown nodal displacements are computed by an out-of-core 

backsubstitution process. Finally, the end forces are 

computed for each member. 

The generated equation numbers and the computed 

displacements are saved on disk files. If desired, 

these nodal displacements may later be used to construct 

the reduced flexibility matrix in frequency/mode shape 

computations. 

The frontal solution algorithm used here has two 

basic short cuts: the half bandwidth of the structure 

stiffness matrix and the 'iast element containing each node 

(last appearence of each equation) are not computed automa­

tically by the program. Since, for high-rise framed struc­

tures the half bandwidth depends on the nUInber of bays, for 

simplicity, its value is either supplied by the user, 

or it can be computed when the number of bays 
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is known. The last appearance. of every unknown during 

the assembly process depends on the number of bays, and 

on the numbering pattern of the elements. Simple formulas 

are derived for finding the fully summed equations at 

any stage of the elimination process. 

As it was mentioned in section II.A.2, frontal 

solution technique is an out-of-core solution algorithm 

which enables the analysis of structures with very large 

number of nodal unknowns, where it would be impossible 

by using an in-core solution algorithm. In the case when 

micro computers are used, which have limited main memory, 

but usually have peripheral memory of reasonable size, 

it becomes obligatory to employ out-of core solution 

algorithms, even when medium size problems are encountered. 

The program PFRAME5 can easily be installed to operate 

on micro computers which have about 256 kilo-bytes of 

random access memory (256 kBytes RAM) . 

Practically, there is no limit to the number of 

equations to be solved, as long as a rectangular array 

can be declared with number of colu~equal to the half 

bandwidth, and number of rows greater than or equal to 

the half bandwidth. Clearly for the cases when the number 

of equations that can be stored simultaneously in the 

, min memory is larger than the half bandwidth, the total 

computation time will considerably be reduced. 



The computer program PFRAME6 is a modified 

version of PFRAME5. It was modified to analyse towers 

and arch type plane frames~ where the half bandwidth 
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for the problem is supplied by the user. With the 

necessary modifications it became possible to define nodal 

concentrated loads, whereas it was not for PFRAME5. 

Data input description and a listing of program 

PFRAME5 are given in Appendix A. The algorithm for 

PFRAME5 is given below. 

1. Read the control information. 

2. Read the boundary conditions, and store on 

file TAPEIO. 

3. Read the element cross-sectional properties 

and generate element stiffness properties for 

each type of element which would give a diff­

erent element stiffness matrix. Write these 

element stiffness matrices on file TAPEll. 

4. Read the element connectivity and type data. 

5. Generate the equation numbers belonging to 

the nodes of the element. 

6. Read the element stiffness matrix from file 

TAPEll. 

7. Assemble the element stiffness matrix into 

the system stiffness matrix. 

8. Read element loading data, compute fixed-end 

forces in local coordinates, transform the 



54 

fixed-end forces to global coordinates and substract 

from the right-hand side (load) vectors. 

9. Write fixed-end forces/element type and code numbers 

on file TAPE12. 

10. If there is sufficient memory left for the further 

assembly of the next element's equations go to 

Step 4. 

11. 'Eliminate the fully summed rows 

12. Write the fully summed rows of the system stiffness 

matrix and the right-hand side(load) vectors on 

files TAPE13 and TAPE14, respectively. 

13. Shift all the incomplete equations up, to "free" 

space in the main memory for further assembly. 

14. If there are other elements waiting for assembly, 

go to Step 4. 

15. Perform the backsubstitution process. 

16. Read the element equation numbers, type, and 

fixed-end forces from file TAPE12. 

17. Read the element stiffness matrix from file TAPEll. 

18. Read element nodal displacements from file TAPE14~ 

19. Compute and print the end forces for the element. 

20. If any element is ',left, go to Step 16. 

21. Stop. 
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III.B FREQUENCY/MODE SHAPE COMPUTATION: EIG3 

The computer program EIG3 was developed to 

compute the frequencies and orthonormalized mode shape 

vectors of a given system with known reduced flexibility 

and diagonal mass matrices. 

EIG3 reads the heading of the problem, order of 

the free vibration problem and mass information. It forms 

the ~asSmatrix and constructs the flexibilty matrix by 

reading the displacements and rotations from file TAPEi4 

which .were·' previously written by programs PFRAME5 or 

PFR..~E6 • 

Flexibility and mass matrices are multiplied to 

get the dynamic matrix given by Eq. (II .15). To compute 

the eigenvalues and eigenvectors, subroutine EISRGI of 

Cern Computer Centre Program Library I is used. EISRGI 

is a subroutine which computes all eigenvalues and eigen-

vectors of a given general real matrix by calling routines 

in the EISPACK package. 

Finally, the frequencies, periods,participation 
'. 

factors are computed and all the mode shape vectors are 

orthonormalized relative to the mass matrix. The free 

vibration frequencies, participation factors and 

orthonormalized mode shape vectors for each mode are 

written on file TAPE20 which may be used later for 

time-history analysis by mode superposition method, if desired. 
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III.C SPECTRAL ACCELERATION COMPUTATION SPEC 

The computer program SPEC was developed to compute 

the response of a single degree-of-freedom system to an 

arbitrary loading. Linear acceleration method (Section 

II.C) was used to integrate the equation of motion given 

by Eq.(II.27c}. 

Program SPEC reads the time step, periods and the 

corresponding damping ratios, and acceleration function 

definition points. The accelerations, velocities and 

displacements are computed at every time step, and finally 

the spectral acceleration values, the step and time at 

which the maximums were detected are printed for each 

of the input period and damping ratio pairs. The computed 

acceleration, velocity and displacement values can also 

be printed depending on the choice of the user. 

Data input description and listing of program 

SPEC are given in Appendix B. 
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III.D RESPONSE-HISTORY ANALYSIS BY MODE SUPERPOSITION: 

MODAL 

computer program MODAL evaluates the dynamic 

response of any linear structure to any given earthquake 

accelerogram by mode superposition method. Angular 

frequencies, participation factors and orthonormalized 

mode shapes for each mode to be superposed must be known . 

prior to the execution of MODAL. 

The program MODAL reads the earthquake accelerogram, 

integration step size, and the modal damping ratios. 

Previously computed frequencies, participation factors and 

mode shape vectors are read from file TAPE20 ; therefore, 

is must be executed after execution of EIG3. The response 

of the uncoupled equations of motion to the input earthquake 

accelerogram is computed by the linear acceleration method. 

The geometric displacements are computed by the super-

position of any desired number of modes, at every time 

step. The maximum values of the displacements in the 

directions of each of the prescribed dynamic degrees-of-

freedom are detected throughout the integration. 
'. 

These maximum displacement values and the times 

at which these maximums have occured are printed at the 

end of the integration. The computed generalized acceler­

ations, velocities and displacements, along with the 

displacements in geometric coordinates can also be printed 
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at every integration step, depending on the choice of 

the user. Also the displacements are printed for those 

steps required by the user. 

The procedure for program MODAL was given in 

Section II.D. Data input description and program listing 

of MODAL are given in Appendix C. 

III.E RESPONSE HISTORY ANALYSIS BY DIRECT STEP-BY-STEP 

INTEGRATION : DSSI 

The computer program DSSI was developed to compute 

the response of a structural system to any given earthquake 

accelerogram, by linear acceleration method. The user 

shall supply the mass information, earthquake accelerogram, 

andthe solution time step. DSSI constructs the diagonal 

mass matrix, forms the reduced flexibili.ty matrix which 

was previously computed and stored on file TAPE14. Hence, 

PFRAME5, or PFRAME6 must be executed prior to the execution 

of DSSI. 

It inverts the reduced stiffness matrix , and also 

computes the damping matrix. Rayleigh damping matrix 

formulation is used, where the damping matrix is a-ssumed 

to be a combination of the mass and reduced stiffness natrices (6,12), 

Rayleigh showed that a damping matrix-of the form 

[C] = ex [M] + S [KJ (III.l) 



where a and S are proportionality factors, will 

satisfy the orthogonality condition given in Section 

II.D. 

~he displaceme~ts, velocities and accelerations 
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of each mass are computed by the recurrance relationships 

given by Eqs.(II.40}. The initial velocities and disp-

lacements are assumed to be equal to zero, and initial 

accelerations are computed by Eq.(II.41). 

The maximum displacements, time and step at 

which these maximum values are detected are printed at 

the end of the execution. The computed displacements, 

velocities and accelerations at every step can also be 

printed depending on the choice of the user. 

The algorithm of the program DSSI is given be 1m.; • 

1. Read the system parameters and control information. 

2. Read the earthquake accelerogram. 

3. Read the mass coefficients, construct the diagonal 

mass matrix [M], form the reduced flexibiJity matrix 

[p], forrothe {u} vector. 

4. Invert [pJ" to obtain the reduced stiffness matrix[KJ. 

5. Compute the Rayleigh damping matrix [Eq. (III.l)] • 
"2 

[ J -- [M] + r·C] ~ + [K-] (t:.t) 6. Compute matrix E ~ 
2 6 

and invert [EJ to obtain [E]-l. 

7. Set the initial displacements and velocities equal 

to zero, and compute the initial acceleration vector 

by Eq. (11.41) . 



8. 

9. 

Increase time (tn = t n - l + [).t).If the integration 

time tn is greater than maximum int-egration time 

t max ' than goto Step 15. 

[).t 

2 
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10. Compute base acceleration dx(tn +l ) by interpolation~ 

11. Compute the acceleration vector from Eq. (II.40a) .. 

12. Compute the velocity and displacement vectors from 

Eqs. (II.40b) and (II.40c), respectively. 

13. Check whether a maximum displacement value has occured. 

14. Go to step 8. 

15. Print the maximum displacement values occured at every 

dynamic degree-of-freedom. 

16. Print the displacement vectors at times when these 

maximum values have occured. 

17. ·Stop. 

Data input description and program listing for DSSI 

are given in Appendix D. 



61 

IV. APPLICATIONS 

The case studies in this chapter are given in 

two sections. In the first section, cases analysed for 

the verification of the computer programs developed 

throughout this study, are presented.In the second section, 

other case studies are given, in which, various aspects 

of the dynamic problem are discussed. The problems were 

solved on the CDC Cyber 170/815 system operating at the 

Computer Center, BogaziQi University, Istanbul. All of 

the problems were solved using single precision arithmetic. 

,A single precision word is 60 bits long in this system. 

IV.A CASES ANALYSED FOR THE VERIFICATION OF THE COMPUTER 

PROGRAMS 

In this section, three problems are given, which 

were solved to test the performances of the computer 

programs PFRAME5 and EIG3. The first two are examples 

on high-rise building frames subjected to lateral fictiti­

'ous static loads. In the third example, the free vibration 

periods of an arch type plane frame are computed. The 
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results are compared with those obtained from Refs. (11) 

and (16) • The program was forced to ~use the out-of-core 

frontal method when solving the two high-rise building 

frames given in Sections IV.A.l and IV.A.2. 

IV.A.l THREE-BAY,20-STOREY BUILDING FRAME 

The plane frame system shown in Fig. IV.A.l is 

analysed by the computer program PFRAME5~ The static 

lateral loads, which represent the fictitious earthquake 

forces, were computed based on a triangular displacement 

distribution assumption. The modulus of elasticity E 

was assumed to be 2000000 t/m2 • Three displacements (two 

translations and one rotation) are allowed at each node, 

except at the supports. The number of unknown displacements 

and the half bandwidth are 240 and 15, respectively. The 

execution time to solve this problem was 145 CP(Central proc-

essing) seconds. 

The horizontal displacement distribution and their 

values are given in Fig. IV.A.2. This problem was pre­

viously solved on a Borroughs 3600 system (16). The results 

obtained from Ref. (16)are also given in the same figure. 

The results'were about the same; the slight difference is 

due to the different word size of the computers. 

It is clearly seen from Fig.IV.A.2 that, the higher 

storeys are undergoing IIshear-type ll deformations, whereas 

the lower storeys are undergoing IIbending-type ll deformations. 
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-
Storey No Ref. (16) PFRAME5 

20 0.3887 0.3885 

19 0.3744 0.3742 

18 0.3558 0.3556 

17 0.3331 0.3329 

16 0.3065 0.3063 

15 0.2855 0.2853 

14 0.2627 0.2626 

13 0.2384 0.2382 

12 0.212'6 0.2125 

11 0.1917 0.1916 

10 0.1703 0.1702 

9 0.1486 0.1485 

8 0.1217 0.1277 

7 0.1103 0.1102 

6 0.0931 0.0931 

5 0.0764 0.0763 

4 0.0602- 0.0601 

3 0.0454 0.0454 

2 0.0312 0.0312 

1 0.0177 0.0176 

FIGURE IV.A.2 Horizontal Displacement Distribution -of 

the problem Given in section VI.A.l 
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This is due to the different b.eam-ko-column moment 

of inertia ratios. For the higher storeys; moment of 

inertias of the beams are larger than the moment of 

inertias of the colurns; however, this situation is just 

the opposite for the lower storeys. Nevertheless, the 

triangular displacement distribution assumption seems 

to be quite reasonable for this case. 

IV.A.2 THREE-BAY, lOa-STOREY BUILDING FRAME 

The hypothetical plane frame system shown in Fig. 

IV.A.3. is derived from the system given in Section IV.A.l 

by extending every storey of that system to five storeys. 

The variation of the cross-sectional properties of the 

columns and the beams along the structure is very similar 

to the system in the preceeding section. The loading 

pattern of the fictitious earthquake forces is also 

similar; one at every five storeys. The material proper­

ties and the boundary conditions are similar as well. 

The number of unknowns and the half bandwidth are 1200 

and 15, respectively. 

The results obtained from Ref.(16) and the solution 

of PFRAME5 are given in Table IV.A.l. The double precision 

results from Ref.(16) are very close to the results of 

PFRAME5, however, the single precision results are not. 

Since the size of a double precision real variable is 

twice th~ size"of a single precision variable, it is 
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Ref. (16) 
Storey No. PFRAME5 

Single IX>ub1e 
Precision (m) Precision (m\ (m) 

100 21.21 17.43 17.4888 

90 18.37 15.08 15.1335 

80 15.48 12.67 12.7190 

70 12.67 10.35 10.3923 

60 9.93 8.11 8.14181 

60 7.43 6.06 6.08652 

40 5.16 4.22 4.23270 

30 3.27 2.67 2.68399 

20 1.76 1.44 1.44836 

10 0.71 0.58 0.581719 
'. 

Execution 80 sees. 134 sees. 54.140 

Time CP sees. 

TABLE IV.A.1 Horizontal Displacements of the System in 

Fig.IV.A.3 



Sto~ey No 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

PFRAMES (m) 

17.4888 

;L5.1335 

12.7190 . 

10.3923 

8.14181 

6.08652 

4.23270 

2.68399 

1.44836 

0.581719 
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--
FIGURE IV.A.4 Horizontal Displacement Distribution of 

the Problem Given in Section IV.A.2. 



clear that the error accumulation due to rounding "is 

extensively large in the single precision case. 

The horizontal displacement distribution of the 

69 

solution of PFRAME5 is given in Fig. IV.A.4. The lower 

storeys are undergoing lib ending type ll deformations; however, 

the displacement distribution is almost linear for the hi-gher 

storeys. It is clear that the horizontal displacements are 

not increasing linearly along the structure; therefore, the 

triangular displacement distribution assumption is not valid 

for this case. 

IV.A.3 ARCH TYPE PLANE FRAME 

The periods of vibration of the arch type plane 

frame given in Fig.IV.A.5 are computed by the computer 

program EIG3. The same problem was previously solved 

on a Borroughs 3600 system(ll). Two translational dynamic 

degrees-of-freedom are selected at every node, except at 

the supports. The massof the system is assumed to be 

concentrated at nodes 1 and 2. 

The results obtai neg from Ref. (11) and the results 

of EIG3 are given in Table IV.A.2. The execution ,takes 

less than a CP second on the CDC Cyber 170/815 computer. 

The computed periods of Ref. (11) and EIG3 are exactly the 

same up to four digits after the decimal point. 
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3 

G m 

3m 

t4m I 4m f4m t 
Element no. 1 and 3 EI = 22680 tm2 , EA = 476280 t. 

Element no. 2 EI = 11340 tm2 , EA = 378000 t. 

m = 2 0.435 t sec 1m 

FIGURE IV.A.5 Arch Type Plane Frame of Section IV.A.3 

Mode No. Ref. (11) EIG3(Sec) 

1 0.1565 0.156484 

2 0.0414 0.0413567 

3 - 0.0184287 

4 - 0.0112753 

TABLE IV.A.2 Periods of Vibration of the System 

Given in Fig.IV.A.5 
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IV.B OTHER CASE STUDIES 

Various case studies are given in this section, 

which were examined to point out the characteristics of; 

single-degree-of-freedom and multi-degree-of-freedom 

vibrating systems subjected to iateral loads. Two types 

of multi-degree-of-freedom systems are investigated; 

multi-storey and arch type plane frames. 

Several aspects of the free and forced vibration 

of these systems were considered, including; effect of 

solution time step and number of modes to be superposed 

on the accuracy of the solution, and for arch type 

structures; effect of slenderness and aspect ratios to 

the symmetry or antimetry of the mode shapes, and to 

the value of the participation factors. It is usually 

easier to guess roughly the mode shapes of high-rise 

buildings; however, more uncertainties are involved with 

arches. The last two examples are on the response spectra 

analysis procedure, and on the fictitious static loads 

approach described in Section II.G. 

Latino Americana Tower earthquake accelerogram 

is used in the forced vibration analyses (17). The 

structures ih all examples are assumed to have no damping. 

The equations of motion are integrated by linear acceleration 

method. 



IV.B.l SPECTRAL ACCELERATIONS FOR VARIOUS PERIODS OF 

VIBRATION 

Undamped spectral accelerations were computed 

for various periods of vibration using the computer 

program SPEC. Numerical integrations are carried out 
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for several different solution time steps. The spectral 

accelerations for smaller periods of vibration are given 

in Table IV.B.I .. Values for larger periods of vibration 

are given in Table IV.B.2. Numbers enclosed in parantheses 

are the times (in seconds) at which these maximums are 

detected. 

It has been observed from Table IV.B.l that, for 

periods less than one second, a solution time step of 

about 0.01 second gives results within three per cent 

accuracy. However, for a time step value of 0.1 second, 

the error in the solution varies from 45 per cent up to 

110 per cent. Hence, for this range of free vibration 

periods it may be recommende:d to select time step values 

less than or equal to 0.01 second. 

For free vibration periods greater than or equal 

to two seconds (Table IV.B.2), solution time steps of 

0.1 second or.less gives results within 1.2 per cent 

accuracy. For this range of periods, solution time 

steps less than 0.1 second can safely be selected. 
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llE (sec) T = 0.20 T = 0.40 T = 0.6 ~ = 0.8 execution 
(sec) t.ime 

0.10 0.812037 0.517121 -.0802375 -0.583594 1.669 
(30.8) (32.9) (29.8) (19.4) (CP sees) 

0.06 -.506043 -0.443263 0.443487 1.03866 2.127 
(58.74) (31.68) (36 ~ 72) (58.26) 

0.01 0.397492 0.365669 0.769837 -1.53932 7.760 
(46.63) (23.98) (58.21) (52.80) 

0.005 0.370657 0.361173 0.752674 -1.54433 14.500 
(33.755) (23.970) (58.200) (52.795) 

0.001 0.386594 0.358933 0.746464 -1.54608 68.418 
(33.952) (23.698) (58.195) (52.791) 

0.0005 0.387150 0.358863 0.746268 -1.54613 136.975 
(33.7515) (23.9675) (58.1955) (52.7910) 

0.0001 0.387335 0.358863 0.746206 -1.54614 682.678 
(33.7516) (23.9676) (58.1952) (52.7912) 

TABLE IV.B.1 Spectral Accelerations for Small Periods of 

Vibration (m/seJ) 

execution 
llt (sec (~~) 1.10 T = 2.00 T = 2.60 T = 3.10 tine 

0.10 0.7813370 1.544301 2.897893 1.429067 1.690 
(48.9) (52.8) (52.5) (57.9) 

(CP secs) 
'. 

0.05 0.6528428- 1.560772 2.910700 1.427083 2.390 
(21.95) (52.70) (52.50) (57.90) 

0.01 0.6665296 1.562965 2.907498 1.425107 7.855 
(21.92) (52.49) (52.49) (57.89) 

'-

0.001 0.6670427 1.563021 2.907426 1.425089 68.911 
(21.915) (52.662) (52.486) (57.885) 

TABLE I~B. 2 Spectral Acce1erQ.tions for Larger Periods 
~ 

of Vibration (m/sec) 
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The execution times are found to be increasing as 

the solution time step decreases. The ratios of the 

execution times are about equal to the ratios of the 

solution time steps. 

IV.B.2 ONE-BAY, FIVE-STOREY BUILDING FRAME 

Free and fprced vibration analyses of the building 

frame (Fig.IV.B.I) are carried out by the computer programs 

PFRAME5, EIG3, MODAL and DSSI (Chapter III). The cross­

sectional properties of the elements of this system are 

given in Table IV.B.3. 

One horizontal dynamic degree-of-freedom is selected 

at every storey, and the reduced flexibility matrix is 

computed by loading each dynamic degree-of-freedom by a 

unit force,seperately. The reduced flexbility, mass and 

dynamic matrices are given in Table. IV .B.4. 

The free vibration parameters, namely, frequencies, 

periods, participation factors, and the orthonormalized 

mode shapes are given in Table IV.B.5. The mode shapes 

of this system ~re shown in Fig.IV.B2. It can be seen from 

Table IV.B.5 that the participation factors; hav~ non-zero 

values, and neglecting their signs, are sorted in decreasing 

order. 

The step-by-step integration is carried out for 

various solution time steps. The maximum displacements 



rr'YPE CROSS AREA MCM.INERI' 
~ina. NO ~ECI'I<N ELEMENTS (cnf') (crn4) cosa. 

1 NP32 1,4 77.7 12510 1.0 0.0 

2 NP34 2,3,5,6 86.7 15700 0.0 1.0 

3 NP34 7,10 '86.7 15700 1.0 0.0 

4 NP36 8,9,11,1~ 97.0 19600 0.0 1.0 

5 NP36 D 97.0 19600 1.0 0.0 

6 NP38 14,15 107.0 24010 0:0 1.0 

'TABLE IV.B.3 Cross-Sectional Properties of the 

Elements of the Frame Given in Fig.IV.B.l 



[FJ = 

[M] = 

-
[F] [M] = 

7.194359 5.510706 3.676370 

4.939812 3.538369 

3.085'6696 

(symmetric) 

7.894 0 0 

11.841 0 

11.841 

(symmetric) 

56.79227 1)5.25227 43.53190 

58.49231 41.89783 

'36.53772 

(symmetric) 

2.039281 

2.003419 

1.901652 

1.532220 

0 

0 

0 

11.841 

t24.14713 

t23.72248 

22.51747 

18.14302 

.6694189 

.6630759 

.6476206 

.5951565 

.3886265 

0 

0 

0 

0 

11.841 

7.926589 

7.851481 

7.668476 

7.047248 

4.601726 

76 

2 
t-sec 1m 

TABLE IV.B.4 Reduced Flexbility, Mass and Dynamic 

Matrices of the Five Storey Building 

Frame 



Mode No. 1 2 3 4 5 

w (rad/sec) 2.56427 8.06166 15.2719 23.4906 31.6202 

T (sec) 2.45028 .779391 .411421 .267477 . .198708 

r 6.57153 - 2.60756 1.72528 1.22202 -.896515 

.205013 .206484 .169649 -.109323 -.0357772 
.-

.177536 .0331116 -.127858 .171675 .0775695 

{<p} .133280 -.135303 -.110326 -.131947 -.137114 

.0799418 -.17220 .128967 -.0325827 .175236 

.0275478 -.083460 .141821 .168940 -.167553 
~--

TABLE IV.B. 5 Free Vibration Parameters of the Five-Storey Building 

Frame 

--.J 
--.J 



mode 1 mode 2 mode 3 mode 4 

FIGURE IV.B.2 Mode Shapes of the Five-Storey Building Frame 

mode 5 

/' 

-J 
(X) 
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computed for each of the dynamic degrees-6f-freedom, and 

the times at which these maximums have occured are given in 

Table IV.B.6. The weighted errors are computed relative to 

the results obtained for the smallest solution time step. 

It can be seen from this table that, as the time step decreases 

the errors in the solutions also decrease. Nevertheless, 

the errors are less than 1.5 per cent for time steps less 

than or equal to 0.05 second. 

Maximum displacement values computed by modal analsis 

are given in Table IV.B.7. It is clearly seen that the 

accuracy of the results increase rapidly as the number of 

modes participating to the modal summation increases. 

Summing the responces of the first two modes, the error in 

the results decrease to about 0.1 per cent, which is a quite 

high level accuracy, as far as the uncertainties in the 

earthquake penomenon are considered. Instead of step~by-step 

integration, carrying out a modal analysis including only 

the first two modes reduces the execution time more than 

50 per cent. 

Displacements at a certain time t=58.385 secon¢l.s com­

puted by modal analysis and step-by-ste~ integration are given 

in Table IV.B.8. The errors in the solution decrease as the 

number of modes included in the modal summation increases. 

The horizontal displacement distribution along the structure 

is shown in Fig. IV.B.3. 



time step (sec l1t = 0.05 l1t = 0.01 l1t = 0.005 l1t = 0.001 

execution time 

(CP sees.)' 7.842 34.136 67.486 333.710 

Storey {y}rnax (m) t (sec) {y}nax (m) t (sec) {y}rnax (m) t (sec) {Y}nax (m) t (sec) 

5 -.341137 58.45 -.337389 58.39 -.336744 58.385 -.336531 58.386 

I 

4 -.289691 58.45 -.286230 58.41 -.286016 58.410 -.285960 58.411 

3 -.214554 58.40 -.210583 59.69 -.211114 59.695 -.211251 59.693 

2 .130289 57.10 .128483 59.73 .128947 59.730 .129138 59.728 

1 .0460746 57.10 .0451889 59.75 .0452513 59.735 .0452463 59.734 ' 

Weighted 

Error (%) 1.351 1.235 0.060 -

TABLE IV.B.6 Maximum Displacements computed by DSSI for the Five Storey Plane Frame 

ex> 
o 



(6t = 0.005 sec.) 

Modes 
SuperpJsed 1 1+2 1+2+3 1+2+3+4 1+2+3+4+5 \ DSSI 

E:{ecution Tine , 

(CP sec) 26.143 30.862 36.000 41.352 46.103 67.486 

~torey No. {y}max (m) t(sec) { y} (m) 
max t (sec) {Y}max (m) t (sec) y} (m) max t (sec {Y}max (m) t (sec {Y1rax (m) 

5 -.328473 58.415 -.337138 58.385 -.336714 58.385 -.336732 58.385 -.336744 58.385 -.336744 
" 

4 -.284449 " -.285694 58.410 -.286023 58.410 -.286035 58.410 -.286016 58.4l0 -.286016 

3 -.213541 " .211337 159.690 .211130 59.695 .211075 59 6C)5 ~?1l114 I <;C) ~hC)<; ~?11114 

2 -.128083 " .128892 159.730 .128952 59.725 .128946 59.730 .128947 59.730 .128947 

1 -.0441373 " .0452939 ~9.755 .0452564 59.740 .0452607 59.735 .0452513 59.735 .0452513 
Neighted 
Error (%) 

1.41289 0.10283 0.00626 0.00798 0.000 -

TABLE IV.B.7 Maximum Displacements Computed by MODAL for the Five-Storey Plane Frame 

t (sec] 

58.385 

58.410 

I~a t:a~ 

59.730 

59.735 

0:> 
~ 



(~t = 0.005 sec.) 

M::>dep 

Superposed ' 1 1+2 1+2+3 1+2+3+4 1+2+3+4+5 DSSI 

5 -.327374 -.337138 -.336714 -.336732 -.336744 - 336744 

4 -.283498 -.285063 -.285383 -.285355 -.285328 -.285328 
" 

{y1t 3 -.212827 -.206429 -.206705 -.206727 -.206774 -.206774 

(m) 2 -.127655 -.119511 -.119188 -.119193 -.119133 -.119133 

. 1 -.0439896 -.040043 -.0396881 -.03gflflO? -.039717g -.0397179 

Weighted 
Error (%) 3.0421 0.1728 0.0242 ' 0.0206 0.0 -

TABLE IV.B.8 Displacements of the Five Storey Plane Frame at 

t = 58.385 sees. 

I 

ex> 
N 



DSSI --. ~-'1 

= 0.005 sec. 

= 58.385 secs. 
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FIGURE IV.B.3 Displacement Distribution Along the Five 

Storey Plane Frame 
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IV.B.3 HIGH-RISE TOWER 

Free and forced vibration analyses of the high­

rise tower given in Fig.IV.B.4 is presented in this 

section. The program PFRAME6 is used for the computation 

of the reduced flexibility matrix. Geometric, cross­

sectional and material properties, and the mass distri­

bution along the tower are given in Table IV.B.9. Ten 

horizontal dynamic degrees-of-freedom are selected, and 

the structure was idealized consisting of 10 constant 

cross-section plane frame elements. The cross-sectional 

properties are chosen such that every element represents 

that part of the tower at which it is located. 

The free vibration analysis results are give~ in 

TABLE IV.B.lO. Mode shapes of the system are shown in 

Fig. IV.B.S. Neglecting their signs, the participation 

factors are sorted in decreasing order up to the sixth 

mode. Participation factors of the seventh and the lower 

modes are relatively larger than that of the sixth mode. 

The step-by-step integration results are given "in 

Table IV.B.ll. For sulutipn time steps greater than 

about 0.06 second the integration diverges. The ~/8t 

ratios for diyerging time steps are given in Table IV.B.12. 

It is clear that the integration diverges for TIO /8t"values 

approximately less than 2.0. The error in the converging 

solution with the largest solution time step (i.e., the 

case 8t = 0.006) is less than 0.15 per" cent. The accuracy 
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platforms 1,.2 d = 25 m. 

platform 3 d = 40 m. 

live load on the platforms ; q 

g = 9.81 mlsee 2 

y = 2.4 Tim 3 

E 2100000t/m 2 = 

OUter 

Section Diameter Ir'hickness Area 
No. (m) (m) (m2) 

1 4.0 0.40 2.38761 

2 4.5 0.42 2.83026 

3 5.0 0.44 3.30370 

4 5.5 0.46 3.80792 

5 6.0 0.48 4.34294 

6 6.5 0.50 4.90874 

7 7~0 0.52 5.50533 

8 7.5 0.54 6.13270 

9 8.0 0.56 6.79087 

10 8.5 0.58 7.47982 

11 9.0 0.60 8.19956 

t = 50 ern. 

't = 50 

= 0.75 t/m
2 

ern. 

Moment of 

Inertia Mass 
(m 4) . 2 

(t-see 1m) 

4.32157 2.921 

6.52665 104.498 

'9.45552 257.872 

13.24482 106.890 

18.04230 10.625 

24.00680 12.009 

31.30824 13.469 

40.12766 15.004 

50.65715 16.614 

63.09993 18.299 

77.67030 10.030 

TABLE IV.B.9 Various Properties of the High-Rise 

Tower 
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MJde No. 1 

,w (rad/sec) 1.13336 

T (sec) 5.54384 

-
:r:: 22.1020 

1 .0662972 

2 .0556022 

3 .0449842 

4 .0347805 

{<j>} 5 .0255149 

6 .175603 

7 .0110866 
! 

8 .0061~'7()'? 

9 .00268510 

10 .00066680~ 

'2 3 4 5 6 7 8 9 

9.76900 27.1876 46.7756 92.5948 104.676 176.350 282.144 397.607 

.643176 .231105 .134326 .678568 .0600248 .035629 .0222694 .0158Q2~ 

1-5.22336 3.99065 -2.81374 2.72025 ' -.912170 2.14723 -1.65434 -1 .288h.:1 

.141459 .134455 .138993 .200001 .490105 .017609 .0053039' f- 0019412':l 
, 

.0615055 .03376~§ .0154532 -.0091685' -.034!im 1-.002.:1Mil' J)nnR~ .cJI~ -.oomt;ra;(. 

!-';0110163 -.0282146 1-.0270026 -.00301it8: -.0135825 .00338478 .0015203 -.000631606 

1'-.0568555 .0082433 .0577872 .0274074 -.0173535 .0178798 -.0103932 .00497243 

.0723764 .0736422 .0476819 -.100119 -.0162762 .166442 170804 ~11l91? 

.0673833 .117105 1-.0264987 -.145229 .0517246 .0525233 -.107038 .151403 

.0523939 .122677 1-.0877439 -.037108S .0247356 .133612 -.0501266 .135680 

1-.0335944 .0958811 1-.100063 .0919710 -.0259802 .0479434 .130859 .0t::AAt::18 

1-.0164200 .0536771 r.0683295 .119070 -.0431494 114456 -.0391111)4 ..nsoq-:tn'7 

t- .00444361 ~~cl59658 .0228554 .0521439 1-.0203153 .0878691 ';".110611 .117662 

TABLE IV.B.10 Free Vibration Parameters of the Tower 

10 

519.660 

.0120909 

·1 1t:ihO? 

.00035.9.4L 

r-.ol 

.000123522 

-.0010623 

.O?9011 q 

-.0553199 

.886860 

-.1?1.:171 

1 -:tAl g~ 

-.130071 ex> 
.....: 
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FIGURE IV.B.5 Mode Shapes of the Tower 
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i , 
! 

-Tiire-Sfep 

II 
.. 

(sec) 0.006 

Execution t~1 
_lcp sees) I! 158.619 

. 

I, 
I: 

1 11-.112030 

i! 
1:-.0918747 2 

; 
1 

\ 
,I 
'I 

! 3 !i-.0761047 
! iI I 14 1!-·0612093 

! II 
: {y} (m): 5 ;1-·0464689 

max I,' ii 
il ! 6 ,i-.0329294 

i i 7 :j-.0213171 
! 
I 

\8 
;i 

1\-.0120542 

i 11 

j 9 1!-.00537091 
!; 
II 

I 10 H-.00135444 

i Weighted i \' 
_' _~o_r ___ (%_) __ ~i __ ~_._12_4_8 __ 

89 

0.005 TO.0025 I -~~~ 
190.001 375.969 1936.425 

I ! I 

'-.112112 \-.112238 i -.112233 
I 
I 
• 

I i 1 

I 1 

'-.0919153 -.0919982 ! -.0920229 ! 
I 

:-.0760916 
i 

1-.0760846 1-·0760841 
I 

!-.0612195 \'-.0612111 i -.0612062 
I 
I 

:-.0464843 ! -.0464873 : -.0464776 

i i ; 

1-.0329382 ! -.0329658 i -.0329588 
I ! 
I 

: -.0213631 :-.0213197 -.0213694 
1 , 

1-.0120584 :-.0120965 : -.0121125 
1 

I i 

1-.00537562 
! 
:-.00539574 : -.00541028 

i-.00135666 \-.00136218 -.00136759 

i 
I 0.0923 0.0204 1. 

TABLE .IV.B.11 Maximum Displacements Computed by DSSI 

for the High Rise Tower 

fl t (sec) T1/flt TIO/flt Status 

0.0500 111 0.24 Diverged 

0.0100 554 '. .1.21 .. 

0.0075 739 1.61 .. 

0.0070 ' 791 1.73 .. 
I 

0.0065 853 1.86 .. I 

0.060 924 2.02 Converged 

TABLE IV.B .12 T / Lt Values for 'Diverging 

Time Steps 
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further improves for smaller values ~t. 

The rusults of the modal analysis are given in 

Table IV.B.13. The error in the results decrease to 

about 0.3 per cent for the case which the first three 

modes are superposed. Further contribution of the lower 

modes slightly decrease the error; however, ,for the case 

when all the modal responses are summed still an error 

of 0.28 per cent is retained. This is probably due to 

the computation error in the lower modes introduced from 

the eigenvalue solution. 

The displacements of the system at t = 48.52 seconds 

are given for various modal contributions in Table IV.B.14. 

The displacement distribution is shown in Fig. IV.B.6. The 

per cent error for the case when only first mode is contri­

buting is ,about 5.7 and decreases to about 0.40 per cent 

when all modes are contributing. 

It can be clearly seen from Figures IV.B.3 and IV.B.6 

that the first mode is dominating the structural response. 



(tlt = 0.0025) 

~s~~II~~_ .. _J_-~1+2 -.--,--.----~·--~-----r-~-
Execution 

1+2+3+4+5 

1+2+3 . In ~:.~~~~~-"-"_Jl+2+3+4+~~J+~~?+~?-I-!Qj----!?§§I=.== 

_time (~secs~IL~~.~~~!-l----?~.~.~~?--~L- ~~ .833 I 108.077 124 .• q.~8_L'!~?..:Q4 ~ 375 • ~§~_ 

1 -.111865 -.110971 - .11214_0 _-1-= .112±§LI-=~J-]17Q - .112172 __ L=..112238_ -H------·--···---·· 

2 -.0930688 ~.0919124 1-.0919047 -.0919057 1-.0919060 -.0919055 -.0919982 
----t,-~---.-- .-. -- . -. -

3 -.075764'4 1 -.0757645 1 -.0757646 1 -.0760841 
--._"---_ .. _---.~-.---.-.--- --~-- .. _----j-----

-.0752960 I -.0758137 1-.0757639 
II -----+----------

4 -.0582168 1 -.0609200 1-.0609326 
--IJ---------- _____ f. __ • 

-.0609343 1-.0609335 
-.----- -. Q§Q2~~~L-:-..!.Q§!2111 

5 
I-

{Y}max 16 
-.6~~.7 .o7f~Q461573 t=~1§~7±+!.Q1§~7Q§-j. - ..•.. Q. :H~G7. 45-1.':: ... 04627.41+.04.64 .. 873-

1-1f-~ ___ ~~:3~~_~_L~·032~!~~l=.:5!..~~_~.09~ __ ..l-=.0~~~~?5_ L~·0_~2~~~.? __ ,.~~~328_~~~_._J:.=~~3~~?~.~. __ _ 

(m) 7 1-11--:-.:.0185571 I -.02105841- • .0212599 

8 II -.0102724 
1=--11-;-·--- -. . - .. '-- -.0118768 ~.0120376 

-.0212661 1-.0212674 -.0212678 I -.0213631 

-~0~?94~4_.I::-:~QJ.1Q1~7. __ L::-!O;L2Q439_L::.012096~ 

~ [~~~~:::~~ ~ :~::!~:~!~~:~!~!!::!_:. ~: ::~:::::~:~::::~::_:.~:::~:!!:-;~:::~:::~:c 
I .---.-._--,,--.. -
IWeighted 
Err<?~~[_4_·_~_?~~~_L. __ ?~~~~6_4. __ I..:_0.29425 ____ ._o.~ ~82?~J_2 ~?~9.~~.J __ Q_~ ~~O??_-L ___ : __ . __ _ 

TABLE IV.B.13 Maximum Displacements Computed by MODAL for the High-Rise Tower ~ 

I-' 



(fit = 0.0025) 
----- ---_.- '.-------~' 

l-bdes 

SUperposed 1 1+2 1+2+3 1+2+3+4 

+2+3+4+5+6 

1+2+3+4+5 ~7+8+9+10 DSSI 

1 -.104349 - .110~~~_1_~~_!~~~§~=:_10~~3~ __ ,., ____ , __ , -.104343 -.104339 -.104705 

-.0904892 -.0901389 -.0901383 -.0901386 - __ 1-______________ .. _-1 __ . ___ . _. _ .... ______ _ ~1L=-!Q~~Q~~1--, _ I.: !Q90Q9?5 _,I-~0901372 

2-1l_~_.,~?_~26~~_1_- .0757971 __ t· 0757597 -.0757579 1-.0757579 1 -.0757578 1 -.0760841 

4 II -.0581965 1 -.0609179 1-.0609288 1-.0609327 1-.0609320 1 -.0609321 1-.0612111 

{y} 12-11-: ~p.~~?~~~_L::-:2~§!??~-.J-~2~§~§~~----I-~g~~~:?!9 ___ ~_I_-· 0~~_~~g? __ I-=-:~~~~_~_?_~_L~?_~64 777 
max 

-.0329338 ~~2~~?~?7 __ I-~'O~???~? __ J __ -~0~2?794 __ .' _ _ _, ____ _ ~IL -. Q~~~§~7 __ L=!Q~?~??~_I:~Q~?7775 
(m) 

7 II -.01855~~ -=.021~~~tr :~2~210 r. 021~150 _ ~:~212161 _-:._~2.1215~_ -=:~21~14 7 

8 II -.0102689 -.0118768 -.0120039 -.0119971 -.0119945 -.119947 -.0120497 ------ --------- --------------:1--------
9 /1-.00449284 -.00527877 -.00534991 -.00534526 -.00534196 -.00534250 -.00536654 

10 1I-.001115;!t:~;;;:~~~~; ~.001~~~59 1-.0~1348~f~;0134659 -.00l3~~~;- -~.~~;:;~;8;-
~~~!!~. I: 5.6628_-_ •.. 0 .596: I·0·~~;3~lu_0.~~3~ ___ I·0:; ._ =;;.~~;]=~~~.~ 
TABLE IV.B.14 Displacements of the High-Rise Tower at t, =' 48.52 sees. 

1.0 
N 



mode 1 

= 0.0025 sec. 

t = 48.52 secs. 
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FIGURE IV.B.6 Displacement Distribution Along the Tower 

. I 



94 

IV.B.4 SYMMETRIC ARCHES 

In this section, free and forced vibration analysis 

results for four arches are given. All of the arches are 

symmetric in terms of stiffness and mass distribution. A 

typical constant cross-section, circular arch is shown in 

Fig. IV.B. 7. 

The free vibration mode shapes of all arches are 

either symmetric or antimetric. The participation factors 

coupling the inertia of the structure to the horizontal 

component of the earthquake motion are found to be equal 

to zero for all the symmetric modes. This implies that 

only the antimetric modes are contributing to the response 

of the arches, when they are subjected to a horizontal base 

excitation. 

The slenderness and aspect ratios of the arches are 

affecting the first mode shape being symmetric or antimetric(ll). 

The free vibration properties (frequencies, periods J 

participation factors and mode shape vectors) of Arch No.1 

are given in TABLE IV.B.lS·The geometric characteristics, and 

stiffness of Arch' No.1 are given below: 

f = 20 m r = 0.25 m. 

L = 100 m Sir = 440 

S = 110 m flL = 0.2 

EI= 23668.642 tm
2 

EA= 378408.42 t 



95 

f 

L 

f = height of the arch 

L = length of the span 

S = arch length 

EI = flexural stiffness 

EA = axial stiffness 

r = radius of gyration (=/EI!EA) 

f/L= aspect ratio 

S/r= slenderness ratio 

FIGURE IV.B.7 Typical Arch 



---, 
I llide No - 1 2 3 5. 6 7 - ----A.. - -

w(rad/sec) 2.35231 4.46353 8.06168 11.6869 16.5768 20.631 25. 29il8.· 

T (Sec) 2.67107 1.40767 .779390 .537625 .379036 .304963 .248399 

r ,..1. 66896 0.0 .978132 0.0 .673877 0.0 .418524 

-
3 .106730 -.1514fiL -.255675 -.272095 -.344934 --224530 - 279R82 

5 .300611 -.284160 -.307109 ~0226490 .124419 .446347 .399184 

7 .391008 -.0610642 .182798. .515578 ~8~~ .0646694 -.335498 

9 .275341 .373024 .447601 .145226 . -.380343 f-.141937 .219209 

11 0.0 .593748 0.0 -.345002 0.0 .544175 0.0 
{:~} (y) 

13 -.275341 .373024 -.447601 .145226 .380343 .141937 -.219209 

15 -.391008 -.0610642 -.182798 .515578 -.348439 .0646694 .335498 
-

l7 -.300611 -.284.160 .307109 -.0226490 -.124419 .446347 -.399184 

19 -.106730 -.157461 .255675 -.272095 .344934 -.224530 .279882 -
3 -.844986 .126169 .204854 .223759 .282430 .20219.4 .235816 

5 -.199281 .205088 .243312 .0901558 .0167486 -.178497 -.166098 

7 -:~237540 .120407 -.0503121 -.127284 -.0846184 -.0250469 .126340 

9 -.212777 .0201110 -.0177069 -.046e67,3 .0865745 .465285 .00585496 

11 -.192647 0.0 .0116297 0.0 .0683287 0.0 -.0126614 

{p} (xl 
13 -.212777 .- .0201110 - 0177069 .0468673 .0865745 -.0465285 .00585496 

15 -.237540 -.120407 .0503121 .127284 -.0846184 .250469 .126340 

17 -.199281 -.205088 .243312 -.0901558 .0167486 .178497 -.166098 

19 -.0844986 -.126169 .204954 -.223759 .282430 -.202194 .235816 
-- .- -----

TABLE IV.B.l5 Free Vibration Properties of Arch No.1 

8 9 

26.3614 28~4266 

238348 .221032 

0.0 0.0 
-

.267914 .299034 

.308728 -.138606 

.09415199 .414727 -

.515061 -.197822 

-.00389329 .460825 

.515061 -.197822 

.0946199 .414727 

.308728 -.138606 

.267914 .299034 

-.164210 -.219469 

-.150492 .0653422 

-.0174632 -.135330 

-.0794349 .0295394 

0.0 0.0 

.0794349 --,.0292396 

.0174632 .135330 

.150492 .0653422 

.164210 .219469 

10 

61.2030 

.102661 

2.014661 

.242278 

.245412 

.210560 

.117502 

0.0 

.117502 

.210560 

.245412 

.242278 

.00145865 

.150798 

.279990 

.371275 

.403850 

.371275 

.279990 

.150698 

.00145865 

, 
, 

I 

\D 
0'\ 



The arch is represented by 20 elements and the mass is 

assumed to be concentrated at nine nodes. Two dynamic 

degrees-of-freedom are selected at each of these nodes 

9'7 

(in X and Y translational directions~ The mass influence 

coefficients in each dynamic degree-of-freedom is 1.00489 tsec2/m. 

For this arch, the first mode shape is found to be antimetric 

(See Fig. IV.B. 8). The step-by-step integration is carried 

out for several time step values, and the maximum displacements 

are given in Table IV.B.16. The computed maximum displacements 

from modal analysis are given in Table IV.B.17. Displacements 

of Arch No.1 at a certain instant are given in Table IV.B.18. 

The displaced shape at that instant is given in Fig.IV.B.9. 

To find the effect of the slenderness ratio on the 

shape of the first mode shape the Sir is reduced to 25. 

This is achieved by choosing an axial stiffness, EA, of 1215.0 

tons. For this arch (Arch No.2), the first mode shape is 

found to be syrnmetric(TABLEIV.B.19). Maximum displacements 

computed by computer programs DSSI and MODAL, and the disp­

lacements at t = 24.48 seconds are given in Tables IV.B.20 

to IV.B.22, respectively. 

The slenderness ratio of the circular arch is set to 

a constant value (Sir = 25), and the aspect ratio (f/L) .is 

decreased to 0.05. The geometric and stiffness properties 

of this new arch, Arch No.3, are given below: 
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mode 1 
mode 2 

mode 3 
mode 4 

mode 5 mode 6 

mode 7 mode 8 

mode 9 
mode 10 

FIGURE IV.B.B Mode Shapes of Arch No.1 
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rrirne Step (sec) ilt=O.Ol ilt=0.005 ilt=0.0025 ilt=O.OOl 

Eecution Time 264.823 516.873 1034.620 (cp sees) 2586.792 

3 ~.0947778 -.0948353 -.0948015 /-.0947958 

5 ~.256027 -.256152 -.256232 -.256257 

7 f-.32!1984 -.324634 -.324575 -.324569 

9 1f-.235744 -.235900 -.235919 -.235924 

{y} (Y) 
11 I 0.0 0.0 0.0 0.0 

nax 13 .235744 -.235900 .235919 .235924 

15 .324984 .324634 .324575 .324569 

17 I .256027 .256152 .256232 .256257 

I 
·6948353 ~ 19 1-.0947778 .0948015 .0947958 

3 .0751106 .0751527 .0751270 .0751174 

5 II 
.170768 .170846 .170888 .170897 

7 11-.198205 -.198212 -.198220 -.198224 

9 1-.177258 -.177281 -.177284 -.177290 

{y} (x) 11 1-·160657 -.160705 1-·160716 -.160721 

max 
1-.177284 13 -.177258 -.177281 -.177290 

(m) 15 1~.198205 -.198212 . -.198220 -.198224 

17 1 .170768 .170846 .170888 .170897 

19 .0751106 .0751527 .0751270 .0751174 

Weighted (%) 
0.066 0.020 0.004 -

Error 

TAB E IV B 16 Maximum Displacements Computed by DSSI L .• 

for Arch No.1 



(lit = 0.01 sec.) 

-
H:x,es 1+2+3+4+5+6 

SUFE'-!Xlsed 
1 1+2 1+2+3 1+2+3+4 1+2+3+4+5 ... 7 

--
ExeCl.:-::'on 

TiiE 
(CP 5::5) 22.608 28272 33.743 39.073 . 44.656 55.264 

i 3 .0889197 .0889197 -.0943309 -.0943309 -.0946843 -.0947805 
- -

5 .250447 .250447 1-.256281 -.256281 -.256156 -.256035 

7 .:325758 __ .3257~~ -.325139 -.~25139 -.324892 -.324981 

q ??Q""1Q4 .??Q'Q4 =..235fiOh - 235hOh ~?""1C;R17 -.?""1C;745 
y 

11 0.0 0.0 0.0 0.0 0.0 0.0 {Y} 
Ira.-': 

13 -.229394 -.229394 .235606 .235606 .235817 .235745 

(m) 
.-

15 -.325758 -.325758 .325139 .325139 .324892 .324981 

J2 -.250447 -.250447 .256281 .256281 .256156 .256035 .. 

19 -.0889197 -.0889197 .0943309 .0943309 .0946843 .0947805 
r-----.- .-- -- ----. .----_ .. 

3 -.0703979 -.0703979 .0747397. .0747397 .0750292 .0751102 

5 -.166026 -.166026 .170798 .170798 .170814 .170764 .-----
7 -.197901 -.197901 -.198245 -.198245 -.198156 -.198192 

{Y} (x) 9 -~77270 -.177270 -.177158 -.177158 -.177243 -.177245 

rrax 11 -.160499 -.160499 -.160572 -.160572 -.160638 -.160643 

(m) 
13 -.177270 -.177270 -.177158 -.177158 -.177243 -.177245 .- ----
15 -.197901 -.197901 -.198245 -.198245 -.198156 -.198192 

17 -.166026 -.166026 .170798 .170798 .170814 .170764 

19 -.0703979 -.0703979 .0747397 .0747397 • 0750292 .0751102 

Weightee. 1. 7612 1. 7612 Error (%) 
0.0978 0.0978 0.036 0.0032 

TABLE IV.B.17 Maximum Displacements Computed by 'MODAL for Arch. No.1 

1+2+3+4+5+6 
DSSI +7+8+9+10 

72 .524 264.823 

-.0947782 .0947778 -
-.256026 .256027 

-.324984 .324984 

- 215744 .2.73574_4 __ 

0.0 0.0 

.235744 .235744 

.324984 .324984 

.2560~~ 1-:156021-._ 

.0947782 .0947778 

.0751102 .0751106 

.170769 .170768 

-.198205 -.198205 

-.177257 -.177258 

-.160657 -.160657 

-.177257 -.177258 

-.198205 -.198205 

.170769 .170768 

.0751102 .0751106 . 

0.0002 -

l-' 
o 
o 



(lit = 0.01 sec) 

-
r-lodes 1 1+2 1+2+3 1+2+3+4 1+2+3+4+5 1+2+3+4+5 

Sup:rposed +6+7 

3 .0889197 .0889197 .0905272 .0905272 .0908629 .0909547 

. 5 .250447 .25044, .252377 .252377 .252256 .252125 

7 .325758 .325755 .324609 .324609 .324270 .324380 

9 .229394 .22939~ .226580 .226580 .226950 .226878 

{y} (Y) 11 0.0 0.0 0.0 0.0 0.0 0.0 
t 

13 -.229394 -.22939'; -.226580 -.226580 1-.226950 -.226878 

15 -.325758 -.325755 -.324609 -.324609 1-.324270 -.324380 

17 -.250447 -.25044"7 -.252377 -.252377 .252256 -.252125 

19 -.0889197 -.0889197 -.0905272 -.0905272 .0908629 -.0909547 
'. --- .- -

3 -.0703979 -.07039:"9 -.0716864 -.0716864 .0719613 -.0720387 

5 -.166026 -.166026 -.167556 -.167556 1-.167572 -.167518 -
7 -.197901 -.197902- -.198217 -.198217 1-.198135 -.198176 

9 -.177270 -.177270 -.177158 - 177158 I- 177243 - 177245 
{y} (x) 11 -.160499 -.160499 -.160572 -.160572 1-.160638 -.160643 

1: 
13 -.177270 -.177270 -.177158 -.177158 1-.177243 -.177245 

15 -.197901 -.197902- -.198217 -.198217 1-.198135. -.198176 

17 -.166026 -.166026 -.167556 -.167556 1-.167572 -.167518 

19 -.0703979 -.0703979 -.0716864 -.0716864 -.0719613 -.0720387 
Weighted 

Error (%) 0.6992 0.6992 0.1113 0.1113 0.0380 0.0039 
-~-------~---.----- --- --

TABLE :ruB.18 Displacem~nts of Arch No.1 at t= 58.54 secs. 

1+2+3+4+5 
+6+7 +8+9+1( 

.0909463 

.252117 

.324373 

.226874 

0.0 

-.226874 

-.324373 

-.252117 

-.0909463 

-.0720386 

-.167523 

-.198186 

-.' 77257 

-.160657 

-.177257 

-.198186 

-.167523 

-.0720386 

0.0002 

DSSI 

.0909465 

.252117 

.324373 

.226874 

0.0 

.226874 

.324373 

.252117 

.0909465 

.0720383 

.167522 

.198186 

.177258 

.160657 

.177258 

.198186 

.167522 

.0720383 

-

! 

i 

I-' 
o 
f-' 



lit = O.Ols·ec 

t = 58.54 secs 

J 

FIGURE IV.B.9 Displaced Shape of Arch No.1 at t = 58.54 secs. 

f-' 
o 
f'..j 



-~-

r1:Jde No - 1 2 3 4 5 6' 

w (rad/sec) . 1.56200 2.23251 3.63608 4.86883 6.67687 8.10044 

. 
T (sec) 4.02252 2.81440 1. 72801 1.29049 .941038 .775660 

r 0.0 -2.1611~ -1.81428 0.0 0.0 .597586 

3 .0620019 .0785806 -.133016 -.180152 .190775 -.250434 

5 .184947' .238258 -.285005 -.376179 .280151 -.320949 

7 .1%<;14 _11~:m'1 -.14Q868 - 227541 162295 .120130 

9 .461921 .223100 -.244370 .166292 -0.844289 .378667 
{q.} (y) 

11 .510519 0.0 0.0 . .377461 -.213372 0.0 

13 .461921 -.223100 .244370 .166292 -.0844289 -.378667 -
15 336534 -.315205 .349868 :-_.227541 .162295 -.120130 

17 _lR4q47 -_23R25.R .2R<;OO<; -.17fi17Q _2R01'11 _120Q49 

19 .0620019 -.0785806 .133016 -.180152 .190775 .250434 

3 .00603322 -.986892 -.0828962 .151864 .192827 .216632 

5 -.0177335 -.231060 -.141494 -.290593 .322545 .285699 

7 -.01fi7211 -.297381 - 215832 ~235352 .355587 .0474402 

9 -.0296089 -.301381 -.296237 .100186 .242479 -.152621 

{cj>} (x) 11 0.0 -.293607 -.332535 0.0 0.0 -.199629 

13 .0296089 -.301381 -.296237 -.100186 -.242479 -.152621 

15 .0367233 -.297381 -.215832 :-.235352 -.355587 .0474402 

17 0177335 - 231060 -.141494 - .• 290593 -.322545 .285699 

19 -.00603322 -.0986892 -.0828962 -.151864 -.192827 .216632 
.-~----- .. -

TABLE IV.B.19 Free Vibration Properties of Arch No.2 

7 8 

9.70617 11.8586 

.647339 .529843 

.606018 0.0 

-.262263 .184492 

-.245281 .100717 

.0524175 -.251959 

.209873 -.0197454 

0.0 .310573 .. 

-.209873 -.0197454 

-_.0524175 -.251959 

.245281 .100717 

.262263 .184492 

-.262176 -.350445 

-.328028 -.252769 

-.130848 .224267 

.219020 .322932 

.400995 0.0 

.219020 -.322932 

-.130848 -.224267 

-.328028 .252769 

-.262176 .350445 

9 

U.6835 

.-!95384 

0.0 

.398358 

.152660 

-.333546 

-.J690376 

.309213 

-.J690376 

-.333546 

.152660 

.398358 

.200187 

.124859 

-.137885 

-.277615 

0.0 

.277615 

.137885 

-.124859 . 

-.200187 

10 

14.8275 

.423753 

.449367 
--

.116840 

-.0303845 

.0552084 

-.176829 

0.0 

.0176829 

.0552084 

.0303845 

-.116840 

.418220 

.0289632 

-.447094 

-.00450289 

.456007 

-.00450289 

-.447094 

.0289632 

.418220 

I 

I-' 
o 
w 
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Time Step 
(sec) L'lt=O .1 L'lt=0.05 L'lt=O.Ol L'lt=0.005 

~xecution TiIre 
(CP sec) 30.123 55.808 262.050 521.053 

3 .0627173 .0624591 .0625224 .0624976 

5 .172145 .171427 .171734 .171755 

7 .226700 .227127 .227209 .227194 

{y} (Y) 
9 .161974 .163279 .163284 .163298 

!PaX 11 0.0 0.0 0.0 0.0 

13 -.161974 -.163279 -.163284 -.163298 

(m) 15 -.226700 -.227127 -.227209 -.227194 
". 

17 -.172145 -.171427 -.171734 -.171755 

19 -.0627173 -.0624591 -.0625224 -.0624976 

3 -.0615298 -.0622995 -.0619336 -.0619013 

5 -.134905 -.137509 -.137591 -.137591 

{y}(x) 
7 -.177199 -.178277 .178340 .178378 

!PaX 

(m) 9 -.190771 -.191267 -.192195. -.192212 

11 -.192578 -.193340 -.194359 -.194386 

13 -.190771 -.191267 -.192195 -.192212 
'. 

15 -.177199 -.178277 -.178340 .178378 

1=7 -.134905 .137509 .137591 .137591 

19 -.0615298 -.0622995 -.0619336 -.0619013 

Weighted Error 
0.194 0.015 (%) 0.697 -

TABLE IV.B.20 Maximum Displacements Computed by DSSI 

for Arch No.2 



" 

(£It = 0.01 sec.) 

M:xJes 1+2+3+4+5 1+2+3+4+5 ~+2+3+~+5 
SUperp::lsed 1+2 1+2+3 +6 +6+7 ft6 +7 +8.,.9+10 DSSI 

-
Execution 
Time 
(CP sec ) 28.172 ~3.792 49.948 55.955 72.367 262.050 

3 -.0413275 .0645780 .0624971 .0625140 .0625B7 .0625224 

5 -.125306 .174540 .171501 .171721 .171713 .171734 

7 -.165774 .226023 .227330 .227230 .227~13 .227209 

q -.117«<1 ,159391 .163857 .163294 .163288 .163284 
{y} (Y) 11 0.0 0.0 0.0 0.0 0.0 0.0 

max 
13 .117334 -.159391 -.163857 -.163294 -.163~88 -.163284 

15 .165774 -.226023 -.227330 -.227230 -.227213 -.227209 
(m) 

17 .125306 -.174540 -.171501 -.171721 -.171713 -.171734 

19 .0413275 -.0645780 -.0624971 -.0625140 -.0625437 -.0625224 
-

3 .0519031 -.0608325 .0633572 .0619327 -.061.9239 -.0619336 

5 .121520 .135369 .139348 .137598 .137578 .137591 

{y} (x) 
7 .156400 -.178358 -.178768 -.178101 .178344 .178340 

max, 

~ 158504 -.192109 -.191066 -.192165 -.192:65 -.192195 

(m) 11 .154415 -.193635 -.192446 -.194442 -.194~00 -.194359 

13 .158504 -.192109 -.191066 -.192165 -.192:65 -.192195 

15 .156400 -.178358 -.178768 -.178101 .178344 .178340 

17 .121520 .135369 .139348 .137598 .• 13/578 .137591 
" 

lq 0519031 -.0608325 .06l~?72 .0619327 -.06~9239 "".0619336 

Weighted 
78.37 1.05 0.51 0.03 0.01 

~qr (%) -
-

TABLE IV.B.21 Maximum Displacements Computed by MODAL fer Arc~ No.2 

~ 
o 
Ul 



(~t 0.01 sec.) 

Modes 1+2+3+4+5 1+2+3+4+5 1+2+3+4 ... = 
Superposed 1+2 1+2+3 +6 +6+7 +6+7+8+9-10 

- -. _. -- -

3 .0385540 .0187230 .0203086 .0216254 .02162:8 

5 .116897 .0744061 .0764382 .0776697 .07767:::-1 

7 .154649 .102488 .101728 .101465 .101466 

9 109460 _.0730273 .0706497 .0695760 .069576-1 

{Y} (y) 11 0.0 0.0 0.0 0.0 0.0 
-. 

t 13 -.109460 -.0730273 -.0706297 -.0695760 -.0695764 

(m) 15 -.154649 -.102488 -.101728 -.101465 -.1014E6 

-.!L. -.115897 ::-.0744061 -.0764382 - ..:::..:.!1J}6697 -.07767J4 

==---~~ ::-~= ~85.~.ifL" ~~31L=-~~3Q8ii.= ==-,.Q.n6.2.5 4.~ : -~J:~2~~~ 
3 -.0484199 -.0607787 -.0621504 -.0608340 -.0608~33 .. 

5 -.113365 -~134460 -.136269 -.134622 -.134623 

7 -.145904 -.178082 -.178383 -.177726 -.1777:5 
{Y} (x) q - 1478fi7 - .192032 -.191066 -.192165 -.192'6= 

t 
11 -.144052 -.193629 -.192365 -.194379 -.1943c9 

13 -.147867 -.192032 -.191066 -.192165 . -.1921E5 

(m) 
15 -.145904 -.178082 -.178383 -.177726 -.1777:5 

17 -.113365 -.134460 -.136269 -.134622 -.134623 

lq - .04fl41QQ - .• _q_607J87 -.621504 -.0608340 -.060_8';33 
Weighted 
Error (%) 30.4643 1.2629 1.0329 0.0228 0.004 

TABLE IV.B.22 Displacements of Arch No.2 at t 24.48 sees. 

DSSI 

.0215925 

.0777088 -

.101433 

.0695939 

0.0 

-.0695939 

-.101433 I 

-.077708~ 

~~159~~= 
-.0608519 

-.134612 

-.177709 

-.192195 

-.194348 

-.192165 

-.177709 

-.134612 

-.0608519 

-

I-' 
o 
Cf\ 
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f = 5 m r = 4.027 m. 

L = 100 m. Sir = 25 

S = 100.67 m. flL = 0.05 

EI = 23668.642 tm
2 

EA = 1459.801 t 

The mass at each dynamic degree-oi-freedom is 1.00489 tsec
2

/m. 

The free vibration properties of Arch No.3 are given 

in Table IV.B.23. The first mode shape is found to be 

symmetric for this arch. Maximum displacements computed by 

programs DSSI and MODAL are given-in Tables IV.B.24 and 

IV.B.25, respectively. The displacements computed at a 

certain instant are given in Table IV.B.26. 

Arch No.4 is a parabolic arch with geometric and 

stiffness properties; 

f = 50 m. r = 4.647 m. 

L = 50 m. Sir = 25 

S = 116.17 m. flL = 1.0 

23668.642 tm 
2 

EI = 

EA = 1096.146 t. 

The first mode shape vector is antimetric for Arch No.4. 

Free vibration 'properties, maximum displacements computed 

by step-by-step integration and modal analysis, and 

displacements at t = 58.175 are given in Tables IV.B.27 

to IV.B.30. 



o -- -------.----. 

lob::.: ~o. 
1 2 3 4 5 6. . 

. . ~~ ... 
.0- .. -- - -

w (:-ad/sec) 1.14138 2.92164 3.80040 5.78209 7.44323 9.52884 

T (sec) 5.50492 2.15057 1.65330 1.08666 .844147 .659386 

r 0.0 -.862017 2.69541 0.0 0.0 .192755 
- --- - - - '""= = 

3 .0598015 .135306 .0510247 .237540 -.0584636 -.331356 

5 .194636 .362016 .115439 .466803 -.0876126 -.406359 
-

7 .345099 .'453418 .140160 .269471 -.0502849 .132626 

9 .459299 .312160 .0961618 -.195749 .258816 .433109 

11 .501601 0.0 0.0 -.437865 0650228 o 0 

13 .459299 -.312160 -.961618 -.195749 .0258816 -.433109 

{~} (y) 15 .345099. -.453418 -.140160 .269471 .0502849 -.132626 

I-E .194636 -.362016 -.115439 .466803 .087126 .406359 

1~ 1--•. Q598015 -.135306 -.0510247 .237540 .0584639 .331356 

I~ _ .. QQQ.9..6QL4' -.041m~ f-..l30.8li_ f-=..J14831B.9 -=..256440 .0700QOR 

t:, -.0068963( -.091134" .246636 -:0893479 -.415515 .0896496 

7 
f--.. 

-.0115766 -.116876 .341977 -.0718432 -.418270 .0154932 

9 -.00862434 -.120336 .406733 -.3039394 -.260378 -.475924 

{~} (x) 
1] 0.0 

• 0 
-.118465 .429923 0.0 0.0 -D634657 

.00862434 13 -.120336 .406733 .• 0309394 .260378 -.475924 

15 .0115766 . -.116876 .341977 .0718432 .418270 .0154932 

17 .00689630 -.091134" .246636 .0893479 .415515 .0896496 

19 -.00960745 -.041332 .130837 .0483789 .256440 .0700908 
.t--. --. ____ ~ ___ o 

TABLE IV.B.23 Free Vibration Properties of Arch No.3 

7 8 

10.9263 13.9986 

.575054 .448842 

-.855953 0.0. 

-.0820760 -.263763 

-.0788671 -.137825 

.0167684 -.284693 

.0667576 .0407668 

J) .0 -.111!nQ 

-.0667576 .0407668 

-.0167684 .284693 

-.0788671 .137825 -
;082060 -.263763 

-.1'1Un ? ":llAa?":l 

-.415528 .204921 

-.137051 -.197468 

.258228 -.308170 

.441718 0.0 

.258228 .308170 

-.137051 .197468 

-.415528 -.204921 

-.352402 -.318923 
.---. 

9 

14.2430 

.441141 

0.0 

.326028 

.152525 

-.309745 

-.054285C 

-.11'1011) 

-.054285C 

-.309745 

.152525 

326028 

2:Z:Z3A A 

.166195 

-.172639 

-.291814 

0.0 

.291814 

.172639 

.166195 

-.277348 

10 

32.2486 

.194836 

0.0 

.221898 

-.291582 

.353367 

- 391756 

.404RRI) 

-.311756 

.353367 

-.291582 

.2218~ 

- .n·'?71 Q~ 

.032172 

-.026142E 

.014538 

0.0 

-.014538 

.026142E 

-.032172 

-.032719 
I-' 
o 
ex> 
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Tirre Step 
10.02 

I I 

(sec) 0.05 I 0 .01 ~ p.005 
Execution Tjm I 

1261.615 ~17 .694 (Cp sec ) 55.908 1131.462 

3 -.0315594 1-.0316035 -.0317899 1-.0317980 

5 -.0769829 1-·0773819 -.0774684 -.774899 

7 -.0950240 1-·0955715 -.0956103 '1-·0956182 

9 -.0652556 1-·0655848 /-.0655481 /-.655384 
(Y) 

10.0 I 0.0 10.0 {Y}max 11 0.0 

(m) 13 .652556 I .0655848 I .655481 .0655384 
I I 15 .0950240 I .0955715 .0956103 .0956182 I 

I 
, 

I 17 .0769829 .0773819 .0774684 .0774899 
I 

I 
, I 

19 .0315594 .0316035 I .0317899 I .317980 i I 

3 .0664366 I .0644721 I .0657085 I .0659194 
I 

I I 5 .124802 
i 

.124157 .124532 .124734 I -

I 
I 

I I 7 .170793 I .173015 .172950 .172953 
! 

9 .200820 I .204695 .205065 
" 

.205068 

I I I 11 .211424 I .215605 .216084 .216249 
(x) 

I 

I I I {Y}rnax 13 .200820 .204695 .205065 .205068 

I '. 

I I 15 .170793 I .173015 .172950 .172953 
- (m) I I 17. .124802 , .124157 .124532 .124734 

I 

19 .0664366 I .0644721 .0657085 I .0659194 I 

Weighted 1.16 I 0.34 I 0.06 
-, -

tError (%) 

TABLE IV.B.24 Maximum Displacements Computed by DSSI 

for Arch No.3 
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(llt = 0.01 sec.) 

Modes 
1+2+3+4+5 1+2+3+4+5 

Superposed 1+2 1+2+3 +6 +6+7 DSSI 

Execution 
Time 27.609 33.073 50.600 55.980 261.615 . 

3 -.0177583 -.0321700 -.0316614 -.0317810 -.0317899 

5 -.0l±75128 -.0773105 -.077846;1. -.0774601 -.0774684 

7 -.0595089 -.0956868 -.0955120 -.0955940 -.0956103 

9 -.0409695 -.0657905 -.0654480 -.0655463 -.0655481 

11 0.0 O_LO 0.0 o 0 0.0 

{Y} (y) 13 .0409695 .0657905 .0654480 .0655463 .0655481 

max 15 .0595089 .0956868 .0955120 .0955940 .0956103 

(m) 17 .0475128 .0773105 .0778461 .0774601 .0774684 

19 .0177583 .0321700 .0316614 .0317810 .0317899 

3 .00542461 .0659868 .0660044 .0655114 .Ohr;70Rt:: 

5 .0119610 .125263 .125286 .124699 .124532 

7 .0153394 .173059 .173063 .172869 .172950 

9 .0157935 .204595 .204583 .204963 .205065 

(x) 11 .0155479 .21561:2 .215666 .216342 .216084 

. {Y}rnax n .0157935 .2045.91) .20.1583 .204963 20'1065 

15 .0153394 .173059 .173063 .172869 .172950 

17 .0119610 .125263 .125286 .124699 .124532 
(m) 

19 .0054246 .0659868 .0660044 .0655114 .065708~ 

Weighted 
, 76.75 0.28 0.27 Error (%) 0.08 -

TABLE IV.B.25 Maximum Displacements Computed by MODAL for 

Arch No.3 
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(llt = 0.01 sec~.) 

M:x1es 1+2+3+4+5 1+2+3+4+5+6 
Superposed 1+2 1+2+3 +6 +7 DSSI 

3 1-.00903063 .0156229 .0154875 .0153509 .0153609 

5 r.0241617 .0316150 .0314489 .0313176 .03_1102~ 

7 1-.0302621 0~74590 .037513) .0375tUl ...D.3.1.5.L1..92 

9 1-.208342 .0256282 .0258052 .0259163 .0259198 

{y} (Y) 11 ~.O 0.0 0.0 0.0 . 0.0 
t 

13 .0208342 -.0256282 -.0258052 -.0259163 -.0259198 
15 .0302621 -.0374590 -.0375132 -.0375411 -.0375492 

17 .0241617 -.0316150 -.0314489 -.0313176 -.0313026 

19 .00903063 -.0156229 -.0154875 1-.0153509 -.0153609 -. 
3 • 00275861 .0659749 .0660036 .0654170 .0654509 

5 .00608251 .125250 .125286 .124595 .124445 

7 .00780057 .173034 .173040 .172812 .1129.5..0. 

{y} (x) 9 .00803147 .204553 .204553 .204963 .205065 

t 11 .00790661 .215632 .215606 .216342 .216078 

13 .00803147 .204553 .204553 .204963 .205065 

15 .00780057 .173034 .173040 172812 .172950 

17 .00608251 .125250 .125286 .124595 .124445 

19 .00275861 .0659749 .0660036 .0654170 .0654509 

Weighted 
107.08 0.39 0.34 0.08 -Error (%) 

TABLE IV.B.26 Displacements of Arch No.3 at t = 36.50 sees. 



MJele No - 1 2 3 4 5 
--

w (rad/sec) 1.38814 2.98879 3.70189 3.83912 6.56858 

. 
T (sec) 4.52633 2.10225 1.69729 1.63662 .956652 

r 2.59726 0.0 -.180436 0.0 .843310 

3 -.00481319 .216218 .278403 .686071 .100567 

5 -.364666 .365288 .400778 .0643866 .211521 

7 -.Odl"i7Rl 4~R2A7 3'i5~03 - 546878 .247778 

9 -.0236320 .464222 .180004 -.154749 .141708 

11 0.0 .470040 0.0: -.184754 0.0 
,- {p} (Y) 

13 .0236320 .464222 -.180004 -.154749 -.141708 

15 .0415781 .438287 -.335303 -.0546878 -.247778 -
17 .0364666 .365288 -.400778 .643866 -.211521 

_. 

19 .00481319 .216218 -.278403 .0686071 -.100567 

3 .185293 -.101633 -.167515 -.399272 -.461690 

5 .383015 -.397749 -.154005 -.467068 .159399 -. 

7 .452995 -.0339090 .0803941 -.222289 -.203184 

q .456376 -,0158344 .286711 -.566159 -.266118 

{¢} (x) 11 , .452544 0.0 .360977 0.0 -.257522 
--'-

13 .456376 .158344 .286711 .0566159 -.266118 

15 .452995 .0339090 .0803941 .222289 -.203184 

17 .383015 .0397749 -.154005 .467068 .159399 

19 .185293 .0101633 -.167515 .399272 .461690 
- - - --

TABLE IV.B.27 Free Vibration Properties of Arch No.4 
-------

6 
-

8.349156 

.752553 

0.0 

.450860 

.179207 -- --
-.178972 

-.346231 

-.389230 

-.346231 

-.178972 

-.179207 

.450860 

-.0468338 

.178481 

.234634 

.123843 

0.0 

-.123843 

-.234634 

-.178481 

.468338 

7 

9.76586 

.643382 

-.119806 

.478503 

-.0210890 

-.318261 

-.229644 

0.0 

.229644 

.318261 

.0210890 ' 

-.478503 

-.0873044 

.189039 

.641503 

-.219931 

-.334951 

-.219931 

.0641503 

.189039 

-.0873044 

I-' 
I-' 
tv 



Tirre Step 
(sec) 0.02 0.01 0.0'05 0.001 

Execution 
Time (CP sees 133.141 262.047 517 .691 2541.400 

3 .• 00741816 .00742277 .00742941 .00743032 

5 .0155891 .0156155· .0157045 .0157332 

7 .0163129 .0163650 .0164123 .0164276 

{y}(Y) 9 .00921937 .00922209 .00923708 .00924224 

max 11 0.0 0.0 0.0 0.0 

(m) 
13 -.00921937 .00922209 1-.00923708 -.00924224 

15 -.0163129 .0164650 -.0164123 -.0164276 
--

'. 

1] -.0155791 .0156155 -.0157045 -.0157332 

19 -.00741816 -.00742277 -.00742941 -.00743032 

3 -.0572873 -.0572615 -.0572482 -.0572439 

5 -.108210 -.108221 :.,.·.108243 -.108247 

(x) 
{y} 7 -.129612 .129563 -.12950:9 .129489 

max· 

9 .133773 .133768 .133661 .133626 
(m) 

I 11 .133806 .133792 .133665 .133629 

13 .133773 .133768 .133661 .133626 
'. 

15 .129612 .129563 .12950'9 .129489 

17 -.108210 .108221 -.108243 -.108247 

19 -.0572873 -.0572615 -.0572482 -.0572439 

Weighted 0.i3 0.08 0.02 -
Error (%) 

. TABLE IV.B.28 Maximum Displacements Computed by DSSI 

for Arch No.4 

113 
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(At = 0.005 sec) 

~es 
1+2+3+4+5 

SuperpJsed 1 1+2+3 1+2+3+4+5 +6+7 DSSI 

!Execution Ti.m: 
(CP sec ) 42.189 64.066 85.955 107.264 517.691 

3 -.00136159 -.00675870 .00691346 .741823 .00742941 

5 -.0103159 .0.65465 .0157051 .0157262 .0157045-

7 -.0117619 .0168491 .0161702 .164263 .0164123 

{Y} (Y) 9 -.00668519 .00940136 .00904949 .00922806 .00923708 
wax 

11 0.0 0.0 0.0 0.0 0.0 

(m) 13 .00668519 -.00940136 -.00904949 -.00922806 1-.00923708 

15 .0117619 -.0168491 -.016170i -.0164263 1-.0164123 

17 .0103159 -.0165465 -.0157051 . -.0157262 1--.0157045 

19 .00136159 .00675870 -.00691346 "':.00741823 1--.00742941 

3 .0524169 -.0531308 -.0573253 -.0572995 1--.0572482 

S .108350 -.106662 -.108045 -.108158 -.108243 
(x) 

- 1?qL!."':\h -1?qL!.1q .129488 129509 {Y} 7 1?R1L!.h 
wax 

9 .129103 .133734 .133924 .133685 .133661 

(m) 11 .128019 .133860 .134071 .133706 .133665 

13 .129103 .133734 .133924 .133685 .133661 

15 .128146 .129436 .129419 .129488 .129509 
'. 

17 .108350 -.106662 -.108045 -.108158 -.108243 

191 .0524169 -.0531308 -.0573253 -.0572995 -.0572482 

Weighted 
5.94 1.48 0.33 0.05 Error (%) -

TABLE IV.B.29 Maximum Displacements Computed by MODAL for 

Arch No.4 

.-



115 

(llt = 0.005 see.) 

Modes 1+2+3+4+5 
SUp€X1X)sed 1 1+2+3 1+2+3+4+5 +6+7 DSSI 

3 -.00135614 .00330580 .00310290 .00362363 .00362587 

5 -.0102746 -.00356352 -.00399028 -.00401323 -.00404117 

7 -.0117148 -.00610011 -.00660001 -.00694636 -.00689517 

9 -.00665844 -.00364423 -.00393013 -.00418004 -,.00415134 

{y}(Y) 
11 0.0 0.0 0.0 '0.0 0.0 

13 .00665844 .00364423 .00393013 .00418004 .00415134 
t 

15 .0117148 I .00610011 .00660001 .00694636 .00689517 

17 .0102746 .00356352 .00399028 .00401323 .00404117 

19 .001356141-:00330580 -.00310290 -.00362363 ~.00362587 r 
-

3 .0522072 .0494021 .0484706 .0483756 .0483549 

5 .107916 .105337 .105016 .105222 .105246 

7 1?7h~~ 1 ?RQRO 1::'9190 .129459 .129478 

9 .128586 .133387 .133924 .133685 .133661 

{y} (x) 11 I .127506 .133551 .134071 .133706 .133665 
t 

13 .128586 .133387 .133924 .133685 .133661 

15 .127E33 .128980 .129390' I • 129459 .129478 . 

17 .107916 .105337" .105016 .105222 .105246 

19 .0522072 .0494021 .0484706 .0483756 .0'483549 

Weighted 6.'98 0.81 0.40 0.04 -
Error (%) 

TABLE IV.B.30 Displae~ments of Areh No.4 at.t = 58.175 sees. 
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It can be seen from the tables that, the mode shapes 

for all of the arches are either symmetric or antimetric. 

The participation factors for all symmetric modes are 

equal to zero. For step-by-step integration analysis, as the 

solution time step, ~t, decreases, the accuracy of the 

solution increases. For ~t values below 0.01 the error 

in the solution is below 0.1 per cent. 

Since the participation factors for symmetric modes 

are equal to zero, they shall not be included in modal 

analysis. This will decrease the execution time. 

Contribution of asingle mode may give very in accurate 

results; therefore, the superposition of more than one 

mode is generally required in modal analysis.. The weighted 

errors of the maximum displacements for arches 1,2, 3 and~ 

4, when a single mode is included in modal summation, are 

1.76, 7837, 76.55 and 5.94 per cent respectively. 

IV.B.S RESPONSE SPECTRA ANALYSIS· OF THE FIVE-STOREY 

PLANE FRAME 

The five storey plane frame given in Fig. IV.B.l is 

analysed by response spectra analysis procedure. The 

maximum displacements are computed by peak response 

formulation given in Section II.F. The results of the 

computations are summarized in Tables IV.B.31 and IV.B.32. 
. " 

As the number of modes involved in modal summation incre­

ases, the error increases slightly, however the errors 

in the solution does not go beyond 3 per cent. . 



w ~a S 
node (rad/sec) (m/seC4) r r_a_ 

2 w 

1 ! 2.5643 1.5891 6.5715 1.5881 

2 I 8.0617 1.7708 -2.6076 -0.071049 

115.2719 

.--

3 0.4434 1.7253 0.0032800 

4 23.4907 0.2375 1.2220 0.00052595 

5 131.6202 0.4132 -0.8965 -0.00037049 . 

TABLE IV.B.31 Multiplication Factors for 5-

Storey Plane Frame to be Used 
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in Response Spectra Analysis Procedure 
i 

1+2+3+JI 
I 

MJdes 
1 

i 1 1+2 1+2+3 ,1+2+3+4 Superposed il DSSI 
II 

I I! ! i I ' 

Ii 1.34025 
1 

1.34086 1.34088 
II 

,5 .32558 I .34081 I: .33674 

II I .28430 I I .28481 
I: 

4- Ii .28195 ! 
.28472 .28484 J; .28602 

!I 
I 

i 

/; 
{y}rrax 3 Ii .21166 .22127 .22163 "'.22170 .22175 .21111 

II 
I ! .13964 1.13970 

I: -
2 Ii .12696 ! .13920 .13962 .12895 

(m) Ii 
.043749 1.049679 ,j I 

,\.050295 ,1 Ii .050143 ! .050233 .045251 . I I 

Ii 1.912 

I 
I 

I I: . Weighted ! I 

I I I i ~ 
Error (%) 12.983 3.120 3.134 I 3.150 -

iI \ I ! 
~ : 

I " 

TABLE IV.B.32 Maximum Displacements Computed by Response 

Spectra Analysis for 5-Storey Plane Frame 



IV.B.6 RESPONSE OF THE FIVE STOREY BUILDING FRAME TO 

FICTITIOUS STATIC LOADS 

118 

The response of the five storey building frame 

given in Fig.IV.B.l to the fictitious static loads (Section 

II.G), which depend on the dynamic characteristics of the 

structure and the earthquake motion, are computed. The 

equivalent fictitious lOads representing the response'sof 

the modes of this structure are given in Table IV.B.33. 

The maximum displacements computed by the step-by-step 

integration method are compared with the peak response of· 

the displacements (Table IV.B.34). The errors in the peak 

response increase as the number of modes involved in the 

modal summation increases. 



Mode 1 2 3 4 5 

5 116.9001 -7.5263 1.0245 -0.25041 0.1046 I 

4 21.9534 -1.8104 -1.1582 0.5899 1_0.3402 I 
I 7.3976 1-0.9994 -0.4534 0.6014 J 

(t) I 2 i 9.8851 9 .. 4163 i 1.16826 -0.1120 1-0.7686 i Ii,· I \ i 

- r I I - I I I I 
j 1 i 3.4064 j 4.5632 I 1.2847 ! 0.5805 0.7349 I 

'-----'----l!-___ -.!..-. ____ L-__ --L __ ... _ ______ . _, 

TABLE IV.B.33 Fictitious Static Loads for 5-Storey 

Plane Frame 

Modes 
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Superposed 1 1+2 1+2+3 1+2+3+4 1+2+3+4+: DSSI 

.--

5 .32559 .34026 .34082 .34088 .34089 .33674 

I 

4 .28195 .28430 .298472 .28481 .28484 .28602 

{Y}max 3 .21167 .22128 .22164 .22171 .22176 • 21ill 
-

(m) 2 .12696 .1392 .13962 .13964 .13971 .12895 

1 .04375 .04968 .05015 .05024 .05030 .045251 

Weighted 

3.05713:123 I ~136 J. 3.153 I 
Error (%) 1.910 -

-

~LE IV.B.34 Maximum Displacements Computed by Equivalent 

Fictitious Static· Loads Approach for5-Storey 

Plane Frame 

I 
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V, CONCLUSIONS 

The frontal solution technique, which is used in the 

static analysis program, is found to be effective in solving 

large sets of linear equations arising in structural analysis. 

The solution accuracy is significantly affected by the word 

size of the compu'ter and the solution algorithm used to solve 

the equilibrium equations.' 

The selection of the solution time step ~fects both 

the solution accuracy, and the execution time. Smaller 

values of the time step gives more accurate results;however, 

the required solution time also increases. For every small 

solution time step values, the number of arithmetic operations 

done at a certain entry in the main memory of the computer 

is very large, hence .!closer to the end of the integration 

process the response values may be inaccurate. Therefore, 

'. 
in low precision computers, selection of very small time 

steps shall be avoided. 

Linear acceleration method is not an unconditionally 

stable method. For some of the cases given in Section 

IV B th numer ical integrations were observed to be diverging ., e 
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for relatively large solution time steps. A basis for 

selecting appropriate time step values which will always 

give, converging results can not be stated for this method. 

It has been observed that superposing the responses 

of a few of the highest modes gives satisfactory results. 

For arch type structures, superposing the response of the 

first mode which has a non-zero participation factor, may 

give very inaccurate results. When lower modes of vibration 

are superposed, the errors in the results may increase. 

This is due to the computation errors made in the,lower 

modes of vibration. 

Free vibration characteristics of arches with 

symmetric mass and stiffness distribution depends on their 

slenderness and aspect ratios. The shape of the first 

mode-being symmetric or antimetric-is depending on these 

ratios. Participation factors for symmetric mode shapes 

are equal to zero. Therefore, in modal analysis, super­

posing only those modes with none-zero participation 

factors will further reduce the computation time. 
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APPENDIX A - COMPUTER PROGRAM PFRAME5 

DATA INPUT TO PFRAME5 

I. TITLE CARD . (20A4) 

TITLE Input List 

Explanation 

TITLE Character array containing the title 

for the problem. 

The rest of the cards are free-formatted. 

II. CONTROL CARD 

Input List: NNODES, NELTS, NLC, NETYPS 

Explanation: 

total number of nodal points 

total number of plane frame 

number of structure loading 

elements 

cases 

123 

NNODES 

NELTS 

NLC 

NETYPS number of different element types which 

would yield different element stiffness 

matrices. 



124 

III. STRUCTURE GEOMETRY CARD 

Input List 

Explanation 

NBAY 

NSTRY 

NBAY, NSTRY 

number of bays 

number of storeys 

IV. MATERIAL PROPERTY CARDS 

Input List E 

Explanation 

E 

V. OPTIONS CARD 

Input List 

Explanation 

KOPTl 

KOPT2 

modulus of elasticity 

KOPT1, KOPT2, KOPT3 

execution mode option; 

= 0 ; prints both displacements and 

end forces 

= 1 prints end faces only 

= 2 ; '. prints displacements only 

option for printing the details of 

the problem solution ; 

= 0 does not print d~tails 

1 0 prints the element stiffness 



KOPTJ::. 

125 

matrices, fixed end forces in 

local coordinates, and details 

of the frontal solution process 

option for comparing the computed 

horizontal displacement distrLbution 

to trjangular displacement distribution. 

= 0 i do not compare 

-f 0 compare 

VI. ELEMENT TYPE CARDS 

Input List 

Explanation 

MTYPE 

A 

XI 

EM,EM 

Note 

HEAD 

element type number 

cross sectional area 

moment of in.ertia 

cosines of the angles between the local 

y axis and the global X and Y axes, 

respectively. 

(See Figures II.l and. II.3) 

This ~ard must be repeated NETYPS times. 

VII. BOUNDARY CONDITIONS CARDS 

Input List 

Explanation 

NNUM, (NDC(I), I=1,3), ISTOP 



NNUM 

NDC 

ISTOP 

Note 

126 

node number at which fixed boundary 

condi tions " ar"e specified 

Array containing the boundary condition 

codes 

NDC(l) ; X-translation boundary con­

dition code 

NDC(2) i y-translation boundary con­

dition code 

NDC (3) Z-rotation boundary condition 

code 

= 0; free (displacements and 

loads allowed) 

~ 0 i fixed (no displacements 

or loads allowed) 

parameter to stop the boundary condition 

data input; 

= 0 i a new boundary condition card will 

" "fol:1ow . 

~ 0 end of boundary condition cards 

This set of cards must be repeated until 

ISTOP ~ O. Any number of cards can be 

given to describe the fixed boundary 

conditions. The rest of the nodal 

boundary conditions are set to be free. 
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VIII. ELEMENT DATA CARDS 

VIII. A ELEMENT CONNECTIVITY AND TYPE DATA CARDS 

Input List 

Explanation 

NEL 

JNOl 

JN02 

MTYP 

LDCOD 

NEL, JN01, JN02, MTYP, LDCOD 

element number 

node number I 

node number J (see Fig III.2and 

III. 3) 

element type number 

parameter for the e:1d stance of 

element loads; 

= 0 no element loads exist 

~ 0 element loading cards 

will follow this card. 

VIII. B ELEMENT LOADING CARDS 

Input List 

Explanation 

LD· 

LDTP 

LD, LDTP, Q, X, Y, ESTOP 

structural load case number, 

which the element load given 

by this card is acting 

element loading type number; 

= 1; uniformly distributed 

transverse load 
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= 2 concentrated transverse load 

= 3; uniformly distri.buted axial load 

= 4 concentrated axial load 

x left margin 

y right margin 

Q magnitude of the load 

ISTOP parameter to stop the element loadings 

for element number NEL; 

= 0 a new element loading card 

acting on element number NEL 

will follow this card 

# 0 end of element loading cards 

for this element 

Card(s) VIII.B must be skipped if 

LDCOD=O. 

Note The element loading parameters 

must be defined in local coordinates. 

Concentrated joint loads can be 
\ 

defined as concentrated element loads 

acting at nodes I or J of the element. 

Pos~tive directions of the element 

loads are given in Fig. A.I 
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LDTP=l LDTP=2 

r , Q 

I i 1 ~ 1 1 ~- I I I • • • 

f 
x Y 

f f 
x 

t 
Y 

t 

LDTP=3 LDTP=4 
Q Q 

I --_o- J I ".. I • • 

t 
x 

t f 
Y t ~ 

x 
f 

Y 

f 

FIGURE A.l Element Load types for PFRAMES. 

Note Cards VIII.A and VIII.B must be repeated 

NELTS times 

IX. ACTUAL TO TRIANGULAR DISPLACEMENT DISTRIBUTION COMPARISON CARDS 

XI.A 

Input List : NND 

Explanation: 

NND number of nodal point for which the 

comparison will be performed 

IX.B 

Input List ,: NODE(I) ,Y(I) ,I=l,NND) 

Explanation: 

NODE(I) 

Y (I) 

Node number 

Elevation of node number NODE(I) measured 

from foundation level 

Note Node number NODE(I) must be a node located at the 

top-most storey. 



56 
57 
58 
59 
6r 
61 
62 
63 
64 
65 
66 
67 
68 
69 
7rJ 
71 
n. 
73 
74 
7S 
76 
77 
78 
79 
8:1 
31 
82 
33 
84 
35 
86 
87 
83 
89 
90 
91 
92 
93 
94 
95/ 
96 
97 
98 
99 

10(1 
101 
1li2 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 

PROGRM' PfPM1E5 7~/176 OPT='1,ROUIID= AI 51 I-I/-D,-DS FTN 5.,..577 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 

OPEN(UNIT=8,STATUS='~E~"ACCESS='~IRECT',FORM='UNFOR~ATTEO', 
1 FILE='T~P:2',RECL=NLC) 

~ 

(T~PE 9 CONTAINS SYSTE~ STIFFNESS ~ATRIX IN ORIGINAL FORM) 

OPEN(UNIT=9,STATUS='NEW',ACCESS='OIRECT',FORH='UNfORrlATTED', 
1 fIL~='TAP!9',RECL=NBAND) 

(TAPE 10 CONTAINS NODE IhFORMATION) 

OP~N(U~IT=1S,STATUS='NEW',ACCESS='DIR~CT',FORr.='UNfOR~ATTEO', 
1 fILE='TAPE10',RECL=1+NUN) 

(TAPE 11 CONTAINS ELEMENT TYPE INFORMATION) 

OPEN(U~IT=11,STATUS='SCRATCH',ACCESS='OIRECT',FOR~='UNfORMATTED', 
1 RECL=3+21> 

(TAPE 12 CONTAII1S EL!:HENT ItlFOR;';ATION) . 

OPEN<U~IT=12,STATUS='SCRATCH',ACCESS='DIRECT',F0RH='UNFOR"~TTEO', 
1 RECL=1+~UE+NUE*~LC) 

<TAPE 13 CONTAINS SYST,,:~ STIFFIIESS !'!AT'lIX IN TRIA:-lGULIZED FOlll') 

oprNCUNIT=13,STATUS='SCRATCH',ACCESS='OIRECT',FORK='UNFOR"ATT~O', 
1 RECL=NB~!iO) 

C <T~PE 14 CONTAINS ~IG"T HAND SIDE I'ATRrX) 
C 

C 

C 

C· 

OPEN(UNIT=14,STATUS='~EW',ACCESS='OIRtCT',FCF~='UNfOR"ATTEO', 
1 fILE='TAPE14',RECL=~L~) 

CALL ELTYPE(/IOES~\) 

CALL IIOCOAT 
CALL SOLVE(*SO) 
IF(KOPT1.EQ.1> GO TO 1!} 
CALL PRTDISP 
IF(KOPT3.NE.C) CALL CDTR(NUN,NNOOES) 
If(KOPT1.EQ.2) GO TO 50 

1'1 CALL CNOFOR 

50 WRIT[;(6,3G3) 
STOP 

C •• *************************************************************** 
C fOP~ATS 

C *************************_*************************************** 
C 

201 FOR~AT(2JA4) 
301 FOR~AT(1H1,///2JX,2UA4,/) 
302 FO~MAT(20X,'NU~eER Of NODES 

1 2~X,'~U~8ER OF ELE~EHTS 
2 2~X,'"U~9ER Of LOAOI~G CASES 
3 29X,'NUn8ER OF ELE~E"T TYPES 
4 20X,'~ODULUS OF ~LASTICITY 
5 2Jx,'tXECUTIC~ 'OOE OPTION 

= ',15,/ 
',15,/ 
',15,1 
',15,1 
',G1;.7,/ 

= ',15,/ 

85/09/19. 17.33.06 P"GE 2 
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113 
114 
11 5 
116 
117 
11 8 
119 
120 
121 
12~ 
123 
124 
125 
126 

PROGRA.'1 PfRMIE5 74/176 OPT=a,~OUND= AI SI H/-D,-DS 

6 2DX,'PRINT OPTION ',15,1 
7. 20X,·TRIA~G. CO~PARISON OPT. = ',15,) 

303 fOR~AT(1H1,Jn 
304 fOR"AT(/~O~,'NUMBER Of BAYS ',15,1 

1. 20X,'NUH3ER OF STORYS ',15,1 
2 20x, 'H.l.LF B~HDWIDTH = ',IS,/} 

305 fORMAT(1110X""'XNE~ "UST BE .GE. "AXB~N', 
1 120X,' OlAXNE!'! = ',IS, 
2 120X,' I1AXBAfl = ',IS,' ) ') 

306 FORHAT(II~DX,'UB.l.HD ~UST B~ .LE. MAXBAN'i 
1 12iJx,' (MAXBArJ = ',15,' )') 

307 fOR~AT(1120X,'NLC MUST SE .LE. MULC', 
1 120x,'OHlLC = ',IS,' )') 

END 

--v~~IABLE ~AP--(LO=~) 

fTH 5.1"'577 85/09/19. 17.33.06 PAGE. 3 

-NA~E---ADDRESS--BLQCK-----PROPERTIES-------TYPE---------SIZ~ -NAKE---.DDREsS--eLCCK-----PRCPE~TIES-------TYPE---------SII~ 

A 1 B I"E~~BERI 

E DB I I1E '18 ER 1 
E'I 43 I '-1L16 ER I 
EN 58 1 HE :~8 ER 1 
FE~L 2128 1 'IE i'\B ER 1 
K O? T1 oe lOP Tl ON 1 
KO"T2 16 IOPTIONI 
KOPT3 532 d 
LU3 R 6B 1 SY SVAL 1 
t!AXBAIi 68 IflAXO,L I 
"~.X NEM 58 1 MUV \LI 
MAX NE S 78 1 HA XV AL 1 
roES M 2048 l'1E:~BERI 

IINl C 48 /i1A XV AL 1 
r;8~ NO 5El ISYSVALI 
Nil" '7a ISYSVALI 
N DC 09 1 JOI~TI 
NEl TS 1 a ISYSV,\LI 

--PRJ CEDURES:f-( LO=A) 
-NA~E------TYPE--------ARG$------CLASS-----

COT R 
ELT YPE 
EN) fO R 

--ST'TENENT LA8ELS--(LO=~) 

2 
1 
G 

SUBROUTINE 
SUB ROUT III E 
SUB ROUT HiE 

-LA3EL-ADPRESS-----P~OPERTIES----OEF 

10 
50 

201 
301 

1670 
1718 
2238 
22 Sa 

FOR~lAT 

fOR;!AT 

96 
98 

105 
106 

RU.L IIETYP S 38 I SY SV.\ll INTEGER 
RE Al NLC 2S ISYSVftLl INTEGER 
REAL NNE 08 IMAXVALI INTEGEI1 
RE AL NNODES 03 ISYSVAll INTEGER 
RE AL 31 . NOE SH 38 I ~IAXV"ll INTEGER 
INTEGER f. SlRY 531 B INTEGER 
INTEGER I/Ul 29 tr!AXvALI INTEGEI1 
INTEGER II UI~ 16 I~AXV"ll INTEGER 
INTEG£:'! NUS 45 ISYSVAll rr4TEGC~ 
IllTEGER RHS 13568 ISYSTEHI REAL 
INTEGER RHSS 33263 ISYSTEIII ~Ejl 

HITEGER S DB ISYSTE~I J;>IUL 
INTEGER b sr. 68 nlt:'iBERI RE£l 
INTEGEq S5 175(;B I sy Sn:;';1 qE ~.L 
IrlTEGER TITLE OB I Hi.AO I PE.Al 
INTEGER XI 28 I?lE :18 E R I RE A.L 
INTEGER 6 XL 38 I~E'1BERI REAL 
I'lTEGER 

-NA~E------TYPE--------A~GS------CL~SS-----

NODDAT 
PRTDISP 
SOLVr. 

o 
o 
1 

-L'8EL-ADDRESS-----PROPERTI~S----D~F 

302 
303 
304 

230El 
27GB 
272a 

FCR~:AT 

fOfi/l, AT 
fCR~AT 

1 i)7 

115 
116 

SU9ROUTI;/E 
SU ElR OUT!:lE 
SUBR OUT! NE 

-L~a~L-ADDRESS-----PROPERTIES----DEf 

3t'5 
3n6 
3 r·7 

3(,53 
3178 
3279 

fOR rJ~ T 
fOR "'A T 
FOR'" AT 

119 
122 
124 

25 () 
2511 
7Sfl 
126 
75·'1 

2 n 

I 
I 
I 

! 
I 

·1 
I 
I 
I 
\ 
\ 
I 
\ 

( 
I 
! 
\ 

\ 

I 
I 

I 
I 
I 

f 
( 

} 

f 

f 
I 
I 

i 
I 
I 
I 
i 
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I 
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I-' 
W 
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PROGRMI PfRAI'E5 74/176 OPT=~,ROUNO= AI si 1'11-0,-05 

--ENTRY POINTS--(LO=A) 
-NA~E---ADDR~SS--ARGS-~-

P fR Aft ES 2GB Q 

--Ill UNITS--(LO=A) 
-~A~E--- PROPERTI[S------------_ -~A"E--- PROPERTIES-------------

TA?El0 AUX 
TA?El1 AUX 
TA"E12 AUX 

--5 fA. TI ST I C S--

PIll GRAM-UNIT LENGTH 
SC'1 LA3ELLED CO >-1/'1 011 LENGTtl 
S C'I STORAG~ USE 0 
CO .. PILE TIll E 

TAPE13 AUX 
HPE14 AUX 
HPE5 F;,!T/SEQ 

5338 = 347 
42448 = 2212 

637008 = 2656(1 
0.322 SECONDS 

FT;~ 5.11·577 85/09/19. 17.33.06 

-NA~E--- PROPERTIES-------------

TAPE6 
TAPE8 
TAPE9 

PH/SEQ 
AUX 
AUX 

PAGE 4 
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SUBROUTI~E NODDAT 74/176 OPT=1,ROUND= AI SI H/-D,-DS FTN 5.1.577 85/09/19. 17.33.C6 
DO=-LONG/-Or,A~G=-COMMON/-FIXEO,CS= USER/-fIXEO,DB=-TB/-SB/-SLI _ER/-ID/-P~D/-ST,PL=5DOC 
FTN5,I=PFR5,B=a,L=LPfRS. 

1 SUBROUTiNE tlOO OAT 
2 C 
3 Corl!10~ If'lAXVALI tlNE,iWU,1wr,NOESiI,MULC,MAXNt",t<AXB,Atl,lIlAXNES 
4 CO"MON ISYSVALI IIHODES,IIELTS,NLC,HETYPS,"'US,NBANO,LUi3R,IIBAY 
5 COMMON IJOINT I NOC(6) 
6 C 
7 J FLG=i:l 
8 WRITE( 6, 3eO) 
9 C 

10 DO 1n I=1,IWN 
11 1 r) II 0 C ( 1) =0 
12 DO 2G ~Ha./l',=1 ,~WODES 
13 ·21 WRITF.(1D,llE:C=rHlU'-:> JfLG,(rIDC(I),I=1,'IUN) 
14 C 

C 

40 REAO(S,*) NNUK,(NDC(I),I=1,tlUN),ISTOP 
DC 30 I=1,NUN 

IF(~DC(I).NE.U) QUS=NUS-1 
31 CONTINU[ 

WRITE(6,301) NNU~,(IIDC(I),I=1,NUII) 
WRIT~(1C,REC=UNU~)JFLG,(NDC(I),I=1,NUN) 
IF(ISTOP.EU.O) GO TO 4n 
LUER=NUS-N6AND·1 

WRIT~(6,3C2) NUS,LUSR 
RlTURH 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

C ********************************************************************** 
C fOR~ATS 

C ********************************************************************** 
3G~ FOR~Ar(112Dx,'NODAL DATA ( FIX~D DIRECTIUNS ONLY)', 

1 119X,38(1H-),115x,"HODE',3X,' DEFOR~ATION CODES , , 
2 14X,6(1H-),2X,22(1H-» 

301 FOR!':AT (4X, I5,3X, 3( I6,2X» 
302 FOflHAT<1I2Gx,'rW)\6ER O,F UUKNOWNS FOR THE SYSTE'~ 

1 120X,'LENGTH OF THE U~IFORKLY 3ANOED REGION 
E'10 

--VARIABLE ~AP--(LD=A) 

= ',IS, 
',15,1) 

PAGE 

-NA~E---AODRESS--8LOCK-----PROPERTIES-------TYPE---------SIZE -NA~E---'OORESS--BLOCK-----PROPlRTIES-------TYPE---------SIZE 

I 2139 IflTEGER NEL TS 10 ISYSVALI INTEGEP 
I zr OP 2170 INTEGER NETYPS 3B ISYSVALI INTEGER 
JFL. G 21213 INTEGER IILe 2B ISYSVALI INHGEOl 
LU3 R 68 ISYSVALI WTEGER NIlE OB It!AXVALI INTEGER 
~!A( 8,1, II 6B IHAXVALI INiEGf:P. NNODE S U6 ISYSVALI IHHGER 
,.AX NEil 50 IMAXVALI IIITEGCF. IlI/U!' 2158 IHTEGER 
liAXNES 70 IlIA XV ALI HHEGER liCE S~! 3B IUAXVALI INTEGER 
I':IH. C 48 IlIA XV ALI INTEGE:l IWE 20 I~!AXOLI I/ITLGE!? 
lIB' NO sa ISYSV.'LI lIITEGEF. NUN 1 B I~AXV~LI INTEGER 
NB' Y 7!l I SYSV ,\L I I~ TE GEP. /jUS 48 I$YSVALI INTEGER 
Ii DC OB IJOINTI IHTEGER 6 
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SUBROUTINE ~ODOAT 74/176 OPT=Q,RCUND= A/ SI M/-D,-DS FT~ 5.1+577 

--ST'TE~ENT LABELS--(LO=A) 
-LA3EL-ADDREsS-----PQOPERTIEs----pEF -LABEL-AOORESS-----PROPERTIES----DEF 

10 IIO.cn VE 
20 It.ACTl VE 
30 INACTIVE 
40 43B 

D~-TER1". 

DO-TE Rt·' 
D O-TE R ~1 

--ENTRY POINTS--(LO=A) 
-NA~E---ADDRESS--ARSS---

NO) D." T 4d- 'J 

--I/J UNITS--(LO=A) 

11 
13 
18 
1S 

-~A~E--- PROPERTIES-------------

T A~ 1 P 
TA~ 5 
T A' 6 

BIN/DIR 
FlIT/SEa 
niT /S EC 

--$ T-\ TI ST I CS--

PR:l GRA:l-UNI T LENGTH 
SOl LABELLED CC~"OU L:NGTH 
SC~ STORAGE USEO 
CO'lPILE THiE 

2213 = 145 
;; 6B = 22 

617GCa = 25536 
0.364 SECONDS 

30tJ 
301 
302 

123B 
1419 
144 B 

FOR,..AT 
FOR""'T 
FORHH 

29 
32 
33 

85/09/19. 17.33.G6 PAG!; i? I 
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SUBROUTIIIC ELTYPE 74/176 OPT=Q,RDUtlO= AI SI ~/-O,-OS fTN 5.1+577 B5/09/19. 17.33.U6 
OC=-LONG/-OT,ARG=-CO""Ohl-fIXE~,CS= USER/-fIXEO,08=-Te/-S6/-SLI ER/-IO/-PMO/-ST,PL=50~G 
fTN5,I=PfR5,S=3,L=LPfR5 • 

. ' 
1 SU8ROUTl

'
IE ELTYPE(NOESI!) 

2 C 
3 CO'~1\ON ISYSVALI NNOOES,tlELTS,NLC,NETYPS,NUS,N6ftNO,LUBR,NBAY 
4 COHHO:1 liiEt16ER I E,-\, XI ,XL,CM,EII, SH (6,21) ,MESr.(6) ,fE,.,U6, 5) 
5 C 
6 Io:RITE(6,301> 
7 00 1C ;1T=1,IlETYFS 
8 READ (5,*) MTYPE,,~,XI,XL,.EH,E~ 

9 WRITE(6,302> ,HYPE,A,XI,XL,E:1,EN 
10 If(ABS(EID.LT.1.0E-1rJ> TrlEIl 
11 CALL STlfFH(1) 
12 ELSE IF(ABS(EI1).LT.1.0C-10> THEil 
13 CALL STIFFV(1) 
14 E LS E 
15 CALL STIFF(1) 
16 ENOIF 
17 WRITE(11 ,R::c=r~TYPE) XL,C~"F.tl,(Sn(1,J ),J=1,UCES'l) 
1 a 1 (1 COP/TIIIUE 
19 RETURN 
20 C ********************************************************************** 
21 C FOP.I"ATS 
22 C ****'~******************************~********************************** 
23 3li1 fOR~"T(!l11:Jx,'CLEgENT TYPE HlfORMATIC:~', 
24 1 19X,26(1H-),115X,' TYPE ',2x,' AREA ',2x, 
25 2' ~Oi'l. WERT. ',2X,' LENGTH ',2x, 
26 3 OIRECTIOU COSIIIF.S ',/4x,6(1H-),3(2.<,1;3(1H-», 
27 4 2X,23(1H-» 
28 1C2 fORrlATC5X, .4,3C2X,G13. 7>,2 (3x,G13. 7» 
29 END 

--VA~IABLE M~P--(LO=A) 

PAG .. 

-IIA~E---AOORESS--6LOCK-----PROPERTICS-------TYPE---------SIZE -UA~E---~OORESS--uLOCK-----PPOP~RTIES-------TYPE---------SIiE 

A 1 a I r1E;>!EER I 
E DB "IE t1B ER I 
Ell 4B IM(~S::RI 

Ell 50 I HE i48 ER I 
F C~ L 2123 I !-IE ;~e ER I 
J 200B 
LU3 R 69 ISYSVALI 
MES M 204 B I i<lE:1B ER I 
fo!T 175 a 
"TY PE 177tJ 
ua .. NO sa ISYSVfo.LI 

--PR:l CEoURE5--(LO=A) 
-III.~ E------T YP E--------fo. R GS------C LA S5 -----

ABS 
STI FF 
Z TI FF H 
STI FFV 

GENERIC INTRIIIS IC 
SUcROUTINE 
SU9ROUTINE 
suaROUT IN" 

RE AL HBA Y 
HAL NEL TS 
RE,'L HETYPS 
REAL NLC 
RE,IL 30 NNOOES 
INTEGER NOES~ 
INHGEP NUS 
HlTEG"R 6 Sil 
ItITEGCIi XI 
INTEGER XL 
lUTEGER 

79 
19 
3B 
23 
UB 
1 
48 
6B 
2B 
39 

ISYSVALI 
I SY SVlLl 
ISYSVALI 
ISYSVALI 
ISYSVALI 
OUII~Y-ARG 

ISYSVALI 
I~E:-BERI 

/I~l"ae:RI 
II1E'!BF.RI 

INHGEI! 
INTEGER 
IflTlGE~ 
lNnGEp. 
INTEGER 
ItiTEGER 
INTEGER 
REAL 126 
RE.'L 
REn 

i 
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SUBROUTINE ELTYPE 74/176 OPT=O,ROUNO= AI 51 MI-O,-OS 

--ST'TEME~T LABELS--(LO=A) 
-LA3EL-ADOREsS-----PROPgRTIES----DEF 

10 I/iACTI VE 
301 1020 
302 127= 

DO-TER" 
F ORrlAT 
FOR 11A T 

--ENTRY POINTS--(LO=~) 
-NA~E---AOORESS--~RGS---

aT YPE 56 

--11) UNITS--(LO=A) 

.' 
18 
23 
28 

-NA~E--- PROPERTIES-------------

T A~ E11 
T~) E5 
TA> E6 

EIN/OIR 
FI'T/SEC 
F!':T/S!!Q 

--s1' TISTICS--

PI\~GRAH-U"IT LENGTH 
SC~ LABELLED COMMON LtHGTH 
SC~ STORAGE USED 
CO~PILE TIHE 

2848 = 132 
ZoO!! = 176 

6171:85 = 25536 
0.329 SECOtloS 

FTN 5.1+577 85/09/19. 17.33.C6 PAGE 2 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

SUBROUTINE SOLVE 74/176 OPT=n,ROUN~= AI 51 ~/-O,-D5 FTN 5.1+577 B5/09/19. 17.33.06 
DO=-LONGI-OT,ARG=-CO~MON/-FIXEO,CS= USER/-fIXED,D8=-Te/-5B/-SL/ ER/-ID/-PMD/-ST,PL=SOOO 
FTIl5,I =P FR 5, 8=3, L=LP FR 5. 

C 

C 

C 
C 

C 
C 

C 

S UBR au T I.lIE SOL Vi: (* ) 

. CCHHON IHAXVALI NNE,~U~,NUE,NaESK,~NLC,HAXNEM,~AXBAN,"AXNES 
CO~~ON ISYSVALI NNODES,NELTS,HLC,NETYPS,~US,N&AHO,LUaR'N6AY 
co~~aN /SYSTEHI S(5G,1S),RHS(50,S),SS(Su,1S),RHSS(Su,5) 
COMMON IMEMBERI E,A,XI,XL,EM,EN,SM(6,21),MESM(6),FEHL(6,5) 
CO~MON IJOINT I NDC(6) 
COKHON IOPTIO~/ KOPT1,KOPT2 

OlHENSION T(6,6) 
LOCN(I,J)=NUE*I-I*(1-1)/2-(NUE-J) 

\I RITE ( 6,3(; 1 ) 
DET=1.1) 
I POj/ =D 
to CR I T="" Xt: E~;-'l Ui: 
NEu=Q 
N Eu1 =Cl 
NESH=u 
N BEG =1 

DO 1" ~E=1,NELTS 

C CO~PUTE CODE NUM6ERS 
C 

C 

READ(5,.) N~L,JN01,J~02,KTYP,LOCOD 
R~"D(1n,~EC=JN01) JFLG1,(NOC(I),I=1,NU~) 
PEAD(10,REC=JN02) JFLG2,(NDC(I),I=1+NUH,NUE) 
IF(JfLG1.HE.O) GO TO 2~ 
JFLG1=1 
DO 3D 1=1,NUN 

IF(NDC(I).EQ.C) THE~ 
IlEU=NEU+1 
NDC(I)=NEQ 

ELSt 
NOC(I)=J 

ENDlf 
30 CONTINUE 

URITE(10,REC=JN01) JFLG1,(NOC(I),I=1,NUN) 
20 IF(JfLG2.NE.O) GO TO 40 

JFLG2=1 
DO 50 I=1+NUN,NUE 

IF(NDC(I).EQ~O) THEN 
NE~=NEU+1 

. NOC(I)=~EJ 
ELSE 

NDC(I)=C 
~NOIF 

50 CONTINUE 
WRITE(1L,REC=JM02) JFLG2,("OC(I),I=1+HU~,~UE) 

41 WRITt(6,302) ~EL,J~01,JN02,PTYP,(NOC(I),I=1,NUE)'L~COD 

C OBTAIN ELE~E~T STIFF~ESS "~TRIX ~ITHEF F~or ~AIN ~E~ORY 

PIIGE . 1 

I--' 
w 
(Xl 



SUBROUTINE SOLliE 74/176 OPT=0,ROUNO= AI 51 K/-O,-DS FTH 5.1+577 

56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
7r. 
71 
72 
73 
74 
7S 
76 
77 
78 
79 
8(· 
81 
82 
33 
34 
35 
36 
87 
38 
89 
9C 
91 
92 
93 . 
94 / 
95 ! 

96 
97 
98 
99 

lJO 
101 
102 
103 
104 
105 
lOb 
107 
1:16 
109 
11 !) 

111 
2 

C OR READ FRO~ TAP~11, corpOTE THE TRANSPOSE OF THE 
C TRANSFOR~ATIOH KATRIX 
C .' 

DO 60 I=1,r1AXNE5 
IF("TYP.EQ.~ES~(I» THEN 

K5 '\= I 
IF(LoCOD.NE.Q) THEN 

READ(11,REC=1TYP)XL,E~,EN 
CALL TRANS(E~,EH,T) 
T <1 , 2) =- T< 1 , 2 ) 
T(2,1>=-T(2,1) 
HI" 5) =-T(4,5) 
T(S,4)=-T(5,4) 

EN 0 I F 
GO TO 70 

EN 01 F 
60 COIHIi'iUE 

N ESM=tl C51+ 1 
IF(NES'I.GT.t!.A.X!IES) N";:5;1=1 
KSH=N~St', 

~Esr~ (1<5~)=~1TYP 
READ(11,~EC=~TYP) XL,E~,EN,(SM(KSM,I),!=1,HOES1) 

IF(LOCOO.~E.D) T~EN 
O.LL TRAHS<E:,1,EII,T) 
T<1,2) =-T(1,2) 
T( 2,1) =-T(2, 1) 
T( 4, 5) =-T( 4,5) 
T(5,4) =-T( 5,4) 

E~OI F 
7Q IF(KOPT2.HE.n) WRITE(6,305) (5"(KS~,I),I=1,NOES~) 

C 
C ASSE~BLE THE EL~~ENT STIFFNESS MATRIX INTO 
C THE SYST:" STIFFNESS ~ATRIX 
C 

C 

DO 80 I=1,llUE 
IF(NDC(I).E~.C) GO TO 30 
IS=NDC <I )-~E'l1 
DO 90 J=l,IWE 

IF(NDC(J).E~.:I) GO TO 9u 
IF(NOC(J).LT.~DC(I» GO TO 90 
JS=HoC (J )-!-lDCO) +1 
IE =1 
JE =J 
IFeJE.LT.IE) THE~ 

IE=J 
J E=I 

EIlDIF 
IJ E=LOC~l (I E,JE) 
S(IS,JS)=selS,JS)+SKeKS~,IJE) 
SS(I5,JS)=SS(lS,JS)+s~eKsr:,IJE) 

9·1 CONTINUE 
8,1 CONTItlUE 

DC 12;:) I=1,'lUE 
DO 12:l J=1,NLC 

12' FE~L(I,J)=~.1 
IFCLDCOO) 10 f1 ,110,10'1 c 

85/09/19. 17.33.06 PAGe. 2 

I 
I 
( 
I 
I , 
( 

I 
i 

I 

I-' 
W 
U) 



SUBROUTINE SOLVe 74/176 OPT=O,ROUND= AI SI M/-D,-DS FT!1 5.1+577 

C 
C 
C 

C 

100 IFCKOPT2.NE.O) WRITEC6,306) CCTCI,J),J=1,NUE),I=1,NUE) 

13·1 

~ 

COMPUTE THE FIX~D END FORCES IN LOCAL COORDINATES 

READCS,*) LD,LOTPiQ,X,Y,ISTOP 
WRITEC6,3G4) LD,LOTP,Q,X,Y 
CALL LOTYPSCNEL,LO,LDTP,Q,X,Y,*SOO) 
IFCISTOP.EQ.O) GO TO 130 

IFCKOPT2.NE.G) THE~ 
WRITEC6,307) 
DO 180 I=1,rIUE 

180 IoJRITEC6,303) <FE'~LCI,J),J=1,NLc) 
WRITEC6,309) 

ENOIF 
C 
C TR~NSFOR" THE FIXED END FOPCES TO GLOBAL COORDINATes 
C AND SUBTRACT FROil THE RIGHT HAND SIDF. I!ATRIX 
C 

C 

DC14uJ=1,NLC 
DO 150 I=1,NUE 

IF(NDCCI).EQ.O) GO TO 15n 
SU!I=1.0 
DO 160 t<=1,t.UE 

16n SU~=SUM.T(I,K)*F~ML(K,J) 
IS=NDC CI )-IIE'11 
RHS(IS,J)=RHS(IS,J)-SUM 
RHSS(IS,J)=RHSS(IS,J)-SUM 

1S1 CONTINUE 
140 CONTINUE 
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170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
130 
181 
132 
133 
134 
185 
136 
187 
138 
189 
19C 
191 
192 
193 

SUBROUTINE SOLVE 74/170 OPT="qOUND= AI 51 ~/-~,-DS FTN 5.1+577 85/09/19. 17.33.06 

C " 
C 

CALL dACS~,B 

, RETURN 
500 RETurN 

c ************************.**********************************_****t***** 
C FORH~TS 
C *********-*-*********************-********---***--**-***************** 

301 FORMAT(1H1,111CX,'SOLUTION',/9X,10(1H-), 
1 15X,' ELT. ',2X,'~jQOE 1 ',2X,'f,OOE 2 ',2x,'TYPt;;', 
2 2X,' CODE N~~BERS ',2x,'LoCOo', 
3 15X,0(1H-),2(2X,7(1H-»,2X,4(1H-),2x,36(1H-),2x,~(1H-» 

3C 2 FOR:1 AT (5 .<, It ,3 1(, I 5 ,4 X, ! 5 , 3 I( , 14 ,2 X, 6 ( I 4 ,2 x) ,2 x, ! 5 ) 
3u4 FOP"AT(11X,'LD'OI~G CASE = ',13,2X,'TYPE = ',12,2X,""G~ITUOE " 

1 G13.7,2X,'L.~AR.= ',G13.7,2x,'R.~AR.= ',G13.7) 
30~ FORHAT(/2Gx,'ELEKEHT STIFFNlSS MATRIX',I,(~(2x,G13.7») 
3U6 FO~HAT(/2~X,'TRANSPOSE OF TR~NSFOR~ATION ~~TRIX', 

1 1,0(1:>(2)(,G13.7),/» 
307 FOR~AT(/2GX,'FIXED END FORCES IN LOCAL COORDINATE$') 
3U8 FOR~AT(8(2}(,G13.7» 

3D? FCR'IH (1 X) 
31~ FOR~AT(1X,120(1H-» 
311 FOR"''''T(/20x,'DETEi<'''IN~.~IT ',G13.7,' PCwER = ',110,1) 

PI(I 

--VA~IA6LE ~AP--<LO=~) 

PAGE 4 

-NA~E---~D6RESS--2LOCK-----PRDP[RTIES-------TYPE---------SIZE -N~~E---AoORESS--BLOCK-----PROPERTIES-------TYP£---------S!l~ 

II 1a IIIE 'IB ER I REftL ~AXB"'U 6B I ",,,XV,'LI INTEGER 
DET 15773 'lEAL ~AXNtOl-l Stl 1/1AXVILI I/ITEGE.R 
E Oil I ~E ~EJ ER 1 REAL M~ x NE S 7B II'''' Xv ALI INTEGER 
EM 4:3 1 'IE "!E ER I RE .... L HE 16068 INTEGER 

.EN 58 I HE 'is ER 1 ROL I'lES!' 21)4B II'E"6ERI INTEGER 6 
FE., L 212:3 I IoCr :18 ER 1 ~r AL 3f1 ~NLC 48 II1AXVALI INTEGER 
I 15753 INTEGEP KTYP 1613B INTEGER 
IE 1633a INTEGER NBAND 56 ISVSVALI INTEGER 
I EX 1661 S I1HEGER NBAY 7B ISYSVftLl I NTE. GER 
IJ: / 1b35B INTEGr.il N8EG 160sa INTEGER 
IPJ II 160G8 INTEGER NCRIT 1601 B INTE.GER 
IS 163Da INTEGEIl Ii DC GB IJOINTI INTEGER 6 
I Sf OP 16473 INTEGER IIEL 161(18 INTEGEq 
J 15768 !NTEGER NEL TS 18 ISYSVILI INTEGER 
JE 10346 INTE:GER NEQ 10(128 INTEGER 
J FL G1 '1615 d INTE GER N EQ1 16038 INTEGER 
J FL G2 16169 INTE GE!'I liES," 16040 INTEGER 
J N:! 1 1611a INTEGER NETYP S 38 ISVSVI-LI INTEGER 
J UJ 2 1612il INTEGER NLe 2B ISYSVALI INTE.GER 
J S 16323 INTEG::R NIlE 00 IHAXVIL1 INTEGER 
K 10556 INTE.GER NNooliS UB 1 SYSvALI INTEGER 
KO~ T1 09 lOP TI 0111 HiTEGER HOE Sit 38 n;Axvnl INTEGER 
KO? T2 18 IOPTIOIII INTEGER HUE 2B I"AXVILI IIITEG~R 

K S~ 16240 IfITEGER NUN 1i3 I~AXV}.LI INTEGER 
Lo 164za INTEGER NUS 49 ISVSVILI TNTEGER 
L De Oil 161l.Ll U;TEGEP. Q 1644tl RE~L 

Lor p 1643 ti I1;TE GE Fl RIlS 1356B IsvSrrt11 RE ~ L 250 

L U3 R 1.>3 ISVSV~LI If,TE GEl' PHS S 3326B ISYSHill RUL 2;('\ 

-.-.- -----~--- -- --~--------- ~--.. ~ -~.~---~----- ---- - ---- -.--- - --.- -- ----- --
-----.---~.-
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SUBROUTINE SOLVE 74/176 OPT=O,ROUNO= AI SI M/-D,-OS FTN 5.1TS77 85/09/19. 17.33.06 PAGE 5 
-NA~E---AODRESS--SLOCK-----PROPERTIES-------TYPE---------SIZE -~AHE---AODRESS--6LOCK-----PROP~RTIES-------TYP~---------SIZr 

S 
Sli 
SS 
S U~ 
T 

08 
66 

17508 
1654 B 
1531 a 

/ SY STE1H 
/NE:lBER/ 
/ SY STEM/ 

--PR)eEDURES--(LO=A) 
-~A~E-----~TYPE--------ARGS------CLASS-----

A L:l G1 I) 

8.AC SU 8 
EL" NTE 

REAL 

--ST'TEHENT LABELS~-(LO=A) 

1 
o 
8 

I UHI NS IC 
SU3ROUT IN:: 
SU8ROUT INC 

REAL 
RE I.L 
RE AL 
RE AL 
R!:AL 

750 
126 
751 

36 

X, 
XI 
XL 
Y 

1645B 
28 
3B 

1646B 

IMEMBER/ 
/I1E;'IS ER / 

-NA~E------TYPE--------ARGS------CLASS-----

LOTYPS 
LOCN 
TR.A.NS 

INTEGER 
7 
2 
3 

SUBflOUTI liE 
'STAT FUNC 
SUBROUTI'IE 

RHL 
RE.'L 
RE."L 
REAL 

-LA3EL-A'OREs5-----P~OPERTIES----DEF -LABEL-AOORESS-----PROPERTIES----DCF -LA8~L-ADORESS-----PQOPERTIES----DEF 

10 7558 Oi)-TER~i 
20 1216 
30 INACTIVE OO-TEIlr. 
40 1748 
50 INACTI VE 00- TE Ri" 
60 ItJACTI VE DO-TERM 
70 3168 
80 4438 00- TE R r, 
90 4368 DO-TEll M 

100 INACTIVE 

--tNT RY POIIITS--(LO=A) 
-NA~E---ADORESS--ARGS---

SOL VE 5a o 

~-I/J UNITS--(LO=A) 

153 
42 
40 
53 
51 

'72 
85 

107 
106 
113 

11 rJ 7rJIJ8 
128 INACTIVE 
130 5358 
140 IHACTIVE 
1sn 666B 
160 INACTIVE 
18G INACTIvE 
3C1 1157B 
3(2 1Zf14B 

DO-TERn 

OO-T ER ~ 
OO-T foR ~ 
DO-TER~; 

DO-Hi<" 
FCdll·i.~ T 
fOR!""T 

-NA~E--- PROPERTIES------------- -~AME--- PROPE~TIES-------------

TAP E1 Q 
TAi' E11 
T A? E1 2 

BIN/OIR 
EIII/O IR 
BIN/OIR 

--S THI STI·CS--

P R:l GRAM-UlllT LE ~lGTlt 
sell LASHLED eOI4,.,O/l L::/lGTH 
SCII STORAGE USED 
COli PILE TIME 

TAPE13 
TAPE14 
HPES 

166613 = 950 
422Ga = 2192 

637008 = 265611 
2.091 ~ECO'lDS 

BIll! OIR 
BII</OI.~ 

n~T/ SEa 

144 
110 
11 7 
142 
141 
137 
125 
178 
182 

3("4 
3ns 
31;6 
307 
3'1e 
309 
31(, 
311 
5 .. 0 

1212d FOR/<AT 
12266 FOR,..,.T 
12343 FOR"AT 
1244a FORI'" T 
12528 FORI'IIT 
125 sa FOR1'AT 
12576 FOIi"AT 
12b2d FOR";AT 
114;)B 

-NAHE--- PIIOPERTIES-------------

TAPE6 
T APEa 

. HPE9 

f!1T/SEa 
BIN/OIR 
SIr//OIR 

1113 
18!1 
186 
18d 
189 
19u 
191 
192 
174 

I-' 
,j:::" 

IV 



1 
2 
3 
4 
S 
6 
7 
8 
9 

11') 
11 
12 
13 
14 
15 
16 
17 
1 B 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
35 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
$4 

SUBROUTINE EL~HTE 74/176 OPT=~,R~UND= AI SI ~/-O,-DS FTN 5.1.577 85/09/19. 17.33.06 
DO=-LONG/-OT,ARG=-CONHONI-FIXE~,CS= USER/-FIXED,~B=-Ta/-Se/-SLI ER/-ID/-P~~/-ST,PL=50UO 
FTH5,I=PFRS,3=9,L=LPFRS. -. 

C 

C 

S UBR OUTI ~E" E L>; HT E OlE L, ,~E ,ti EQ,H EQ " r~6 EG, 0 ET, I POw, *) 

tC~~ON IMAXVALI HNE,HU~,NUE,"OESM,MNLC,~AXHEM,MAXBAH,~AXNES 
COHKON ISYSVALI HHODES,HELTS,NLC,NETYPS,NUS,NB~ND,LUaR,HBAY 
CO~~OH ISYSTEKI S(SG,15),RHS(5n,S),SS(5D,1S),RHSS(5D,S) 
CO~~ON 10PTIONI ~OPT1,KOPT2 

C CO~PUTF. THE NU1BER Of EQUATIONS fULLY SU~~ED SO fAR 
C 

IGR=2*HBAY.1 
NfSEQ=~C/IGR*(~6~Y+l)*NUN 

NEAS=~E-4E/IGR*IGR 
IF(NEAS.GT.N8AY) NFSEa=NFS[Q.(NEAS-~6AY)*~UN 

C 
C CHECK IF THE~E IS ANY EQUATION TO SE [LIPINATED 
C 

IF(UFSEQ.LE.NE"n GO TO 10 
C 
C SET THE ~AHGE OF EQUATIONS TO BE ELI~I"~TED (IHCLUSiVE) 
C 

C 

NEHD=NFSEQ-NEa1 
IF(NEND.GT.~AXNE~-~eAHD.1) NF.HD=MAxNE"-NBAND+l 
I~(rlE.Ea.NELTS) HEND=~US-l-NEQ1 

IF(KOPT2.NE.0) THEN 
WRITE(6,302) NEL,"E,NEQ,NEQ1,IGR,H~AS,NFSEQ,NBEG,~EhD 
~RITE(6,303) 

DO 20 I=l,MAXNEH 
2~~RIT~(b,3Q4) I,(S(I,J),J=1,~AXBA~) 

~RITE(6,3DS) , 
DO 30 I=1,~~XN~~ 

31 ~RITE(6,304) I,(RHS(I,J),J=l,~~LC) 

ENDIF 
,C 
C *** PERfORK THE ELIHINATION fROH ~aEG TO NE~D *** 
C 

C 

C 

Kl=NBEG 
K2=NEND 
If(K1.GT.LUeR-NE~1) GO TO 80 
If(K2.GT.LUBR-NEQ1) K2=LUBR-HEJ1 

IF<KOPT2.NE.0> WRITE(6,309) K1,K2 
DC sn K=K1,1<.2 

C WRITE THE FULLY SU~~ED EQU~TIONS 0" T~PE9 AND TAPlS 
C 

C 

WRItEt9,REC=~.NEQ1) (SS(K,J),J=1,N6A~D) 
~RITE(a,REC=~.NEQ1) CRHSS(K,J) ,J=1 ,NLCl 

C CO"PUT! THE ~ETER"IN~NT 
C 

DET=:lET*SCK,1) 
IEX=~,LOG1::(OET> 

OET=OET/1G.D*·IE~ 

Pr\GE 
\ 

r 
( 
I 
I 
I 

I 
i 

I 
( 
I' 

I 
I 

I 

I 
I 
r 

I-' 
oJ:>, 
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56 
57 
5a 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
11Z 

SU6ROUTIi/E ELI'lNTE 74/176 OPT=O,ROUND= AI SI ~/-D,-DS FT~ 5.11-577 85/09/19. 17.33.06 

c 

c 
c 
c 

C 
C 
C 

C 
C 
C 

C 

C 
C 
C 

C 
C 
C 

C 

C 
C 
C 

C 
C 
C 

c 

DO 60 I=K+1,K+~eAND-1 
JJ =1~K+1 
R=S(K, JJ)/ S(K,1) 

ELI~INATE THE SYSTEM STIFFNESS MATRIX 

00 70 J=I,K+N8AUO-1 
JJ=J-I+l 
JJ1=J-K+1 

70 S(I,JJ)=S(I,JJ)-R*SCK,JJ1) 

ELIMINATE THE RIGHT HAND SIDE XATRIX 

DO 60 J=1,NLC 
6~ RHS(I,J)=RHSCI,J)-R*RHS(K,J) 

URITE THE FULLY SUh~fD AND ELIMINATED EQUATIONS ON TAPES 13 AND 14 

WRITEC13,REC=K+NE(1) (S(K,J),J=1,NBAND) 
WRITE(14,REC=I<+NEQ1) CRHS(K,J),J=1,NLC) 

5J CONTINUE . 

I F(K2. EQ.:IEND) GO TO 130 
K1=K2+1 
KZ=NEND 
IF(KOPT2.NE.C) WRITE(6,309) 1<1,1<2 

8'] DO 90 K=K1,1<2 

WRIT~ THE FULLY SU"~ED EaUATIONS ON TAPt 9 AND TAPE a 

WRITE(9,REC=K+NEQ1) (SS(K,J),J=l,NBI.ND) 
WRITE(8,REC=K+NEQ1) (RHSS<K,J) ,J=1 ,NLC> 

CO~PUTE THE DETERMINANT 

DET= OET* S (K, 1) 
IEX=ALOG10(OET> 
DE T= DE T 11 0 ~ a ** I EX 
IPOW=IPow+IEX 

00 100 1=1<+1,NUS-NEa1 
JJ =I-K+l 
R=S(K,JJ)/S(K,1) 

ELIMINATE THE SYSTEM STIFFNESS MATRIX 

DO 110 J=I,NUS-NEQ1 
JJ=J-I+l 
JJ1=J-K+l 

110 S(I,JJ)=S(I,JJ)-R*S(K,JJ1) 

ELIHINATE THE RIGHT HAND SIDE 

DO 100 J=l,/;LC 
1D~ RHS(I,J)=RHS(I,J)-R*P.HS(K,J) 

PAGE 2 
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SUBROUTI ~E EL~HnE 74/176 OPT=8,qOUNO= AI 51 H/-O,-D5 fT:l 5""577 85/09/19. 17.33.06 

113 
114 
11 5 
116 
117 
11 S 
119 

. 120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
155 
159 
160 
161 
162 
163 
164 
165 
166 
167 
160 

.. __ . _________ -.1§_9 __ . 

C WRIT~ THE FULLY SU"~ED AND ELI~I~ATED EQUATIONS ON TAPfS 13 AND 14 
C 

C 

C 

WRITE(13~REC=K"NEQ1) (S(K,J),J=1,Nd/ND) 
WRITE(14,REC=K.HEa1) (RHS(K,J),J=l,hLC) 

9~ CONTI~uE 

no IF(KOPT2.NE.Ci) THE'! 
WRlTE<6,306) 
00 120 I=1,~AXNE'1 

121 WRITE(6,304) I,(S(I,J),J=l,MAXeA~) 
IIRITE(6,305) 
DO 125 I=l,i'!.'XNE"I 

125 WRITE(6,304) I,(RHS(I,J),J=1,~~NLC) 
EHOIF 

I F <:1 E. E Q • N EL T S) GeT 0 1 4 0 
C 
C SHIFT TH: EQUATIONS ~BOVE 
C 

C 
C 
C 

C 

C 
C 
C 

C 

C 

16" 

15 J 

18'1 

17') 

191') 

20'0 

IDIFR=NE~D-NeEG .. , 
DO 150 K=~IEHD+1,NEQ-/1EQ1 

ou 16G J=1,NS}'NO 
SS(K-IDIFR,J)=SS(K,J) 
S(K-IDIFR,J)=S(K,J) 

,·00 1511 J=1,~lLC 
RHS~(K-IDIFR,J)=RHSS(K,J) 
RHS(K-IDIFR,J)=RHS(K,J) 

SET THE ~EST OF THE EQUATIONS EQUAL TO ZERO 

00 170 K=(NEQ-~EQ')-IOIFR.',NEQ-HEQ1 
00 150 J =1 ,N9M10 

SS(K,J)=IJ.!J 
S(K,J) =0.0 

DO 170 J =1 ,IILC 
RHSS (I<,J )=!). (l 
RH S ( K, J) =J ~ 0 

IF(KOPT2.NE.C) THEN 
ilRlTE(6,307) 
DO 190 I =1,~ "XflE:~ 

WRITE(6,304) I,(S(I,J),J=1,HAXBAN) 
WRITE(6,305) 
DO 20G I=l,~AXNE~ 

WRITE(6,:Hl4) I,(RHSCI,J),J=1,/,P1LC) 
ENOl F 

SET THE POIHTE~ TO ITS NEW POSITION 

NEQl =flEIiD.NEQl 

14~ ~RITE(6,308) 
RETURN 

1!) WRJTE(6,3[J1) 'IF.L,'!~,Nt:l,I\EQl 

I<tTU RN 1 
C *****~**.*******.****.********** •• **.**.**.********* ****************** 

PAGE ~ 

1 

I 
f 
I 
f 
I 
I 
I 

I 
I 
I 
I 

I-' 
,&:.. 

U1 



170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
132 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 

SUBROUTINE EL~NTE 74/176 OPT=n,ROUHD= AI SI ~I-D,-DS FTN 5.1"577 B5/09119. 17.33.06 

C FORMATS 
C ************************~******.********************** ***************. 

301 FOR~AT(/2UX,'TH~~E ARE NO FULLY SUMMED EUUATIONS IN THE "AIN " 
1 'i4E~ORY .' ,/20X,' FURTHER ASSEMBLY CAN II0T PROCEED. " 
2 120X,'(LAST ELE"lENT ASSEIIBLED = ',16, 
3 120x,' ORDER OF THE ASSE~BLAGc = ',16, 
4 120X,' LAST EQUATION NUMBER REFERRED ',16, 
5 120X,' LAST EQUATIOII NUrlBER ELIMINATED = ',16,' ) ',I) 

302 FORMATC/20X,'LAST ELE~ENT ASSEMBLED 
1 120X, 'ORDER OF .~SSt:"BLAGE 
2 12Dx,'LAST EQUATION NUMBER REFER~ED 

3 120x,'LAST EQUATION NUMBER ELI~INATED 

= " I 6, 
= " 16, 

, ,16, 

4 1120x,'NUMilER OF ELEMENTS AT EVERY 'STORY 
, ,16, 
, ,16, 
, ,16, 
, ,16, 
',16, 

5 1211X, 'NEAS 
6 12Gx,'NU~BER OF FULLY 5U~HEO EQUATIONS SO FAR 
7· 1120x,'ELINIII~TION BeGINS FROM ROW 
8 120x,'ELI~INATION ENDS AT ROW 

303 FORMATC/2UX,'SYSTE~ STIFFNESS MATRIX CBEFORt 
304 FOR"!AT C1 X, 'ROII=' ,13, C8 C2X,G13. 7») 
3Q5 FORMATC/20x,'SYSTEH LOAD HATRIX',I) 

',I6,/) 
E LI ~ I "f" TI 0 II ) , , I ) 

306 FORHATC1X,125C1H-),/2UX,'SYSTE" STIFFNE$S MATRIX CAFTER " 
1 'ELIr1INATIOrl)',f) 

307 FOR~ATC1X,125C1H-),/20X,'SYSTEM STIFFM~SS MATRIX CAFTER " 
1 'SHIFTI~G)',J) 

303 FORHATC/1x,12QC1H-» 
309 FORMATC/20x,'K1 = ',I6,/20X,'K2 = ',16,/) 

END 

--VA~IAaLE HAP--CLO=A) 

PAG!:. 4 

-~A~E---AOORESS--BLOCK-----PROPERTI(S-------TYPE---------SIZE -NAME---AOORESS--BLOCK-----PROPEPTIES-------TYPE---------SIZ~ 

C ET 6 o UI~ "IY-A R G !lEAL NBEG 5 DUM~Y-f.RG INTEGE:! 
I 1tl269 INTEGER NEAS 16249 INTEG~P 

. IoI F R 16678 INTEGER N.EL 1 OUNF'Y-ARG INTEGE'" 
I EX 1642£3 INTEGER NEL TS 1 s ISYSVALI tUTEGER 
I GR 16226 I1HEGER NEND 16250 INTEGER 
I PJ l~ 7 our'IY-A R G INTEGER NEQ 3 DUMY-ARG INTEGER 
J 103UB INTEGER N EQ1 4 DUHMY-ARG IIITEGEP 
J J ,1644B INTEGER NETYP S 3B ISYSVALI INTEGER 
J J1 '1647a INTEGER NFStQ 16239 INTEGER 
K 1636B INTEGER NLC 2B ISYSVALI ·INTEGER 
KO?T1 OB 10PTIONI INTEGER NIlE OS IIIAXVIL1 INTEGER 
KO~ T2 1 S IOPHONI INTEGER NNODES OB I SYSVALI INTEGER 
K1 ·1634 B INTtGER IIOE S~ 3B Ir:AXVALI INTEGER 
K2 H35U INTEGER NUE 2B It':AXVALI INTE.GER 
LU3 R 6B ISYSW,LI INTEGER NUN 1B H1AXOLI INTEGER 
MAX 6AN 6B 111" XV"LI IIlTE GE R NUS 4a ISYSVJ.LI INTEGER 
,. AX NE tl 5B IHAXVALI I:'lTEGER 1\ 1645B RBL 
HOlES 70 nV.xvALI ItITEGER RHS 13569 ISYSTEMI REn 251) 
t<E 2 DUI"11Y-ARG I:'lTEGER RHSS 3326B ISYSTO" RE.AL 250 
/'iN:" C 46 I."''' xv AL 1 INTEGE::! S uS ISYSTEIU qE '.L 750 
NB~ tiD 5& ISYSVALI IriTEGER SS 175GB ISYSTH:I ~En 750 
NIH Y 7B 1 SY SVALI lUTEGER 

I-' 
,j::.. 

0'\ 



SUOROUTI'IE "L.MITE 74/17tJ OPT=O,~OUNO= '" SI H/-O,-OS FTN 5.1-0-577 

--PR'CEOURES--(LO=A) 
-NA~E------TYPE--------APGS------CLASS-----

AUGH REH IT4TRI.'lS IC 

--ST'TEMENT LABEL.S--(LO=A) 
-LA3EL-~00RESS-----P~OPERTIES----OEF -LABEL-AODRESS-----PROPERTI~S----~EF 

10 1313B 
20 INACTI'IE 
30 II<ACTIVE 
50 INACTIVE 
60 INACTI yE 
70 INACTI'/E 
80 461 e 
90 INACTIVE 

lOll It.ACTIVE 
11 [) HiAC TI 'IE 

DO-fER'" 
DO-fER ,. 
DO-TERI' 
OO-TEF.r. 
OO-TEPi 

DO-TEIlI­
OO-TERi1 
DO-TE Rl, 

--EUTRY POINTS--(L.O=l> 
-NA~E---'ODRESS--ARGS---

EL't HTt; 65 7 

--IIJ UIHTS--(L.O=A) 

167 
29 
32 
77 
71 
66 
83 

117 
111 
1110 

-NA~E--- PROPERTIES-------------

T A~ :1 3 
TA? E14 
TAP E6 
TI.? ES 
TA" <:9 

BIU/DIP. 
BIU/OIR 
Fr1T/Si:Q 
BIN/OIF. 
BIII/OIR 

--sn TI ST I CS--

PRJGRM-I~UHIT L.E.'lGTH 
SC~ LABEL.LEO CC~HON LENGTH 
SC'! STORAGE USED 
COl\PILE TI!1E 

17049 = 964 
37429 = 2018 

637GCia = 2656'1 
2.123 SECCilDS 

120 I'lACT!VE 
125 INACTIVE 
130 737B 
140 13108 
150 I~IACTIVE 
16(1 INACTIVE 
17(; IrlACTIvE 
18 G ItI.t.CT I 'IE 
190 HIACT IV E 
2UO It/ACT IV!: 

OO-TER~, 
OO-T ER i~ 

DC-TERM 
OO-T~Rr 
OU-TER~ 

OO-TERH 
OO-TrR~ 

OO-TFR~ 

122 
125 
119 
164 
139 
1.56 
149 
146 
154 
157 

gS/09/19. 17.33.06 P"G~ 

-LABEL-AOORESS-----PROPERTIES----OEF 

301 13279 
302- 13658 
303 14508 
3!J4 14579 
305 14638 
3% 14078 
307 1S00a 
3f1b 15HlU 
3 n9 15138 

FORI"AT 
FOR~I"T 
FORI'1,H 
FOR~'AT 

fORM" T 
fORt1AT 
fOR,IAT 
FORt-AT 
FOR"" T 

17C! 
178 
187 
188 
189 
19;.: 
192 
194 
195 

5 I 

\ 
\ 
( 

I 
I 

I 
I 
I 
I 

I-' 
.s::. 
-...J 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
1 5 
16 
17 
13 
19 
2r. 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

SUBROUTINE STIFFH 74/176 OPT=n,~OUNO= AI SI M/-O,-oS FTN 5.1+577 85/Q9/19. 17.33.06 
OO=-LOHG/-OT,ARG=-COMMON/-FIXED,CS= USER/-FIXED,OO=-T&I-S6/-SLI ER/-IO/-P~D/-5T,PL=500Q 
FTN5,I=PFR5,a=S,L=LPFR5. ~. 

C 

C 

SU8R OUTI NE ·'S TI FFH( KS 11) 

to"~ON I~EHSFRI E,~,XI,XL,EM,EH,SM(6,21),HESK(6),FE~L(6,5) 

BXL=1.111 XL 
S=A*E*SXL 
AI=4.0*E*X!*8XL 
ElI=u.S*AI 
Cl=(,I,X +BI) *9XL 
0=2.0*Cl*BXl 
SH(KSr.,1 )=5 
SI1<KS;<I,2)=0.0 
SI'I(KSI',3)=0.0 
SHKS;1,4 )=-S 
StHKSH,5 )=0. G 
SI;(K5tl,6)=0. [) 
S I1<KSI4, 7)= 0 
SiHKSH,8)=CI*E:-1 
Sr,(KSI',9)=i).O 
S !'C(KSI;,1 ij) =-0 
S~(KS~,11)=S~(KS~,a) 

S14(KS"1,12)=I.I 
SIHKS:~,1 3) =O.J 
S"(KS~,14)=-S"(KS~,g) 
SIHKSK,1S)=eJ 
S?HKS:~,16) =S 
S,4(KS1,17) =0.0 
Si4(KS~,1 0) =0.0 
SIHKSfI, 19) =0 
SH(KSM,ZD)=S~(KS~,14) 

SM(KSM,21) =A1 
RETURN . 
EflD 

--VARIASlE HAP--(LO=~) 

PAGE 1 

-~,A'I E--- A DOR ES S--9 lO CK-----p no PERTIE S------- TV PE---------S 1 H -NA~F---~OORESs--aLoCK-----PP.OPERTIES-------TyPE-------~-SIlE 
I 

A 1 B I ~E ;18 ER 1 ill:: ~,L EN 58 /PIE >le;!,R I REAL 
I:I 1150 RUl FE~L 212B IMEHEERI PEAL 30 
EI 1168 RHl KSI-I 1 DU~I!'CY-AIIG INTEGER 
B XI.. 1133 ~EAL I'1ESM 21l4B ''''E'~tsEiil INTEGER 6 
C I -117 a RE ~L S 1146 REAL 
D 12CB RIO ~l SH 68 IHEHBEiil REAL 126 
E DB I:-IElIElERI REAL XI 28 Ifo!E!-IBERI RE,AL 
E t! 4 S 1 ME ?IS ER I REAL XL 3B '''E~8ERI RE1,l 

\ 
I 

l 

I-' 
~ 
(Xl 



SUSROUTI~E STIFFH 

--ENT RY POINTS--CLO=A) 
-NA~E---ADDRESS--~RGS---' 

STIFFH 5a 

--STHI STI CS--

PR)GRA'-U~IT LENGTH 
SC" LAflELLED CO"'~OIj L"tIGTH 
SC'1 STORAGE USE!> 
CO'1PILE TII'!E 

74/176 OPT=',ROU~D= AI SI H/-D,-DS 

.' 

1239 = 03 
2509 = 168 

6170CO = 25536 
0.293 SECONDS 

FTN 5.1"577 85/09/19. 17.33.06 P"Ge. ~ 

\ 
I 
, 
I 

! 

I-' 
~ 
\D 



SUBROUTIN~ STIFFV 74/176 OPT=Q,~OUND= AI SI M/-D,-DS FTH 5.1+577 85/09/19. 17.33.06 
DO=-LONG/-OT,ARG=-CO~MONI-FIXED,CS= uSER/-FIXED,DB=-T&I-SB/-SLI ER/-ID/-P~D/-ST,PL=5QOO 
FTr,5,I =P FR 5, 6=:3, L=LP FR 5. ~. 

PAC~ 1 

1 SUBRounllE STI FFV(KSH) 
2 C 
3 CO:~!10N IHE~8ER I E,A, XI ,XL, EH,EN, SIH6,21) ,I-lESIH6) ,FEHL<6,S) 
4 C 
5 BXL=1.!J/XL 
6 S=A*E*8XL 
7 AI=4.0*e*XI*8XL 
8 BI=u.s*AI 
9 C I=(AI +O!) *eXL 

10 D=2.0*CI*BXL 
11 SIHKSfl,1 )=0 
12 SiHI<SH,2)=O.O 
13 SH(KS~,3)=-CI*EN 
14 StI:(KSK,4)=-D 
15 SI-!(KS;'\,5)=~.n 
16 SrHKSi-I,6)=SH CKSIi,3) 
17 SH(r:S~,7)=S 
18 S"HKS~,8)=a. [' 
19 S~(KS~,9)=O. 0 
20 SH(KSK~10)=-S 
21 SH(I<S~,11)=O.O 
22 SM(KS~,12)=AI 
23 .S IH K S 11 , 1 3) =- S'~ (K S M, 3 ) 
24 SH(KSM,14)=O.O 
25 SHCKS~,15)=aI 
26 SH(KS~,16)=0 
27 SM(I<S~,17)=O.O 
28 H:CKS:o\,13) =S/\{KSH, 13) 
29 SHCKSH,19)=S 
30 S~CKSK,20)=O.D 
31 SHCKS~,21)=AI 
32 RETURN 
33 END 

--VARIABLE MAP--(LO=A) 
-NA~E---AOORESS--8LOCK-----PROPERTIES-------TYPE---------SIZE -NA~E---ADDREss--aLOCK-----PROP~RTI~S-------TYPE---------SIZE 

I. 1 8 IME iiB ER I 
~.I 115B 
81 1160 
8 XL 113 B 
CI 1178 
o 120B 
E 06 IHE'IBERI 
EM 48 I ME '1B ER I 

REAL EN 56 IMEMBERI REAL 
REAL fEl'iL 212a IHe"l8ERI REAL 30 
REAL KSM 1 DUHKY-ARG INTEGER 
REAL MES'i 2048 I!"E'!6ERI INTEGiOR 6 
REAL s 114a REAL 
~EAL SM 66 IHE~eERI REAL 126 
REAL XI 28 I~E~BERI REAL 
RHL XL 38 "'EMBERI RE.'.L 

I 

i 
! 
I 
i 
I 
I 
I 

I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
t 

I 
I 
\ 
t 
I 

I-' 
Ul 
0 



SUBROUTINE STIFFV 

--ENTRY POINTS--(LO=A> 
-NA~E---ADDRESS--ARGS---

STIFFV 58 

--5 T~ TI ST I C S--

PR:lGRAM-UiHT LENGTH 
SC~ LAllELUO C0l11101l 
SC'I STOR,1.GE USED 
CO'lPILE TIf-IE 

L!:NGTH 

74/176 OPT=Q,ROUIlO= AI 51 "'/~O,-OS 

1238 = 83 
2508 = 168 

617003 = 25536 
0.296 SECONDS 

FT II 5.1 + 577 85/09/19. 17.33.06 p"GE '2 

1 
[ 
t 
I 
I' 
( 
I 

I 
! 

I-' 
Ul 
I-' 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

SUdROUTIHE STIFF 74/176 OPT=O,ROUIIO= AI 51 1'1/-0,-05 FTN 5.1~577 85/09119. 17.33.06 P~GE 
DO=-LONG/-OT,ARG=-COM~ONI-fIXED,CS= USER/-fIXED,DB=-TB/-SB/-S~1 ER/-ID/-PMO/-ST,P~=50CG 
fTN5,I=PFR5,B=8,~=LPFR5. 

C 

C 

5UBROUTI~IE' STI FF (K5'0 

'COMMON IIIEMBERI E,A, XI,XL, EH,EN, 51'i(6,21 ),ME5M(6) tFEHL<6, 5) 

BXL=1.0/XL 
5=A*E*BXL 
AI=4.0*C*XI*SXL 
Bl=0.5*AI 
CI=(AI~6I> *BXL 
0=2.0*CI*BXL 
SH(KSM,1)=O*EN*~N~S*~M*EK 
SM(K5M,2)=(S-0)*EH*EN 
5 PHK SH,3 )=-C 1* I:N 
S~(KSM,4)=-SM(KS~,1) 
SI1<K SI';,5 )=-SI\( KS ", 2) 
SH(KS~,6)=SH(KSM,3) 

SH(K5H,7)=0*EH*E~+S*E~*CN 
SM(KS?I,I!)=CI*E;~ 
S~(KSM,9)=5H(KSH,5) 
S~(KSM,10)=-S~(KSM,7) 
SH(KSM,11)=SH(KSn,S) 
SI'I(KSI'I,12) =AI 
5M(KSM,13)=-SM(KSM,3) 
SH(KSM,14)=-SX(KS~,8) 

S'1<KSI'I,15) =61 
SM(KSM,16)=SM(KS~,1) 
SM(KSH,17)=S~(KS~,2) 
SI,,:(KSI1,13) =SI"( KSH,13) 
SMCKSH,19) =SI1(KS~,7) 
SM(KSM,2D)=SM(KSM,14) 
SII<KS",21)=AI 
R ETU RN 
E140 

--VARIABLE HAP--(LO=A) 
-NA~E---AODRESS--B~OCK-----PROPERTIE5-------TYPE-----_---SIZE -NA~E---AOORESS--BLOCK-----PROPERTIES-------TYPE---------SIZE 

A 18 II1E'19ERI 
AI 123S 
B I 1240 
S XL 121 B 
CI ·1258 
o 1268 
E os IHEnSERI 
E H 48 1 HE .'1B ER 1 

REAL EN 5B IMEi~eERI REAL 
REAL FEH~ 212B IHEMBERI RE.'L 30 
REAL KSH 1 OUIHI'(-ARG INTEGER 
REAL foIES!'! 204B II'EI'!BERI INTEGER 6 
REAL S 1229 REAL 
REAL SH 68 IMEMBERI REAL 126 
REAL XI 2B I/~E ~B ER 1 RE.I.L 
REAL XL ~B IMEMBERI P.E.'L 

I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

i" 
I 
! 
I 
I 
I 

l 
I 
I 
I 
i 
~ 
I 
I 
( 
I 

I 
I 

I 
\ 
I 

i 
t 

I 

I 
I 
\ 
( 

I 
( 
I 
I 

i 
j 
I 
I 
I 
I 
I 
J 
I , 
( 
i 

I-' 
111 
N 



SUBROUTI PiE STI Ff 

--ENrRY PQINTS--(LO=A) 
-NA~E---ADDRESS--ARGS---

STI Ff 58 

--ST'TISTICS--

PROGRA~-UNIT LENGTH 
SC~ LABELLED CC"~ON L~NGTH 
SC~ STORAGE USED 
CO'lPILE TI~E 

74/176 OPT=l,ROU~D= AI 51 nl-D,-DS 

1318 = 89 
2509 = 163 

617008 = 25536 
0.347 SECONDS 

FTN 5.1+577 85/09/19. 17.33.06 PAG~ 2 \ 

I 
I 
( 
i 
I 

i 
:. 

I 
( 

I 
I 
I 
I , 

I-' 
111 
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SU8ROUTINE TRANS 74/176 OPT=O,nOU~D= AI SI H/-D,-DS FTN 5.1+577 85/09/19. 17.33.06 
DO=-LONG/-OT,ARG=-CO~MON/-FIXED,CS= USER/-FIXED,DB=-TE/-SB/-SLI ER/-ID/-PMD/-ST,PL=SDOD 
FTN5,I=PFR5,6=0,L=LPFR5. _. 

1 SUOROUTINE,'TRAIIS (El'l, f:N,J) 
2 C 
3 DltlENSIOti Ha,o) 
4 C 
5 T (1 , 1> = E Ii 
6 T (1,2) =E:l 
7 T(2,1)=-EN 
8 T(2,2)=E~ 
9 T(3,3)=1.0 

10 T(4,4)=E:1 
11 T<4, 5) =EH 
12 T(5,4)=-E:N 
13 T(5,5)=E~ 
14 ,'(6,6)=1.0 
15 RETURtj 
16 END 

--VA~IABLE MAP--(LO=A) 
-NA~E---ADDRESS--BLOCK-----PROPERTIES-------TYPE---------SIZE 

Ell 
EN 
T 

1 
2 
3 

DUMMY-ARG 
DUP,;:iY-ARG' 
DU!I:1Y-ARG 

--ENrRY POINTS--(LO=A) 
-NA~E---ADDRESS--ARGS---

TR' NS 56 

--Sl'TISTICS--

PRJGRA~-UIIIT LENGTH 
SCII STORAGE USED 
CO~PILE TI/;E 

3 

REAL 
~EAL 

REAL 

459 = 37 
617000 = 25536 
0.116 SECONDS 

36 

PAGE. 1 

I, 

I 
I 

! 
t 
\ 
\ 
I, 
I, 
I, 

\ 

\ 
r 
I 
f 
I 
I 
r 
I 

r 
I 
I 
I, 

L_ 

I-' 
U1 
,j:o., 



SUBROUTINE LPTYPS 74/176 OPT=8,ROU~O= AI ~I MI-D,-DS FTN 5.1.577 85/09/19. 17.33.06 
DO=-LONG/-OT,ARG=-COHMONI-FIXEO,CS= USER!-FIXEO,OB=-TS!-SS/-SLI ER/-IO/-P~O/~ST,PL=SOOO 
FTN5,I =P FR 5, 0=3, L=LP FR 5. - , 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
13 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 ! 

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

C 

C 

C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

11' 

S UBR OUTl HE· LOT YP S (fIE L, LO,L OTP, Q, X, Y, *) 

'CO"~ON !"ERBER! E,A,XI,XL,E",EN,S~(6,21),~ESM(6),F(6,S) 

GO TO (10,20,3J,40),LOTP 
WRITE(6,301)LOTP,NEL,LD 
RETURN 1 

UNIFORMLY OISTqlaUTEO LOAD 

X= LEFT :~ARGIU 
Y= RIGHT MARGI~ 

Z=XL-( x.n 
!FCZ.LE.O.O) THEN 

WRITE(6,303) NEL,LO,LDTP,XL,X,Y,Z 
RnU'lN 1 

END IF 
F (1, LD ) = D. 0 
F(4,LD)=u.O 
F(3,LD)=~/(12.0*XL*XL)*«XL-X)**3*(XLT3.0*X)-Y**3*(4.0*XL-3.0*Y» 
F(6,LD)=-Q!(12.0*XL*XL)*«XL-Y)**3*(XL.3.U*Y)-X**3*(4.O*XL-3.u*x» 
~(S,LD)=(Q*Z*(X.Q.5*Z)-F(3,LD)-F(6,LDl)/XL 
F(Z,LO)=Q*Z-F(5,LO) 
GO TO 50 

VERTICAL POINT LOAD 

2r:l I F(X.Y .N/;. XL> THEN 
IIRITE(6,302) IIEL,LD,LDTP,XL,X,Y 
RETURIi 1 

ENOl F 
F(1,LO)=(').O 

,F<4,LO)=u.O 
F (3,LO )=Q*X*Y*YI (XL*XL) 
F(6,LO)=-Q*X*X*Y/(XL*XL) 
F (5, LD ) = (Q *x -F (3, L 0) -F (6, L 0) ) ! XL 
f(Z,LO)=Q-F(5,LO) 
GO TO 50 

UNIFOR~LY DIST~IBUTEO AXIAL LOAO 

31 Z=XL-X-Y 
IFCZ.LE.O.Ol THEN 

WRITE(6,303) N!:L,LD,LDTP,XL,X,y,Z 
RETURN 1 

EflDIF ' 
F(2,LD)=i1.0 
F(3,LD)=O.O 
F(5,LO)=0.0 
f (6,LD) =0. (I 
f(1,LD)=-Q*Z/XL*(C.S*Z*Y) 
F(4,LD)=F(1,LO)-~*Z 
GO TO 50 ' 

c __ ~____ C;.5 C __________ --..-: __________________ _ 

P",GE 1 

\ 

" , 
i , 
I 

I' 
I 
I 
I' 
I , 
r 
( , 

I-' 
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56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
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84 
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86 
87 
83 
89 
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97 

SUSROUTINE LDTYPS 74/176 OPT=O,ROUNO= AI SI H/-o,-oS 

. 
C CONCENTRATED AXIAL FORCE I 

C 

C 

C 

C 

40 IF(X+Y.NE.XL> THEN 
. WRITE(6,302) NEL,LD,LOTP,XL,X,Y 

RETU RN 1 
ENOIF 
F(2,LO)=O.O 
F(3,LD)=0.O 
F<5,LD)=!).O 
F (6,LD )=0. 0 

IF(X/XL.LE.XL/100.0) THEN 
F(4,LD)=0.O 
F(1,LD)=-Q 

. GO TO 50 
ENDIF 

F(4,LO)=-Q/(1.0+Y/X) 
F(1,LD)=-(Q+FC4,LO» 

50 RETURN 

FTN 5.1+577 85/09/19. 17.33.06 

c .**************************.****************************************** 
C FORMATS 
C ***********************************************************.*.******** 

301 FORH"T(/20x,'LO"OING TYPE = ',16,' DOES NOT EXIST .', 
1 120X,'(IIl ELE:1ENT ',16,' , IN LO~.DING C/o.SE ',16,1> 

302 FORnAT(/20X,'LEFT AND RIGHT HARGINS DO NOT ADO UP TO LENGTH.', 
1 120X,'CELEI'IENT NO. = ',16, 
2 120X,' LOADHiG CASE ',16, 
3 120X,' LO"DIUG TYPE ',16, 
4 120X,' LENGTH ',G13.7, 
5 120X,' LEFT MARGIN ·',G13.7, 
6 '/20X,' RIGHT r1ARGIN = ',G13.7,' )',1) 

303 FORHATC/20X,'NEG"TIVE VALUE FOR THE LOADED REGION IS NOT VALID.', 
1 120X,'(ELE:1ENT NO. ',16, 
2 120X,' LOADING CASE ',16, 
3 120X,' LOADING TYPE = ',16, 
4 120X,' LENGTH = ',G13.7, 
5 12DX,' LEFT MARGIN = ',G13.7, 
6 120X,' RIGHT ~ARGIN = ',G13.7, 
7 120X,' LOADED L::NGTH ',G13.7,' )'d) 

END 

--VA~IABLE HAP--(LO=A) 

PAGE 2 

-NA~E---ADDRESS--9LOCK-----PROPERTIES-------TYPE---------SIZE -NA~E---ADDRESS--BLOCK-----PP.OPERTI£S-------TYPE---------SIZE 

A 1a 1 ME ~B ER 1 REAL NEL 1 . DU/iHY-ARG' INTEGER 
E 08 II'1E1I0 ER I R E.a.L Q 4 DUH~Y-ARG RHL 
EM 48 I H(?lB ER I REAL SM 6B I r~E""6 ER I REAL 126 
EN 5B I HE HB F;R 1 REAL X 5 DUHMY-ARG REAL 
F 212B 1 MEHB ER I RE .'L 30 XI 2B IHEI1BERI REAL 
LD 2 DUH"IY-ARG INTEGER XL 3B II~E'10ER I REAL 
Lor P 3 DU:1'1Y-ARG INTEGER Y 6 DUIiP<iY-"~G !lEn 
r.ES M 2040 1 HUB:R 1 INTEGER 6 Z 434B RE.lL 

f 

I 
l 
I 
( 

I 
I 
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SUBROUTINE LOTYPS 74/176 OPT=O,ROUNO= AI SI "I-O,-OS FTU 5.1+577 

--ST'TEMENT LABELS--(LO=A) 
-LA8EL-ADDREss-----PROPERTIEs----DEF -LABEL-ADDRESS-----PROPERTIES----OEF 

10 
20 
30 
40 

258 
1148 
156B 
2150 

--ENrRY POINTS--(LO=A) 
-NA~E---ADORESS--ARGS---

LOT YPS 68 . 6 

--l/~ UNITS--(LO=~) 

.. ' 
14 
29 
43 
58 

-NA~E--- PROPERTIES-------------

TAP E6 nIT IS EQ 

--S H TI STI C5--

PROGRA~-UNIT LENGTH 
SOl LASELL£O COM .. ON Lt:flGTH 
SC'I STORAGE USED 
CO'lPILE TItlE 

437B = 287 
25 Os = 16 a 

617006 = 25536 
0.li29SECONOS 

50 
301 
302 
303 

264B 
2768 
3128 
3448 

FORMAT 
FORHAT 
FO RII AT 

76 
80 
82 
89 

85/09/19. 17.33.06 PAGE :3 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3D 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

SUBROUTINE BACSUB 74/176 OPT=O,ROUNo= AI SI M/-o,-oS FTN 5.1.577 85/09/19. 17.33.06 
oO=-LONG/-OT,ARG=-CO~~ON/-FIXEo,CS= USER/-FIXEo,oB=-TB/-SB/-SLI ER/-ID/-PMO/-ST,PL=SOOD 
fTN5,I=PfR5,a=O,L=LPfR5. 

C 

C 

C 

C 

C 

C 

C 

C 

suaROUTINE~BACSUS 

CONMON IHAXVALI NNE,NUN,NUE,NOESN,MNLC,HAXNEM,MAXBAN,MAXNES 
CONKON ISYSVALI NNOoES,NELTS,NLC,NETYPS,NUS,N6ANo,LUOR,NBAY 
CO~"ON ISYSTEM! SC50,15),RHSC50,5),SSC5D,15),RHSSC50,5) 
COMMON 10PTIONI KOPT1,KOPT2 

N EQ1 =N US-IIAX NE 11 
NENo=NBANo 
KREA01 =1 
KREA02=HAXNE~ 

1n IFCNEQ1.LT.O) KREA01=-NEQ1+1 

IfCKOPT2.NE.O) WRITEC6,301) NEQ1,NENo,KREA01,KREA02 

DO 30 I=KPEA01,KREAD2 
RE~o C13,REC='lEQ1 +1) CS (I,J ),J=1,NBANo) 

3·' REAoC14,REC=NEQ1+I) CRHSCI,J),J=1,NLC) 

IFCKOPT2.NE.O) THEN 
WRITE(6,302) 
DO 35 I=1,~lAXNcl1 

.- WRITEC6,303) I,CSCI,J),J=1,MAXBAlD 
35 WRITEC6,303) I,(RHSCI,J),J=1,HNLC) 

ENOl F 

K1=NBAND 
K2=flAXNE!~ 
IFCNEQ1.LT.1) THEN 

K1 =- NE Q1 +NSA 110 
NEND=-NEQ1 +2 

ENDIF 

IF·CKOPT2.NE.0) WRITEC6,304) K2,K1 

C BACKSUBSTITUTION 
C 

C 

C 

C 

DO 100 K=K2,K1,-1 
DO 110 J=1,NLC 

RHSCK,J) =RHS CK,J >lSCK,1) 
DO 110 I=K-NSANO+1,K-1 

JJ=K-I+1 
110' RHSCI,J)=RHSCI,J)-RHSCK,J)*SCI,JJ) 
100 WRITEC14,REC=NE:l1+K) CRHSCK,J),J=1,liLC) 

IFCNEQ1.LT.1> THEN 
K2=K1':'1 
K1=tIENO 

ELSE 
GO TO 180 

ENDH 

IFCKOPT2.NE.0) URITEC6,3G4) K2,K1 

._~ ____ ~ __ ___ .r ___ ._"_ 
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SUBROUTINE BACSUB 74/176 OPT=O,ROUND= AI 51 H/-D,-DS fTN 5.1+577 

56 
57 
53 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
7Q 
71 
72 
73 
74 
75 
76 
77 
78 
79 
SO 
81 
32 
83 
84 
85 

·S6 
87 
S3 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
103 
109 
11 () 
111 
JJ~2 ___ _ 

c ****.***********************************._******************** •• ****** 
C FORI'lf,TS 
C ********************************************************************** 

301 FORi1AT</2QX,"IEQ1 ',16, 
1 120X,'NEND = ',16, 
2 120X,'''RE.~D1 = ',16 
:3 120X,'KRE).o2 = ',Ib,/) 

302 FORHATCl2GX,'STIFFNESS'AHO LOAD /lATRIX CBEFORE BACSUB)',I) 
303 FOPHATC1X,'ROH=',I:3,C8C2X,G13.7») 
304 rORMATC/20X,'OACSUB STARTS F~O~ ROW ',16 

1 /20x, ':lACSUB !:'lOS .n ROil = '116,1> 

85/09/19. 17.33.06 PAGE 2 
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113 
114 
115 

SUBROUTINE BACSUB 74/176 OPT=O,ROUND= AI SI "'-D,-DS FTII 5.1 + 577 

305 fORHAT(/20X,'STIFFHESS AND LOAD MATRIX (AFTER BACSUB ' 
1" ,'AND SHIFTING)',/) 

END ~ 

--VARIABLE ~AP--(LO=A) 

85/09/19. 17.33.06 PAGE 3 

-NA~E---ADDRESS--BLOCK-----PROPERTIES-------TYPE~--------SIZ~ -NAHE---ADDRESS--6LOCK-----PROPERTIES-------TYPE--------~5IZE 

I 1105 a 
101 F 1136 ei 
J 1107B 
JJ 11239 
K 1117B 
KooTl 01:1 IOPTIONI 
KOi'T2 1 B I-OPTIONI 
K RE AD 1 11038 
KR;;AD2 1104tl 
K1 1115 a 

. K2 1116B 
LU3 R 6B ISYSVALI 
HAX BAN 6B I'MAXVALI 
MAX NEH 58 I HfI XvALI 
HAXNES 7B I MA XV .\LI 
MN:.. C 48 I MA XV ALI 
IlIl' NO 5B I SY SVALI 

--ST'TEMEIlT ~ABELS--(LO=A) 
-LA3EL-ADORESS-----PROPERTIES----DEF 

10 16B 
30 INACTIVE 
35 XNACTI VE 

100 INACTIVE 
110 INACTIVE 
130 IIIACTI VE 
140 INACTl VE 

DO-TERK 
DO-Tl:RH 
DO-TERM 
DO-TERM 
DO-TERri 
DO-TERM 

--ENTRY POINTS--(LO=A) 
-NA~E---ADDRESS--ARG5---

BACSUB 49 a 

--Ill UNIT$--(LO=A) 
-hA~E--- PROPERTIES-------------

TAP E13 
TA? E14 
TAi' E6 

BIN/DIR 
BIN/DIR 
F~T/SEQ 

12 
18 
24 
44 
43 
63 
62 

INTEGER HBAY 7B ISYSVALI INTEGER 
INTEGER NELTS 1B ISYSVALI INTEGER 
INTEGER NEND 1102B INTEGER 
INTEGER Il EQ1 11019 INTEGER 
INTEGER NETYPS 3B I SYSVALI INTEGER 
INTEGER NLC 2B ISYSVALI INTEGER 
INTEGER NNE OB IMAXVALI INTEGER 
INTEGER NNODES DB ISYSVALI INTEGER 
INTEGER NOE SM 3B IMAXVALI INTEGER 
INTtGER NUE 2B II'.AXVALI INTEGER 
INTEGER NUN 1 B I I'. A XV ALI INTEGER 
IIITEGER NUS 4B I SYSVAL/ INTEGER 
INTEGER RHS 1356B ISYSTEI'II !<'EAL 250 
INTEGER RHSS 3326B ISYSTEMI REAL 250 
IIlTEGER S OB ISYSTEHI REn 750 
INTEGER SS 1750B ISYSTE~l/ RE.AL 75" 
INTEGER 

-LABEL-ADDRESS-----PROPERTIES----OEF. -LABEL-ADDPESS-----PROPEPTIES----OEf 

145 INACTIVE DO-TERM 66 210 INACTIVE DO-TERM 96 
150 INACTIVE DO-TERti 85 301 76(16 FORI'H 105 
160 IIIACTIVE DO-TEp.rl 83 302 772B fOR I'A T 1 (19 
180 6036 80 303 1001 B FOR "AT 11C" 
190 INACTIVE DO-TER~ 73 304 1005B fORI'AT 111 
200 751 B lUl 305 1016il fORf':AT 113 

~ - ~ ~ - -- - - -------------

\ 
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I 
I 
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SU3ROUTINE 8ACSUB 

--sn TISTICS--

PR~GRA~-UNIT LENGTH 
SC'1 LABELLED CO"~ON L~NGTH 
SC~ STORAGE USED 
COli PILE TIME 

74/176 OPT=O,ROUND= AI 51 M/-O,-DS 

114'52 613 
37426 = 2D18 

637008 = 26563 
1.422 5ECOliOS 

FTN 5.1 +577 85/09/19. 17.33.06 PAGE 4 I 
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1 
2 
3 
4 
S 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2(1 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

SUBROUTINE PRTOISP 74/176 OPT=~,ROUNO= AI SI H/-O,-OS FTN 5.1+577 85/09/19. 17.33.06 PAGE 
DO=-LONG/-OT,ARG=-CO~MONI-fIXEO,CS= USER/-fIXEO,OB=-TG/-SB/-SLI ER/-ID/-PMO/-ST,PL=5QOO 
fTN5,I=PFRS,B=B,L=LPfRS. 

c 

C 

SUilROUTINE PRTOISP 

CO~MON IHAXVALI NNE,NUN,NUE,NOES~,~NLC,~AXNEM,HAX8AN,MAXNES 

CO"MON ISYSV~LI NNOOEi,NELTS,NLC,NETYPS,NUS,N8AND,LU3R,N8AY 
COMMON ISYSTEMI DISP(3,S),DUMHY{1985) 
COHMON IJOINT I NDC(6) 

WRlTE{6,301) 
DO 10 NNUM=1,NNODES 

READ{10,REC=NNUM) JfLG,(NDC(K),K=1,NUN) 
DO 20 K=1,IlUN 

IF(NDC(K).EQ.O) THEN 
DO 30 J=1,NLC 

30. OISP(K,J)=~.n 
GO TO 20 

EL SE 
RE'D (14,REC=:IOC( K» (OISP(K,J),J =1 ,tiLe> 

EN 0 I F 
20 COUTItIUE 

WR ITE{6, 3(;2) NNUr-J, (O ISP(K,1) ,K=1 ,NUIi), (NOC (J ),J=1,IIUN) 
IfCNLC.EU.1) GO TO 11] 
DO 40 J=2,IILC . 

4Q WRITE(6,3D3) J,(OISP(K,J),K=1,NUN) 
1 n CONTINUE 

C ********************** •• *********.************************************ 
C fOR/1ATS 
C ** ** ****** **** ** ** ** ** ** ** ** ****** **** **** ** ** ** ** **** **** **** **** ** *. 

301 FORMAT(1H1,'120X,'~ODAL DISPLACE~ENTS',/19x,21(1H-), 
1 I 5X,' tlOOE ',2X,' LOl,O ',2x,' OISP-X ',2x, 
2 DISP-Y ',2X,' ROTATION-Z ',/5x, 
3 2{6(1H-),2x),'3(13(1H-),2X» 

302 FOR~AT(5X,15,4X,' 1',3X,3(G13.7,2X),3(16,2X» 
303 FCRHAT(14X,I4,3X,3(G13.7,2X» 

. EIID 

--VARIABLE MAP--(LO=A) 
-NA~E---A~ORESS--8LOCK-----PROPERTIES-------TYPE----~----SIZE -NA~E---ADDRESS--8LOCK-----PROPERTIES-------TYPE---------SIZE 

DIS P 08 ISYSTEMI REAL 1 S NDC 08 IJOINTI INTEGER 6 
DU~ MY 176 ISYSTEMI REAL 1985 NELTS 19 I SYSVALI INTEGER 
J 26Sa INTEGER NETYPS 3B ISYSVALI INTEGER 
J L.G ·2628 * S* INTEGER r.LC 2B I SYSVALI INHGER 
K 263E1 I/HEGER NIlE 08 IHAXVALI INTEGER 
LU3 R 613 ISYSVALI INTEGER N NO DE S 08 ISYSVALI INTEGER 
tcA~ 8AII 68 II1A XVALI INTEGER NNU"! 2~UB INTEGER 
M M NEI1 5B iliA XVALI INTEGEr; flOES!'! 36 IHAXVALI INTEGER 
HM NES 70 I !'I A XVAL I INTEGER /lUE 2B I "-A XVJ.L/ tHTEGEP 
~NL C 413 I!'.A XV ALI ItITE GEl! /iUI. 18 I !'.AXV IoL/ INTEGEFI 
NB' ND 58 ISYSVALI IIITEGER /IUS 4B ISYSVALI INTEGE:R 
N8H 78 I SY 5V .\L I IIlTEGER 

I 
I 
I 
I 
I 
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suaROUTINE P~T~ISP 74(17(J OPT=~,ROUHO= A( S( r.(-~,-Os fT~ 5.'+517 

--ST'TEMENT LAOELS--(LO=A) 
-LA3EL-ADoRESS-----pROpE~TIES----OEF -LABEL-~ODRESS-----PROPERTIES----DEF 

10 154B 
201008 
30 IHACT! VI; 
40 INACT! VE 

DO-TERM 
DO-TERI'I -
OO-TERI1 
OO-TER~ 

--ENTRY POINTS--(LO=~) 

-NA~E---AODr.ESS--~RGS---

PRTOISP 49 :) 

--I/J UNITS--(LO=~) 

24 
1Q 
14 
23 

-~A~(--- PROPERTIES-------------

TAP E1 0 
T"" E1 4 
TAP E6 

BItIl DIP 
eIlIID IR 
F:IT IS EO 

--S n TI ST 1 CS--

PR:JGR~!t-UlUT LE'IGTH 
SC'I LAOELLED CQI1HOt. LeNGTH 
SC'I STORAGE USED 
CQ~PILE TIHE 

271 S = 185 
37463 = 2022 

617003 = 25536 
C.467 SECONDS 

3G1 
302 
3G3 

1666 
210B 
2168 

FOR!'!AT 
FORl4n 
FORKAT 

28 
32 
33 

85/09(19. 11.33.06 PIIGE Co 

1 
I 
r 
) 
I 

l-' 
0\ 
W 



1 
2 
3 
4 
5 
6 
7 
3 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
33 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
S4 

SU3ROUTINE ENOFOR 74/17b OPT=a,~OUNO= AI 51 H/-O,-OS FTN 5.'9577 ~5/09/19. 17.33.06 
OC=-LONG/-OT,ARG=-CONMON/-FIXED,CS= USER/-fIXEO,OO=-TB/-SB/-SLI ER/-ID/-PMD/-ST,PL=50QO 
FTN5,I=PFR5,B=3,L=LPfRS. -. 

. C 

C 

C 

C 

C 

C 

C 
C 
C 

C 
C 
C 
C . 

SUBROUTINE~(NDFOR 

COMMON IMAXV~LI NNE,NUN,NUE,NOESM,MNLC,~AXNEM,~AXBAN,HAXNES 
CO~HON ISYSVALI NNOOES,NELTS,NLC,NETYPS,NUS,NBAND,LUSR,N6AY 
COM~ON ISYSTEMI T(6,6),DG(6,5),EFG(b,5),oUHHY(1904) 
COMMON IME~BERI E,A,XI,XL,E~,E~,SM(6,21),~ES"(6),FEHL(6,5) 
COMMON IJOINT I NOC(6) 
COHMON 10PTIONI KOPT1,KOPT2 

LOCN(I,J)=NUE*I-I*(I-1)/2-(NUE-J) 

NESI-I=O 
DO 1 I=1,llUE 
. DO 1 J=1,NUE 

T(I,J)=O.O 
DO 2 1=1,IIUE 

DO 2 J=1,HNLC 
oG (l,J )=o.n 

2 EfG(I,J)=O.O 

3n 

2') 

21 

IIRITE(6,301) <I,I=1,~WE) 

00-10 ~E=1,NELTS 

REAO(12,Re:C=~E) '1TYP,NOC,«FEMLCI,J),J=1,NLC),I=1,NU[;) 
If(KOPT2.NE.O) THEN 

PRINT-,' ELE'cEflT = ',ME,' 'lTYP = ',~;TYP,' NOC = ',NOC 
EN 01 f 

OBTAIN ELEMENT DISPLACE~rNTS FRO~ FILE 

DO 20 1=1, NUE 
If(NOC(I).EQ.O) THEN 

DO 30 J=1,~ILC 
OG<I,J)=I].O 

ELSE 
REAO(14,REC=~OC(I»(OG(I,J),J=1,NLC) 

EN 01 f 
CONT!NUE 
If(KOPT2.NE.O) THEN 

PRINT-,' ELE~ENT OISPLACE~ENTS' 
00 21 I=1,IWE 

PRIIIT.,' ',(OG(I,J),J=1,NLC) 
ENOl f 

OBTAIN ELEMENT STIffNESS MATRIX EITHER fRO~ MAIN ME~ORY 
OR ~ENERATE USl~G SUBROUTINES, GENE~ATE THE TRANSfORMATION ~'TRIX. 

DO 50 I=1,!(AX:IES 
If(RTYP.EQ.KES~(I» THFN 

KSll= I 
READ(11,REC=1TYP). XL,E!',EN 
CALL TRA~S(E~,EN,T) 
GO TO 6(j 

------------__ ~~.~ r~ 
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56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7; 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
93 
99 

10n 
101 
102 
103 
104 
105 
106 
107 
108 
109 
11 Co 

5uaROUTINE E~OFOR 74/176 OPT=n,~OUNO= AI 51 M/-o,-OS FTN 5.1+577 

C 
C 
C 

C 

C 

51 CONT 1NUE 
NESl'I=NES"I+1 
IF(NE:S:1·.GT.I'IAXUES) NES!'=1 
KS ~= NE S1'I 
~ES'l (KSH)='lT'fP 
READ(11,REC=1T'fP) XL~EM,EN,(SM(KSM,I),I=1,N05SH) 
CALL T~ANS(E~,EN,T) 

CO~PUTE END FORCES I~ GLOBAL COORD1H~TES 

61 DO Be 1=1,NUF. 
00 80 J=1,NLC 

SUII=O.O 
DO 90 K=1,ilUE 

IE =1 
JE =1<. 
IF(JE.LT.IE) THEN 

H=J( 
JE =1 

EN 01 F 
IJE=LOCU<rE,JE) 

90 SU~=SUrt+S~(KSM,IJE)*OG(K,J) 
8D EFG(I,J)=SU~ 

,,!F(J(OPT2.IIE.Q) TH~~I 
PRINT*,' ELE~ENT STIFFNESS MATRIX' 
PRI~T*,' ',(S~(J(5H,I),I=1,NOES~) 

PRINT*,' ELErlEI4T TRANSFOfP1ATION MATRIX' 
00 81 I=1,NUE 

(31 PRINT.,' ',(T<I,J},J=1,NUE) 
ENOl F 

C TRANSFOR" THE EHDFORCES TO· LOCAL COORDINATES AND ADO UP WITH 
C THEFIXEO-E~D-FORCES 

C 
00 100 I=1,t1UE 

00 100 J=1,IiLC 
SU~=O.O 
00 110 K=1,NUE 

11 n SUI1=SU~I+T< I, K) *E FG (K;J) 
1UO FE"L(I,J)=F~~L(I,J)+SU~ 

WRITE(6,3G2) ~E,(FEHL(J,1),J=1,NUE) 
IF(NLC.LT.2) GO TO 10 
DO 130 I=2,HLC 

130 WR lTE(6,303) I,(rC'1L (J,1 ),J=1,tIUE) 
11 CONTWUE 

R ETU RN 

85/09/19. 17.33.06 

C ********************************************************************** 
C FOFiI1HS 
C ********.c************************************************************ 

301 F eRMA T (1 H1 , 1/1 5X , , EL E'I. ',2)(,' LOAD I fiG' ,2 X, 6 (6x, 11, ax) , 15 x, 
1 6(1H-),2x,7(1H-),2X,6(13(1H-),2)(),/) 

3u2 FOq~AT(6X,I4,5x,' 1',3X,6(2X,G13.7» 
3Q3 FORHAT(14x,I3,3x,6(2x,G13.7» 

E~,il 

P.l.GE. 2 

\ 
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SUBROUTINE ENOFOR 74/176 OPT=O,ROUNO= AI 51 MI-O,-OS FTN 5.1"577 85/09/19. 17.33.06 PAGE 3 

--VA.IABLE MAP--(LO=A) 
-NA~E---AODRESS--BLOCK--~--PROPERTIES-------TYPE---------SIZE -tlAME---AODRESS--8LOCK-----PROPERTIES-------TYPE---------SIZE 

" 

A 18 1 ME i'\!3 ER 1 
DG 443 ISYSTEf11 
DU~ KY 1408 ISYST!:HI 
E OB I 'IE .'1B ER 1 
E F:; 102a 1 SY STEI',I 
EM 46 /lIE "'6 ER 1 
EN 58 1 ~E tlB F.R 1 
Ft:H 212B 1 "'E,'1B ER I 
I 10463 
IE 1100 B 
I J:; 11023 
J 10473 
JE 1101 B 
K 1076iJ 
KO? T1 DB IOPTIONI 

. I( O? T2 18 1 OPTI ON 1 
KS~ 1071 i3 
LU3 R 69 ISYSVALI 
If A( BA N 68 lilA Xv ALI 
~M NE~I sa 1 rIA XV ALI 
~MNES 7B. 1 I1A XV AL I 
rE 1056 a 

--PRJCEDURES--(LO=A) 
-NA~E------TYPE--------ARGS------CLASS-----

LOC II 
TR' NS 

INTEGER 

--ST'TE~ENT LA~ELS--(LO=A) 

2 
3 

STAT FUIIC 
SU8ROUTI~E 

-LAaEL-ADORESS-----PROPERTIES----OEF 

1 INACTIvE o O-TE Rf'I 15 
2 ItIACT! VE D 0- TE R 1\ 19 

10 6608 DO-TERM 101 
20 IN.-.CTIVE o O-TERl'I 39 
21 INACTI VE DO-TERM 43 
30 I NAC TI VE OO-TER~I 35 

--ENTRY POINTS--(LO=A) 
-~A~E---AODRESS--ARGS---

E NO FO R 40 a 

RE I,L 1\ ESH 2048 
REAL 3D I1NLC 48 
REAL 1904 IHYP 10608 
REAL N8AND 58 
REAL 31) N8~Y 78 
REAL NDC 08 
REAL NfL TS 1B 
REAL 3f'J NESi1 105G8 
INTEGER NETYPS 38 
INTEGER NLC 28 
ItlTEGER NNE 08 
ItlTEGER 'WODES DB 
INTeGER NOE S,'l 36 
INTEGER NUE 28 
INTEGER NUN 1B 
INTEGER ,..us 48 
INTEGER S 1', 68 
I:-lTEGER sur. 1LJ7SS 
INTEGER T 08 
INTEGER Xl 28 
INTEGER XL 38 
INTEGEr 

-LASEL-~DORESS-----PROPERTIES----OEF 

50 INACTIVE OO-TERH 56 
60 3638 66 
80 INACTIVE OO-T EIl'~ 78 
81 H!ACTIVE DO-TERM 85 
90 INACTIVE OO-TER!': 77 

100 INACTIVE OO-TEkl1 96 

It4E~8ERI INTEGEll 
I~AXVALI INTEGE.R 

INTEGEP 
ISYSVALI INTEGER 
ISYSVALI INTEGER 
1 JOINTI INTEGER 
ISYSVALI INTEGE.R 

INTEGeR 
ISYSVALI INTEGE.R 
ISYSV~.LI INTEGER 
Ii'.AXVALI INTEG!:R 
1 SYSVALI INTEGER 
/f~A XV ALI INTEG~R 

IMAXVALI IhTEGER. 
II'.AXVALI ItHEGIOR 
ISYSVALI INTEG!:R 
II'E.MBERI REAL 

I?EAL 
ISYSTEMI ilEAL 
II"E.'1£lERI PHL 
IfoIE:'18ERI PE'L 

-LA8EL-ADORESS-----PROPERTIES----DEF 

110 INACTIVE DO-TERI1 95 
13[, INACTIVE DO-TERM 10U 
301 7128" FOR!1AT 106 
302 7248 FOR "AT 1 01> 
303 73n8 FORI'AT 109 

6 

6 

126 

36 

; 
I 
I 
I 
I 

I 
I 

! 
! 
I 
I 
I 
I 

~ __ ~L 

I-' 
0\ 
0\ 



SU6ROUTINf (HOfOR 74/170 OPT=1,~OUNO= ~I SI H/-o,-OS 

--I/J UNITS--(LO=A) 
-NAHE--- PROPERTIES-------------

TA O E11 
TAP E12 
T A" E1 4 
TAl' E6 

BIN/OIR 
BIIl/OIR 
BIN/OIR 
FHT /SEQ 

--sn T1 ST I C5--

PROGRAH-UN1T LENGTH 
5C~ LABELL~O CO~KON LENGTH 
SC~ STORAGE USEO 
COHILE TIME . 

11128 = 586 
42209 = 2192 

63700e = 26561'~ 

1.356 SECO?-lDS 

fTfl 5.1 .. S?'l SS/09/19. 17.33.06 PACt. 4 

" , 
I 
I 

I 
I 
I 
I 
j 
( 

I 
i 
( 
( 
I 

I 
I 
I 
i 
I 
) 
I 
I 
I 
( 

I.-
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1 
2 
3 
4 
S 
6 
7 
8 
9 

1(1 

11 
12 
13 
14 
1 ~ 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

SUBROUTI~E COTR 74/176 OPT=~,ROUNO= AI 51 M/-O,-DS fTN 5.1.577 85/09/19. 17.33.06 
DC=-LONG/-OT,ARG=-COHHON/-fIXEO,CS= USER/-fIXEO,06=-Td/-SB/-SLI ER/-ID/-PHD/-ST,PL=50a~ 
FTNS,I=PFRS,3=B,L=LPFRS. 

C 

C 

C 

C 

SUBROUTI"E CDTR(NUN,N~OOES) 

DI~ENSION Y(400),YN(400),NODE(400),NDC(3) 

WRITE(6,3001 ) 

READ(S,*) NNO 
READ(S,*) (NODE(I),Y(I),1=1,NNO) 

00 10 1= 1, Nil 0 
1;) Y/I(I)=Y<I)/yC1) 

DO 20 1=1, NNO 
REAO(1Q,REC=~ODECI» JFLG,(NDCC1),J=1,NUN) 

20· NODE(I)=NDCC1) 
REhD(14,REC=NODEC1» DI~AX 
sur1=0.0 
SUf1DN=O.') 
DO 30 1=1,NHO 

READ (14, RE C=~OOE (I» D ISP 
DN=D ISPI DMAX 
SUM=SUK.A6S«DN-YNCI»*ON) 
SUMDN=SUHDN.'8SCDN) 

3~ WRITEC6,3002) I,Y(I),DISP,DN,YN(I) 
WPFRR=SUM/SU~DN*10n.J 
WRITEC6, ,r.n3) ;jPERR 
RETURN 

C *******************************-************************************** 
C FORMATS 
C ********************************************************************** 
3001 FOR~AT(112DX,'COHP~RISON OF TRIANGULAR DISPLACEHENT DISTRIBUTION', 

1 120X,' AND REAL DISPALACE~ENT DISTRIBUTION CHORIZQNTALS ONLY)' 
2 1120X,' DOF ',2X,' HEIGHT OF THE NODI; ',2X, 
3 REAL ·DI.5PLACEI'E~T ',2X,' OISPI/D"IAX ',2X, 
4 'NORMALIZED TRI~NG.DISP',/20X,S(1H-),4(2x,22(1H-») 

3002 FORHAT(2aX,I5,4(2X,G22.16»· . 
3003 FORI1AT(1125X,'~EIGHTED PERCENT ERROR = ',G13.7) ,. 

END 

--VA~IAeLE MAP--(Lo=a) 

PAGE 1 

-~A~E---~DDRESS--9LOCK-----PROPERTIES-------TYPE---------SIZE -HAHE---AODRESS--8LOCK-----PP.OP~RTIES-------;YPE---------SIZE 

DIS P . 2624 a RC::AL NNODES 2 ·DU"~Y-ARG UNUSED/*S* INTEGER 
DMH 26208 REAL NODE' 1765 B INTeGER 4liD 
OH 2625tl REAL NUN 1 DU"tlY-"'~G INTEGER 
I 2611 a INTEGER SUM 26216 RElL 
J 2616E1 INTEGER SUHDfl 26226 'lE.lL 
J f;.. G 2b1S!I *S* INTEGER 'oIPEPR 26266 '!E~L 

Ii DC 26056 INTEG!:? 3 Y 3258 IIElL 411r1 
HNO 261U6 INTEGER HI 11458 OE1L 4UO 

I-' 
m 
()) 



SUBROUTINE COTn 74/176 OPT='),P.OUNO= AI 51 :oI/-O,-OS fTN 5.11-577 

--PRJCEDURES--(LO=~) 
-NA~E------TYPE--------ARGS------CLASS-----

ABS GENER IC INTRIIISIC 

--ST'TEnENT LASELS--(LO=A) 
-LA3CL-AODRESS-----PROPERTIES----DEF -LA5EL-AODR~SS-----PROPERTIES----OEf 

10 IhACTI VE 
20 INACTI VI: 
30 INACTIVE 

DO-TERK 
OO-TERH 
DO-TERM 

--ENTRY POINTS--(LO=A) 
-HA~E---ADDRESS--~RGS---

COT R 53 2 

--!/J UNITS--(LO=A> 

11 
14 
23 

30G1 
3002 
3003 

-NA~E--- PROPERTIES-------------

TAP E1 () 
HPE14 
TAP E5 
TA'" E6 

BUt/DIR 
SHlIDIR 
F~T/SCQ 
FBT/SEQ 

--5" TISTICS--

PRJGRA:I-u:nT LENGTH 
SC'\ STOR~,GE USED 
COil PILfO TI/",E· 

17.52.59. UCLP, AI., PU4 , 

26316 = 1433 
617008 = 25536 
(l~455 SECO~IOS 

1.927KLNS. 

2029 
2378 
2438 

FORMAT 
FOR1'!AT 
FO RM AT 

3(1 

35 
36 

8S/~9/19. 17.33.06 PAGE. 2 
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APPENDIX B - COMPUTER PROGRAM SPEC 

DATA INPUT TO SPEC 

I. HEADING CARD (20A4 ) 

Input List HEAD 

Explanation 

HEAD 

II. CONTROL CARD 

Input List 

Explanation 

NSPEC 

H 

TMAX 

IPRTl 

character array containing the title for 

the problem 

NSPEC, H, TMAX, IPRTl 

number of equations to be integrated 

time step, ll.t 

finish time 

option for printing the computed 

accelerations, velocities and displacernnts 

at every integration point; '~ 

= 0; prints 

= 0.; does not print 



171 

Note integration will be carried out for 

t ':::;TMAX. 

III. PERIOD CARD(S) 

Input List: (PERIOD (I), I=l, NSPEC) 

Explanation: 

PERIOD arrqycontaining the periods of the 

single degree-of-freedom equations to 

be integrated 

IV. DAMPING RATIO CARD(S) 

Input List: (D(I), I=l, NSPEC) 

Explanation: 

D 

Note 

array containing the damping ratios 

of the single degree-of-freedom equations 

to be integrated. 

D(l)corresponds to PERIOD (1) , etc. 
\ 

V. ACCELERATION FUNCTION DEFINITION CARDS 

V. A CONTROL CARD 

Input List NFRC, SCATIM, SCACC, IPRT2 

Explanation 



NFRC 

SCATIM 

SCACC 

IPRT2 

Note 

172 

number of acceleration function 

definition points 

: time scale 

acceleration scale 

option for printing the input 

acceleration function definition 

values i 

= 0 does not print 

# 0 i prints 

The input time and acceleration 

values are multiplied by SCATIM 

and SCACC, respectively. 

V.B TIME v.s. ACCELERATION CARD(S) 

Input List 

Explanation 

"T 

Note 

(T(I), F(I), I=l, NFRC) 

array containing the acceleration 

values 

F(l) corresponds to T(l), etc. 

Pairs must be input in the order 

of ascending time value •. 



2 
:3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
13 
19 
20 
21 
22 
23 
24 
25 
26 
27 

.28 
29 
30 
31 
32 
33 
34 
35 
36 

PROGRAM SPEC 74/176 OPT=O,ROUNO= AI 51 ~/-O,-oS FTN 5.1+577 B5/Q9/19. 17.35.52 PAGE 
OO=-LONG/-OT,ARG=-CO"HO~/-FIXEO,CS= USER/-FIXED,Oa=-TB/-SB/-SLI ER/-IO/-PMO/-ST,PL=50DD 
FTN5,I=SPEC,8=a,L=LSPEC. 

C 

C 

C 

C 

C 

C 

C 

PROGRAM SP£CCINPUT,OUTPUT,TAPE5=INPUT,TAPE6=OUTPUT) 

PARAMETER (N =10) 
PARAMETER (flF=1000) 

DIMENSION 
OIKEfiSIOfi 
DIMENSION 
OI~ENSION 

Dl"EfiSIOH 

HEAO(2Q) 
F(NF),T(flF) 
PERIOO(N),U(N),O(H) 
A(N),B(H),E(N),D0CN),VOCN),~n(H),01(H),V1(N),A1(N) 

SPECA(f/),KSFECCf/),TSPECCN) 

READCS,'C20A4)') HEAD 
WRITEC6,300[') 'lEAD 
REAOCS,*) NSPEC,rl,TMAX,IPRT1 
REAOC5,*) CPERIOOCI),I=1,NSPEC) 
REAOC5,·) (OCI),t=1,HSPEC> 

REAOC5,·) NFnC,SCATI~,5CACC,IPRT2 
REAOC5,·) CTCI),FCI),I=1,NFRC) 

WRITE(6,3002) flSPEC,H,T"~X,IPRT1 

WRITEC6,3C1C) 
DOS 1 =1,N SP EC 

WCI)=2.J*3.1415926S4/PERIOOCI) 
ACI)=2.0·0(I)~~CI) 
BC I) =Io! CI )*~;C 1) 

ECI)=1.0+ACI)·H/2.n+8(1)·H*rl/6.0 
WRITEC6,3r15) I,PERIOOCI),~CI),OCI) 

5 CONTINUE 

20 

00 20 I=1,tlFRC 
T( 1) =T CI ) * SCAT H~ 
FCl)=FCI)*Sc.a.CC 

IF(IPRT2.NE.O) WRITEC6,3001) 
1 

NFRC,SCATI~,SCACC,(I,TCI),FCI), 

1=1,HFRC) 
37 C 
38 WRITEC6,3035) ; 
39 TT=O.O I' 
40 K=O 
41 K 1 =1 I 
42 K2=2 
43 C 
44 00 1S I=1,NSPEC ! 
4S SPECHI)=O.O I 

46 KSPEC(I)=O , 
47 1 5 T:; P!: C·( I) =0.0 I 
48 C ! 
49 IF(TT.GT.THAX) GO TO 200 t 
50 31) IF(J<2.GT.flFIiC) THEN \ 
51 ACC=:1.0 l' 
52 GO TO 4(; , 
53 EHOIF I 

,. 
'. 

54 IF(TT.LC.T(K2» THEN I 
5 5 AC c= F (;(1 ) t C f (J( 2) - f (K 1) ) I (TC 1\ 2) -T( K 1) ) -- <T T-TC 1\1 »J_~ 

I-' 
-...J 
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56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
3D 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 ; 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
11 C 
111 
'L1~'" 

PROGRAI4 SPEC 74/176 OPT=O,POU~O= AI SI ~/-O,-DS FTI~ 5.1~577 

C 

C 

C 

C 

C 

C 

C 

C 

ELSE 
1<1=K2 
K2=K2+1 
GO TO 30 

ENOIF 

40 DO 45 I=1,NSPEC 
45 AO(I)=-ACC~~(I)*~G(I)-a(I)*DO(I) 

10Q TT=TT~H 
K=K+1 
IF(TT.GT.T!-!AX) GO TO 200 

5] IfCK2.GT.NFRC) THEN 
ACC=O. i) 

GO TO 70 
'ENol F 
IFCTT.LE.TCK2» TH~N 

ACC=FCK1)+(F(K2)-FCK1»/(T(K2)-T(K1»*(TT-T(K1» 
ELSE 

K1 =K2 
K2=K2+1 
GO TO 50 

EhDIF 

70 D~ 75 I=1,NSPEC 
AA=V~(I)+~~(I)*H/2.J 
BB=pn(I)+VO(I)*H+h0(1)*H*H/3.0 
~1 (I )=(-ACC-,HI>*AA-a(I)*BB) IE (1) 
V1 (1)=AA+A1CI>*HI2.0 

75 D1(I)=aB+A1(I)*H*H/6.0 

DO 90 I=1,NSPEC 
AD <I )=~.1 (1) 
VO <I ) = V1 (1) 
OOU)=01 (I) 

90 C'OIiTlNUE 

IfUPRT1.NE.0> GO TO 220 
WRITE(6,302C) K,TT,ACC 
WRIT E ( 6, 3025 ) 
WRITE(6,3004) (A1(I),I=1,NSPEC) 
WRITE(6,3004) (V1(I),I=1,NSPEC) 
WRITEC6,3004) (D1CI),I=1,NSPEC) 

221 DO 110 I=1,NSPEC 
IF(ABS(A1(I».~T.A9S(SPECA(I») THEN 

SPEC.HI) =A1 (1) 
KSPEC(I>=K 
TSPECCI>=TT 

EN 01 F 
11 fJ COrlTINUE 

GO TO 10) 

201 WRITEC6,304G) 
00 210 I=1,NSP5C 

85/09/19. 17.35.52 

-----L1-'1_W~H_H6 .. _3(L45 LI,j'.LRI_O_D-<U~S~EJ:.i I) ,TSP~C~~U_' SP EC~'-!2.-~ _______ _ 
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113 
114 
11 5 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
123 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 

PROGRAM SPEC 74/116 OPT=Q,ROU~D= A/"SI ~/-D,-DS FTN 5. ",577 

C 
, WRITE(6,3(1Q6) 

C .' 
STOP 

C 
c ******************************************************************** 
C fORHATS 
C ******************************************************************** 
C 

30C1 FORMAT(1H1,11125x,20A4,/) 
30G1 fORHAT(/25x,'~UM8ER Of ACCEL~RATIOh OR~INATES ',15, 

1 125J(,'TIr.E SCALE ',G13.7, 
2 /25X,'ACCZLERATIOIl SCALE = ',G13.7, 
3 1125X,' NO ',2X,' TIME ',2x,'ACCELEF.ATI0h " 
4 125X,6(1H-),2(2X,13(1H-»,/(25X,I5,3X,2(G13~7,2X») 

30U2 FOR~AT(1130X,'~SPEC = ',IS, 
1 130X,'TI1':E STEP = ',G13.7, 
2 130x,'FINISH TI"e ',G13.7, 
3 /30X,'PRINT c)PT.1 ',15,1> 

3004 FORMAT(1X,8(G15.9,1X» 
3006 fOIlM.&.T(1H1,6(J» , 
3Q1Q FOR~'&'T(/30X,'SPEC. INfOR~ATION',/30X,19(1H-), 

1 /30X,' NO.',2)(,' PERIOD ',2X,' AIIGULAR HEQ. " 
2 2X,'CRIT.DAMP.RATIO', 
3.- 130X,4(1H-),'HU,1S(1H-») 

31)15 FOP.I4AT (30X,I3, 3X,3(G15.9,2X» 
3025 fORMAT(10X,'COHPUTED ACC., V~L., DISP. VALUES IN GFNERALISED', 

1 ' COORDINATES, IN INCREAS!~G MODE NO.') 
3020 fOR~'&'T(5X,'STEP = ',18,' TIME = ',G15.9,' BASE Ace. = " 

1 G15.9) _ 
3035 fORMAT(/1X,120(1H-» 
3040 fORHAT(/1I10x,' 1l0.',2X,' PERIOD ',2X,' STEP ',2)(, 

1 TI?!E ',2X," ACC. SPECT. ',/H'x, 
2 4(1H-),2x,13(1H-),2X,8(1H-),2(Z)(,13(1H-») 

3Q45 fORMAT(10X,14,2X,r.13.7,2x,I8,2(2X,G13.7» 
C 

END 

--VARIABLE MAP--(LO=A) 

65/09'19. 17.JS.:2 PIIGi;. 3 

-NA~E--~~DDRESS--9LOCK-----PROPERTIES-------TYPE---------SIZE -NAr1E---ADDRESS--BLOCK---~-PROPERTIES-------TYPL---------SIzE 

J. 51308 RHL 11; IPRT1 53238 INTEGER 
AI. 53458 REAL I PIlT2 53308 INTEGER 
ACe ,53429 RHL K 5336B INTEGER 
AO 52128 RUL 1''1 I< SPC;C 5271.8 INTEGER 10 
A1 525uB RE AL 1') K1 53378 INTEGEIl 
B 51428 REAL 1f1 1<2 53409 INTEGER 
86 534c.a REAL N fP. C 53258 INTEGER 
D 5116 B RUL 1(~ N SPEC 53208 INTEGER 
DO 5166il REAL Fl PEf\IOD Su72S PE.lL 10 
D1 52248 REAL 10 SCAtC 53279 RE~L 

E 5154 S RUL 10 SOTl,'1 53266 REAL 
f 1152<1 RE~,L 1 con SFf.CA 52626 PEAL 10 
H 53218 REAL T 312;;3 RUL 10ur 
H E~ D 11268 'lE'AL 2C' T~,'X 53223 Rt:'L 

53246 !NTEGEF TSPF;C 53Cec REAL 10 
~~-~---~-~-~----~---~~--- .-~----- - ~-~ -- , 
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I 
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" t , 
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PROGRAM SPEC 74/176 OPT=Q,ROUND= AI SI M/-D,-DS FTN 5.1~577 85/09/19. 17.35.52 PAGE 4 
-NA~E---ADDRESS--BLOCK-----PROPERTIES-------TYPE---------SIZE -NA~E---AppRESS--8LOCK-----PROPERTIES-------TYPE---------SIZ~ 

TT 53358 
vO 5200B 

.' 

-~SY~BOLIC COHSTAHTS--{LO=~) 
-NA~E----TYPE------------------------VALUE 

N 
NF 

INTEGER 
INTEGER 

--PR)CEDURES--(LO=A) 

10 
1000 

-NA~E------TYPE--------ARGS------CLASS-----

A BS GENER IC I !IfRI Il5 IC 

--5T'TE"ENT LABELS--(LO=A) 

REAL • 
RE.'L 10 

V1 
w 

52368 
51048 

-LA3EL-ADDRrSS-----pqOp~RTIE5----DEF -L~3EL-~DDRESS-----PROPERTIES----DEF 

5 INACTIVE DO-TERM 30 
15 INACTIVE DO-TERM 47 
20 ItiACTI VE 00- TE R 1\ 34 
30 2448 50 
40 3008 62 
45 INIICTI VE DO-TERM 63 
50 326El 68 
70 3628 80 
75 INACTIVE o O-TE RM 85 

--EHrRY POINTS--(LO=A) 
-N M E--- A DDR ES 5--~ RG S---

5 PE C 208 0 

--II) UNITS--(LO=A) 
-NA1E--- PROPERTIES-------------

T.A? E5 
T A~ E6 

/ 

F~IT 15 EQ 
FfiT/SEQ 

--5 H TI STI CS--

PR:>GRAl1-UNIT LENGTH 
SC'I STORAGE USED 
COli PILE TItlE 

17.43.02.UCLP, .'A, P04 , 

53525 = 2794 
637005 = 2656G 
1.412 SECC:lDS 

D.266KLNS. 

90 INACTIVE DQ-TERI': 91 
100 3178 65 
11 n INACTIVE DO-TER~ 106 
200 5258 110 
21 n INACTIVE DO-TERIl 112 
220 4758 100 

300(1 600B FOP.!'!AT 122 
3001 6'J3u FOR~AT 123 
3002 6369 FO Rt1 AT 128 

REAL 
RE.'L 

-LABEL-ADDRESS-----PROPERTIE5----0EF 

3004 6538 FOR'"AT 132 
30G6 6568 fORMAT 133 
301(; 6608 FORro'AT 134 
3015 70r:18 FOR HAT 13!S 
302C 7178 FOR~AT 141 
3025 7048 FORI!,AT 139 
3035 7268 FOR;'>AT 143 
3040 7318 FOR~AT 144 
3()45 75ilB FOR!'AT 147 

-~--

1!) 
10 

, 
I 
I 
i 
\ , 
I , 
( 
I. 
I 

1 
t 
\ 
I 

I, 

t 
I 

t 
I 

J 
! 
I , 
r 
I 

I-' 
-J 
0'1 

l_.~ 
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. . 

APPENDIX C - COMPUTER PROGRAM MODAL 

DATA INPUT TO MODAL 

I • HEAD ING CARD (20A4 ) 

Input List HEAD 

Explanation 

HEAD character array containing the heading 

for the problem 

The rest of the cards are free-formatted. 

II. ACCELERATION FUNCTION DEFINITION CARDS 

II. A CONTROL CARD 

Input List NFRC, SCATIM, SCACC 

Explanation 

NFRC number of acceleration function 

definition points 

SCATIM time scale 

SCACC acceleration scale . ' 
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II.B TIME v.s. ACCELERATION CARD(S) 

Input List 

Explanation 

T 

F 

Note 

III. CONTROL CARD 

Input List 

Explanation 

NDYN 

NMOD 

TT 

TMAX 

H 

IPRTl 

( T ( I), F ( I), I = 1, NFRC) 

array containing the time values 

array containing the acceleration 

values 

F(l) corresponds to T(l), etc. 

Pairs must be input in the order 

of ascending time value. 

NDYN, NMOD, TT, TMAX, H, IPRT1, 

IOPTl 

number of dynamic degrees of 

freedom 

number of modes to be superposed 

integration star~ time 

integration finish time 

int~gration time step 

option for printing the computed 

accelerations, velocities and 

displacements in gener~lized and 

geometric coordinates at every 

integration point i 



IOPTl 

1'/9 

= 0 i prints 

# 0 does not ,print 

option for printing the maximum 

displacement value occured at evey 

dynamic degree~f-freedom; 

= 0 i does not print 

# 0 1 prints 

IV. MODAL DAMPING RATIO CARD (S) 

Input List 

Explanation 

D 

(D(I), I=l, NMOD) 

array containing the modal damping 

ratios in the order of ascending 

mode number. 

V. DISPLACEMENT OUTPUT REQUEST CARD(S) 

Input List 

Explanation 

NREQ 

KR 

NREQ, (KR(I), I=l, NREQ) 

number of integration points where 

the 'displacements· will be output 

array containing the step numbers 

for which the displacements will 

be printed. 



Note only those displacements in the 

direction of dynamic degrees-of­

freedom will be output. 

180 

Program MODAL must be executed after program EIG3. 



PROGRAM MODAL -74/176 OPT=O,ROU~D= AI 51 1'1/-0,-05 fT~ 5.1.577 85/09/19. 17.36.36 
OO=-LONG/-JT,ARG=-CO~MONI-FIXEO,CS= USER/-FIXED,OB=-TE/-Sa/-5LI ER/-ID/-PHD/-ST,PL=500G 
fTN5,I=MODAL,!l=a,L=LI'IODAL. -, 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
13 
19 
2r 
21 
22 
~3 
24 
25 
26 
27 
28 
29 
311 
31 
32 
33 
34 
35 
36 
37 
38-
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
5:i 

c 

c 

C 

c 

C 

C 

C 

C 

C 

C 

C 

c 

C 

C 

PROGR~I'\ HboALCINPUT,OUTPUT,TAPE5=INPUT,TAPEb=OUTPUT) 

PAR~HETER CN =SO) 
PARAMETER CNf=1000) 

DIMENSION HEAO(20) 
01~EN510~ fCNF),TCNf) 
OI~EN5ION PHICN,N),WCN),PFCN),OCN),O~AXCN) 

DI~ENSION A(H),BCN),ECN),OOCN),VO(N),AOCN),D1CN),V1CN),A1CN) 
DIMENSION OKCN),KM(N),TM(N) 
DIMENSION KR(N) 

RE~_DCS,I (20,1.4) I) HEAD 
WRITEC6,3000) HEAD 

READ(S,*) NFRC,SCATIH,SCACC 
READCS,*) CT(1),FCI),1=1,NFRC) 

~EAD(S,*) NDYN,N~00,TT,TMAX,H,IPRT1,IOPT1 

WRITEC6,3002) NOYN,"100,TT,T~AX,H,IPRT1,IDPT1 

READ C5,*) CO Cl), 1=1, NIlDO) 

REAO(S,*) NREQ,CKRCI),I=1,NREQ) 

OPENCUNIT=20,STATUS=IDLOI,ACCES5=IOI~ECTI,FDR~='UNfO~~ATTED", 
1 FILE=ITAPE20 ' ,RECL=2+NriYN) 

OPENCUNIT=21,ST~TUS=ISCP~TCHI,ACCESS=IOIRECT·,FOP.H='UNFORMATTEO·, 
1 RECL=2+NDYN) 

WRITEC6,3010) 
·00 S I=1,tH1DO 

REAO(20,REC=I) W(1),PFCI),(PHl(J,I),J=1,NPYN) 
ACI)=2.0*OCI)*W(I) 
8CI) =11 CI )*wC I) 
E(I)=1.0~ACI)*H/2.ataCI)*H*H/6.0 
WRITEC6,3D1S) I,WCI),OC1),PF(I) 

S CONTINUE 

WRITE(6,3003) CI,I=1,8) 
DO 10 1=1, NOYfl 

10 WRITE(6,30C4) (PHICI,J),J=1,IHiOO) 

00 ?OI=l,NFRC 
TCI)=TCI)*SCATlh 

21 F(I)=FCI)*SCACC 
IFCIPRT1.NE.O) ~RITEC6,3001) HFRC,SC~T!~,SCACC,CI,TCI),F(I), 

1 I=1,HFRC) 

00 15 I=1,HOYN 
OM(1)=n.O 
KNCI)=n 

15 TN(t)=~.r 

PAGE I 

I 
I 
/ 
I 
I 
I 
I 
I 
I 
r 
I 
/ 
( 
I 
I 

I-' 
CO 
I-' 



56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
30 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 

PROGRA,.. .. OOAL 74/176 OPT=O,ROUNO= AI SI M/-D,-OS FTII 5.1i-577 

C 

C 

C 

C 

C 

C 

C 

C 

WRITE(6,3C35) 
K=fi " 

.K1=1 
K2=2 

IF(TT.GT.TMAX) GO TO 2~O 
30 IF(K2.GT.NFPC) THEN 

ACC=!;.;) 
GO TO 40 

ENOIF 
IF(TT.LE.T(K2» THEN 

AC C= F ( K1 )+ (F (1(.2) -F (I( 1 ) ) / <T (K 2) -T (K 1) ) * CT T- T( K1 » 
ELSE 

. K1 =K 2 
K2=1<2i-1 
GO TO 30 

ENDIF 

40 DO 45 1=1,HKOO 
4S AO(I)=-PF(I)*~CC-~(I)*vO(I)-3(1)*OO(I) 

10!) TT=JTi-H 
K=Ki-1 
IF(TT.GT.TMAX) GO TO 2rO 

5f) IF(K2.GT.NFRC) TtiEII 
ACC=O.O 
GO TO 70 

EtiDIF 
IF(TT.LE.T(K2» THEN 

AC C= F (1<1 )+ (F (I< 2) - F< I( 1> ) / (TC K 2) -T (I< 1) ) * (TT- T (K1 » 
ELSE 

1<1 =K2 
1<2=1<2i-1 
GO TO 50 

ENDIF 

70 DO 75 1=1,HMOD 
AA=VO(I)i-AO(I)*ti/2.0 
BO=DO(I)i-VC(I)*tii-~G(I)*ti*H/3.0 
A1(I)=(-PF(I)*ACC-A(I)*AA-3(I)*3U)/E(I) 
V1 CI )=AAi-A1 (I> ""H/2.J 

75 01 (I )=BBi-A1 (I) *H*H/6.0 

DO 90 I=1,tH'OO 
AO(n=A1 (I> 
VO(I>=V1 (I> 
DO (I )=01 (I) 

90 CONTINUE 

00 300 1=1, N 0 Y !I 
0~lAX(I)=0.n 
DO 310 J=1"noo 

31·J OMAX(I)=O~AX(I).PHI(I,J)*01(J) 

30') COIlTINUE 

... _._. _ .. __ .. _ ... _ .. 11 2... . .............. _ ...... . IF(IOpn.IIE.G).HI£il 

85/09119. 17.36.36 PAGE 2 
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113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
1Ze 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
14C> 
141 
142 
143 
144 
145 
146 
147 
148 
14 ? 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
16C' 
161 
16, 
163 
164 
165 
166 
167 
16E 
169 

PROGRAM MODAL 74/176 OPT=O,ROUND= AI 51 M/-D,-oS FTN 5.1+577 

C 

C 

C 

C 

C 

C 

C 

DO 110 1=1,NoYN 
IF(AB5(0~AX(1».GT.ABS(oH(I») THEN 

011 Cl)= ol"X (I) 
KHU)=K 
TlHI>=TT 

EN 01 F 
110 CONTINUE 

WRITE(21,REC=K) K,TT,(D~AX(I),I=1,NoYN) 
GO TO 100 

ENoIF 

WRITE(6,3020) K,TT,ACC 
WRITE(6,3C25) 
WRITE(6,3004) (A1(I),I=1,N~OD) 

WRITEC6,3D04) (V1Cl),1=1,NMOO) 
WRITE(6,3U04) C01(I),I=1,NnOD) 

IJRITE(6,3030) 
WRIT E C 6, 3D 04) C 0 ,~A X (I) , I = 1 , 110 Y N) 

GO TO 100 

200 I FCIOPT1.NE.O) THEil 
i4R ITEC6,3041J) 
0·0 21C 1=1,IIOyrl 

21') WRITEC6,3045) I,KHCI),TMCI),OfHI) 
WR ITE C 6, 3050) 
DO 220 1=1,IIREU 

REAo(21,REC=KrlCI» K,TT,CO'lAX(J),J=1,NOYN) 
22Q WRITCC6,3C55) K,TT,CONAXCJ),J=1,NOYN) 

ENoIF . 

WRITEC6,3006) 

STOP 

C ****~~*************************************.********** ************** 
C FORHATS 
C ******************************************************************** 
C 
3000 FORHAT(1H1,11125X,20A4,/) 
30U1 fORMATC/25X,'NUHBER Of ACCELERATION ORDINATES ',IS, 

1 125X,'TI:IE SCALE ',G13.7, 
2 125X, 'ACCELERATION SCALE ',G13.7, 
3 1125X,' 110 ',2X,' TIllE ',2X,'ACCELERATION " 
4 125X,6C1H-),2C2X,13(1H-»,/C25X,15,3x,2(G13.7,2X») 

3002 FORHATCII130x,'DYNAMIC DOF ',IS, 
1 130x,'NMOoES = ',l~, 
2 130X,'START TInE ',G13.7, 
3 13DX,'FINISH TIME ',G13.7, 
4 130X,'TI"E STep ',G13.7, 
5 130X,'PRlilT OPT.1 = ',15, 
6 130X,'EXEC.OPT.1 ',15,f) 

3003 FOR!IAT (f 1/ 30X, 'NORMALI ZED HOoE SH~.PES' ,/30X,22 (1 H-), 
1 11x,ac' /;0 Of. ',1<',' ',1X), 
2 11x,8<15<11t-) ,1X» 

3004 FOR~AT (1 x,(iCG1 S. 9,1X» 

85/09/19. 17.36~36 PAGE 3 
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PRO GR A~ ~ 00 O\L 74/176 OPT=O,~OU~O= AI SI M/-D,-DS FTN 5.1 .. 577 

3006 FORMATC1H1,6c/» 
301 n .FORMAT (/30X, '!'IODAL INFOR~ATIOII' ,/30X,19(1H-), 

1 13BK,'~ODE',2X,'ANGULAR F~EQ. ',2x,'CRIT. OA~. RAT.', 
2 2X,'PARTICIP. U.CT.', 
~ 13DX,4(1H-),3C2X,15(1H-») 

3015 FORHAT(30X,I3,3X,3(G15.9,2X» 
3025 fO~MAT(10X,'CO~PUTEO "CC., VEL., OISP. VALUES IN GENERALISED', 

1 'COORDINATES, IN INCREASING ~OOE NO.') 
3020 FOR~AT(5X,'STEP = ',18,' TI~E = ',G1S.9,' BASE ACC. = " 

1 G15.9) 
3030 fOR~AT(1nX,'SUPERPOSED DISP. VALUES FOR THE OYN. D.O.F. S " 

1 'IN INCREASING ;100E !l0. FROM LHT TO RIGHT.') 
3035 fOR~AT(/1X,12J(1H-» 
3n4" FORMAT(//30X,' DIR. ',2X,' STEP ',2X,' TI'~E ,"X, 

85/09/19. 17.36.36 PAGE 4 

f 
! 
) 
I 
( , 
I 

170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
132 
183 
184 
185 
186 
187 
188 
189 
190 
191 

1. ' MAX. IIALUE " 
2 130X,6C1H';'),2X,8C1H-),2C2x,13C1H-») 

3045 FORMATC30X,I5,3X,I8,2C2X,G13.7» I 
305('1 FOR!IAT(1I20X,' DI:;PLACE:H.TS AT THE REQUESTED TII'ES', 

1 119X,36C1H-» 
3055 FCRMATC/5X,'STEP = ',I3,2x,'TI~E = ',G13.7,C/1X,Q(G13.7,1X») 

C 
END 

--VA.IABLE ~AP--(LO=A) 
-NA~E---AODRESS--9LOCK-----PROPERTIES-------TYPE---------SIZE 

_!lArlE ___ ~ODRESS __ BLOCK _____ PROPERTIES-------TYPE---------SIZE 

A 12704B ilEAL sa" 141438 INTEGER 
AA 14151 S 1l0L I<.H 13670B INTEGER sn 
Ace 14146B REAL KF 14;)346 INTEGER 511 
AD 132768 ilEAL 5n K1 14144B INTEGER 
A1 135248 REAL 50 K2 14145B INTEGER~' 
B 127669 R,,'&L 50 NDYN 141238 INTEGER: 
BB 141528 REAL NHC 14116B INTEGER I 

o 125~09 REAL 5r NKOO 14124B INTEGER I 
OH 136069 REAL 50 UREQ 14132e INTEGER: 
OH' x 126228 REAL 50 PF 124568 REAL 50 I 

oC 13132B REAL 50 PHI 547G9 REAL 2500: 
01 133609 REAL 50 SCAce 1412DB REAL: 
E 13D509 RE~L 50 seATIM 141179 RE~L ( 
F 15509 j:lEAL 1000 T 3520B REAL 10UO 1 
H 141278 REAL HI 137529 P.E.~L SO' 
HE'D 15240 REAL 20 T~AX 141269 REAL! 
I 141219 INTEGER TT 141250 REAL I 
IO"T1 141310 INTEGER 1/(0 132143 PE.~L 50 I 
IPH1 14130B IIITEGER v1 13442B RE.~L 50 I 

J 141348 IliTEGEP. W 123740 ilEAL 50 I 
I 

--SY~BOLle eONsnHTS--CLO=A) I 
-~:A~ E----TYP E------------------------v A.L UE I l 

N INTEGER 50 f. 

IIF IUTEGi:R 10:);) 

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

.1-' 
co 
"'" 



PROGRM ~ODAL 74/176 OPT=Q,ROUND= AI 51 ~/-0,-D5 fTN 5.1i"577 

--PRJCEDURE5--(LO=A) 
_NA~E ______ TYPE ________ ~RGS ______ CLA5S-----

~ 

A 65 GENER IC INTRlr~SIC 

--ST'TEHE~T LA8ELS--(LO=A) 
_LA3EL-4DDRESS-----PROPERTIES----OEf _LABEL_ADDRESS-----PROPERTIES----OEF 

5 INACTI liE 
10 INACTI liE 
15INACTIV.E 
211 INACTIVE 
30 3478 
40 4038 
45IliACTIVE 
50 4329 
7n 4668 
75 H:ACTIVE 
90 HIACTI VE 

100 4230 

OO-TERI1 
00- TE Rt'I 
o '.1-TE Rr' 
OO-TER~ 

DO-TERfl 

o O-TE RI1 
OO-TER!'! 

--ENTRY POINTS--(LO=A) 
-NA~E---AOORESS--ARGS---

MO) AL 208 o 

--I/~ UNITS--(LO=A) 

40 
44 
55 
48 
63 
7$ 
76 
81 
93 
98 

104 
78 

110 
200 
210 
22rJ 
301) 
31 () 

3000 
3001 
3002 
3003 
3004 

-NA1E--- PROPERTIES-------------

T A? E20 
T A:> E21 
TA:> E5 
TA? 106 

AUX/OIN/DIR 
AUX/8IN/OIR 
F~T/SEQ 
FHT/SEQ 

--sn TI STICS-­

PR~GRA~-U~IT LENGT~ 
SC" STORAGE USED 
COli PILE TIHE 

17.43.54.UCLP, AA, P04. 

141618 = 6257 
63700B = 26560 
1.899 SECOIlDS 

, O.317KLNS. 

INACTIVE DO-TERI'1 119 
704(3 1.35 

INACTIVE DO-TER:1 138 
ItiACT IIIE oo-TERI1 142 
INACTIVE 00-1 ER 1·1 11 () 

IllACTIVr. OO-T F.R~: 109 

10218 FORIIAT 153 
1024 B FORl'jlT 154 

1 n 578 FORMAT 159 
11040 FO RM AT 166 

11178 FORHAT 169 

85/09/19. 17.36.36 PAGE. 

_LA8EL-ADDPESS-----PROPERTIES----DEf 

3006 11229 fORI"AT 170 

3010 11248 FORHAT 171 

3015 11448 FORI'AT 175 

302Cl 11638 FOR"AT 178 

3025 115(18 FORI'AT 176 

3030 1172B FOR".A T 18U 

3035 121.:68 fOR!~AT 182 

3040 1211 a FORI'AT 183 

3045 12258 fORi'AT 186 

3U 5L, 1231 El fORI''' T 187 

3055 1240B fOR~IAT 189 

5 

I-' 
CP 
U1 
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APPENDIX D - COMPUTER PROGRAM DSSI 

DATA INPUT TG DSSI 

I. HEADING CARD (20A4 ) 

Input List HEAD 

Explanation 

HEAD character array containing the problem 

description. 

The rest of the data cards are free formatted. 

II. CONTROL CARD 

Input List NDYN, DT, TMAX, IPRT1, IOPT1. 

Explanation 

NDYN number of dynamic degrees of freedom 

DT solution time step, ~t 

TMAX time up to which the iritegration will 

be performed 

IPRTl 
option for printing the reduced flexibility, 

reduced stiffness, damping, [E] and [E]-l 

matrices [See Eqs. ( II.40)] 



IOPTI 

III. DAMPING FACTORS CARD 

Input List 

Explanation 

ALFA 

BETA 

Note 

lS"' 

= 0 do not print 

:f 0 print 

execution mode option for finding 

the maximum displacement occuring 

at every dynamic degree of freedom; 

= 0 ; prints only the accelerations, 

velocities and displacements 

computed at every step 

:f 0 prints only the maximum 

displacements 

ALFA, BETA 

damping factor a 

damping factor a 

ALFA and BETA are factors to 

compute the Rayleigh damping 

matrix given by Eq. (III.l) 

IV. ACCELERATION FUNCTION DEFINITION CARDS 

IV.A CONTROL CARD 

Input List 

Explanation 

NFRC, SCATIM, SCACC, IPRT2 



NFRC 

SCATIM 

SCACC 

IPRT2 

number of function definition 

points 

time scale 

acceleration scale 

188 

option for printing the input 

acceleration function definition 

points; 

= 0; does not print 

# 0 ; prints the values 

VI.B TIME V.S. ACCELERATION CARD(S) 

Input List 

Explanation 

T 

F 

Note 

(T(I), F(I), 1=1, NFRC) 

array containing the time values 

array containing the acceleration 

function values 

T(l) corresponds to F(l), etc. 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1 S 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
26 
27 
23 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

PROGRAH DSSI 74/176 OPT=Q,ROUND= AI SI H/-D,-DS FT~ 5.1~577 85/09/19. 
DC=-LONG/-OT,ARG=-CO~MON/-FIXED,CS= USER/-FIXED,DB=-TE/-S6/-SLI ER/-ID/-PHD/-ST,PL=50UQ 
FTN5,I=DSSI,9=O,L=LDSSI. 

PROGRAH OSSI (INPUT,OUTPUT,TAPE5=INPUT,TAPE6=OUTPUT) 
C 
C . DIRECT STEP-tiY-STEP INTEGRATIO~ 9Y LINEAR 
C ACCELERATION ~ETHOD 
C 

C 

PARAHETER (NF=100U,NM=SO) 

RE.I,L HASS(Nr> 
DIMENSION HEAD(20) 
DIMENSION TCNF),FCNF) 
o INEHS lOll NDC(3) ,SaO~~,Il,.),Q (rHD,e crlfl,Hn,r(N~l,jlll) 
OWE HS ION OU ~11 01 H) ,0') C N~D , vO (UN) ,,, G (,~" ) , A OHI), e C rm) 
OHIEIlSION D1 CWO,V1CIlI'1),A1 CtHD 
~l"EIlSION OMCN"),K~CN~),TM(H~) 

C READ AUD PRIUT SYSTE~ PARA~ETERS 
C 

C 

C 

REAO(S,' (2'JA4) ') HEAD 
READCS,*) NDy",DT,TH~X,IPRT1,IOPT1 
READ(5,*) ALFA,BETA 
READC5,·) NfRe,SCATI~,SC~CC,IPRT2 

W~ITEC6,30n5) HE'D 
WRITEC6,3006)NDYN,DT,T~Ak,IPRT1,ALfA,6~TA,"f~C,SeATI~,SCICC,IP~T2, 

1 IOPT1 

C READ THE 6ASF a.CCELERATION DATA 
C 

READC5,*) (T(I),FCI),I=1,NfF.C) 
C 

OPEIlCUNIT=10,STATUS='OLD',ACCESS='DIRECT',fORN='UNfCRKATTED', 
1 fILE='TAPF.1a',~ECL=1+3) 
OPEN(UNIT=14,ST~TUS='OLD',ACCESS='DIRECT',fORM='UNfOR~ATTED', 

1· FILE='TAPE14',RECL=NDYN) 
OPEH(UNIT=21,STATUS='SCRATCH',ACCESS='DIRECT',fORH='UNfORMATTED', 

1 RECL='lD'OD 
C 
C READ THE HASS COEfFICIENTS, CONSTRUCT THE REDUCED fLEXIBILITY ~ATRIk, 
C FvR~ THE ~ VECTOR. 

C 

WRITEC6,3012) 
DO 10 I=1,NOYtI 

REAOC5,*) NOOE,IOIR,~ASSCI) 
WRITE(6,301S) NODE,IOIR,~ASS(I) 
REAO(13,REC=NOOE) JfLG,(hDC(J),J=1,3) 
REAO(14,REC=~DC(IDIR» (SB(I,J),J=l,MOY~) 
If(IDIR.EQ.1) QCI)=1.0 

10 cornINUE 

49 DO 5 I=1,HfP.C 
50 TCI)=T(I)*SCATI~ 
51 5 fCI)=FCI)*SC~CC 
52 If(IPRT2.N~.D) WRITEC6,3010) CI,TCI),F(1),I=1,Hf~C) 
53 IFCIPR T1 .~, E. r) TIi~1I 
54 W~ITEC6,30p7) 

55 00 15 I=1,NOrr: . ~~ __ ~J 



56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 

.84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 

PROGRA!'I DSSI 74/176 OPT=O,ROUND= AI 51 ~/-D,-DS FTN 5.1+577 85/09/19. 17.37.29 

15 WRITE(6,3110) (SB(I,J),J=1,NDYNl 
ENDIF 

" C 
C 
C 

~NVERT THE RED. FLEX. MATRIX TO OBTAIN THE REDUCED STIFFNESS MATRIX 

C 

• C 

CALL IIiVeRHSB,NDYN,IIH) 

IF(IPRT1.HE.O) THEN 
WRITE{6,3008) 
DO 16 1=1,NDYN 

16 WRITE(6,3110) (S8(I,J),J=1,NDYN) 
ENDIF 

C COMPUTe HATRIX C=ALFA*MASS+BETA*S6 
C 

C 

DO 20 I=1,NOYN 
DO 20 J=1,NDYN 

20 C(I,J)=9ETA*SB(I,J) 
DO 30 I=1,IlDYN 

30 C(I,I)=C(I,I)+ALFA*~ASS(I) 

IF(IPRT1.NE.O) THEil 
WRITE(6,3009) 
DO 25 I=1,NDYN 

25 ~eITE(6,3110) (C{I,J),J=1,~DY") 
ENDIF 

C 
C COMPUTE ~ATRIX E=HASS+C*DT/2+SB*DT**2/6 
C 

C 

C 

DO 50 I=1,NDYN 
00 50 J=1,llDnl 

50 E(I,J)=C(I,J)*DT*0.5+SB(I,J)*DT*~T/6.0 
DO 60 1=1, NO YN 

60 E(I,I)=E(I,I)+~ASS(I) 

IF(IPRT1.NE.O) THEil 
WRITE(6,3011 ) 
DO 55 I=1,NDYtl 

55 WRITE(6,3110) (E(I,J),J=1,NDYN) 
END If 

C INVERT MATRIX E 
C 

C 
CALL INVERT(r,NOYN,tl~) 

IF(IPRT1.NE.0) THEN 
WRITE(6,3G13) 
DO 65.1=1,NDYN 

65 WRITEC6,3110) (E<I,J),J=1,NDY/1> 
EIIOI F 

C 
C conpUTE THE INITIAL ~CCELERATION VECTOR 
C 

DO 70 I=1,IlDY'1 
7'1 DUI~1(I)=-F(1)*iHI)*!HSS(I) 

CO 80 I=1,NOYrI 
SU'I= O. '1 

PAGE 2 
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113 
114 
11 5 
116 
117 
11 S 
119 
120 
121 
122 
123 
124 
125 
126 
127 
12.3 
129 
13 n 
131 
132 
133 
134 
135 
13b 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
1bo 
16? 

PROGRAM DSS! 74/176 OPT=~,ROU~O= AI 51 X/-O,-CS FT~ 5.1+577 

e 

.e 

e 

e 

90 . 
eo 

11 (1 

100 

12 a 

00 90 J=1,NOYN 
5U~=5ur.+e(I,J)*vOCJ) 

DUMl ex ):!'OU~1 CI )-SU~I 
DO 1GO 1=1,tIDY'1 

SU!1=IJ.D 
DO 11G J=1,:lDYN 

SU!-I=surHSS(1,J )*00 CJ) 
DU"'1 CI)=DU~:1 CI )-SUII 

j) C 12':; I=l,N DY ~l 
'\0 CI) =ou~'l (I)I '1" SS CI) 

WRITEC 6, 302C) 
WRITE(6,311C) CAJCI),I=l,NDYH) 
WRITE<6,3110) CV~(I),I=l,NOYN) 

IlflITE<6,3110) CCDCl),I=l,:JDYtIl 

TT 0.0 
K= 
K1 1 
K2=2 

00 125 1=1 ,UDY ~ 
01'1(1)=:.0 
p(~ <I) =" 

125 Tii CI )=J. (1 

e **- PERFOR~ TH~ I~TE~RATIO~ 4T TIME TT *** 
e 

e 
e 
c 

c 
e 
C 

C 
C 
C 

1 i")(jJ TT=TTt-DT 
1(=l(t1 

eO~PUTE A=vo+~a*OT/2.0 AND S=DOtVD*DT+AO*DT**2/3.0 

DO 130 I=l,NDYN 
ACI)=vlCI)t-~nCI)*DT/2.C 

131 ~CI)=DOCI)tVO(I)*OT+AO(I)*DT*DT/3.~ 

15') 

COMPUTE THE 6ASf ACCELERATION 4T TIME TT BY LINEAR INTERPOLATION. 

IFCTT.GT.TNAx) GO TO 15DD 
I FCK2. GT .ilFRC) TIlEN 

ACC=·J.O 
GO TO 160 

. ENOl F 
IF(TT.LE.T(K2» THE~ 

ACC= FCK1)t(F(1(2)-f(K1»/(T(K2)-TCK1»*CTT-TC!(1» 
ELSE 

K1 =1< 2 
K2';,,2+1 
GO TO 150 

ElcOI F 

COMPUTE THE ACCELERATION AT TI~E TT 

16G 00 17(J 1=1,NOYI'l 
17'.1 Dur·.1 CI)=-ACC*C.CI>*J. ... SSCI) 

DO 1 IlD 1"1,riC'UI 

85/09/19. 17.37.29 PAGE 3 
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PROGR.lJl0SSI 74/176 OPT=O,ROUNO= ~I 51 H/-D,-OS FTI! 5.1+577 85/09/19. 17.37.29 PAGE 4 

I 
170 SUH=O.C1 I 171 DO 190 J=1,HOYN 
172 19,' SUM=SU~+C(1,J)*~(J) 

( 

I 
173 180 our.1 (1 )=DUH1 (1 )-SUH I 
174 "DO 200 I=1,NOYN , 
175 SUfl=O.O 

( 

176 DO 210 J=1,NOYtl 'I 
177 210 SUM=SUM+S8(I,J)*B(J) , I 
178 2en OUI'I1 CI)=OUI'!1 (I)-SUM 
179 DO 220 I=1,NOYN I 

18r:J 5U/l=0.0 
I 
I 

131 DO 230 J=1,NOYN I 

182 23(') SUM=SUM+E(!,J)*ou~1(J) 

183 220 ,1,1 CI )=sml 
184 C 
185 C CO~PUTE THE VELOCITIES AT TIHE TT, V1=A+A1*DT/2.D 
186 'C CO~PUTE THE OISPLACE~E~TS AT T1~E TT, 01=8+A1*OT**2/6.0 
187 C 
138 o 0 240 1=1, Nt> Y II 
189 V1 CI )=.I.(I) +,1,1 (I)*OT/2.0 
190 24 Q 01 CI )=8(1) +A 1(1) *OT- DT /6.U 
191 C 
192 IFCIOPT1.NE.O) THEN 
193 1)0 261: 1=1,NOYN 
194 IF(AaS(D1(I».GT.~BS(OM(I») THEN 
195 011(1)=01 CI) 
196 KIHI )=K 
197 T",(I)=TT 
198 EN 01 F 
199 261) CONTINUE 
200 GO TO 300 
201 EIlOIF 
202 C 
203 C PRIll! THE COI~PUTEO ACC. VEL. AND OISP., VECTORS 
2D4 C 
205 WRITE(6,3100) K,TT,ACC 
206 WRITE(6,3110) (A1(I),I=1,NOYN) 
207 wRITE(6,3110) (V1(I),I=1,NOYN) 
2tJ8 WRITF.(6,"S110) (01CI),I=1,NOYN) 

I 209 C 
210 300 DO 250 I=1,NOY~ 
211 AD CI) =A1 (1) 

212 vOCI)=v1CI) 
213 251, 00(1)=:>1 (1) 

I , 
214 C 

I 
( 

215 WRITC(21,REC=K) (01(I),1=1,NOYN) ! 
216 C \ I-' 

217 GO TO 1000 \ \0 
\ N 

213 C I 

219 1500 IF(IOPT1.NE.O) THeN 1 22r. IIRITEC6d040) 
221 DO 270 1=1,/lOYN ! 
222 271) WR IT E ( 6, 3045) I, J<1l C r>, TH (I), OM CI ) 
223 WR ITECe, 312iJ) 
224 DO 280 I=1,r~OYN 

225 QEAO(21,REC=J<"(I» (01 (J),J=1,NOYN) 
226 280 ~RITE(6,3110) (01CJ),J=1,NOYN) 



227 
22'3 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
24Q 
241 
242 
243 
244 
245 
246 
247 
24i! 
249 
250 
251 
252 
253 
254 
255 
256 
257 
253 
259 
2611 
261 
262 
263 
264 
265 
266 

·267 
265 
269 
270 
271 
272 
273 

PROGRAM OSSI 

C 

C 

74/176 OPT=O,ROUHP= AI SI M/-P,-PS 

ENPI F 

IIRlTEC6,3~5Q) 

STOP 

FTN S.h-577 85/09/19. 17.37.29 

C ****************************************************** ****~*********** 
C FORMATS 
C *******************************************************.***.********** 
C 
3nC5 FCRMATC1H1,111,1X,20A4,/) 
3006 FORHATC/20X,'OYNAHIC POF ',IS, 

1 120x,'TIHE STEP ',G13.7, 
2 12Gx,'tiAX. Tli1E ',(;13.7, 
3 120X,'PRI~IT OPTION ',IS, 
4 120X,'ALFA ',G13.7, 
5 12Gx,'tlETA = ',G13.7, 
6 12!Jx,'~IO.OF B"SE ACC. PTS. ',IS, 
7 12Qx,'TII-IE SCALE = ',G13.7, 
3 128X, 'ACCEL"RltTIOfl SCAL~ ',G13.7, 
9 1211X,'PIlINT OPTION 2 ',15, 
1 12Gx,'EXECUTION ~OPE OPT. ',15,/) 

3007 FOR~ATC/20X,'REOUCEP FLExIBILITY HATRIX',/20X,2oC1H-» 
3008 FOR1ATC/20X,'REPUCEP STIFF~ESS ~ATRIX',/20x,26(1H-» 
3009 &GRMAT(/20X,'PAMPIHG ~ATRIX',/20X,14(1H-» 
3J10 FORMATCI130X,'8~SE ACCELER'TION DATA',/30X,22C1H-), 

1 120X,' NO. ',2X,' TIHE ',2X,".CCELERATlON " 
2 120X,S(1H-),2(2X,13(1H-»,I,C20X,IS,2C2X,G13.7») 

3011 FORKATC/2CX,'MATRIX E=MASS+C*PT/2+sa*oT**2/6',/2QX,31(1H-» 
3012 FORI1AT<130X,'IIASS :lATA',/30X,9C1H-), 

1 120X,' NOPE ',2X,'PIR.',2X,'~ASS COEFFICIENT', 
2 120X,6(1H-),2X,4(1H-),2X,16(1H-» 

3Q13 FORHATC/20X,'INVERSE OF MATRIX E',/20X,19(1H-» 
3015 FaRHAT C20X,IS,4X,I2,4X,G13. 7> 
3020 FORMATCI130X,'INITIAL ACC., VEL. AND PISP VECTORS', 

1 130X,3S(1H-» 
3040 ·FORi<\ATClI30X,' PIR. ',2X,' STEP ',2X,' TIME ',2X, 

1 ' PlAX. VALUE " 
2 130X,6(1H-),2X,8(1H-),2C2X,13(1H-») 

3045 FORHAT(30x,I5,3X,I8,2(2X,G13.7» 
3100 FORHATC/20x,'STEP = ',I5,2X,'TI~E = ',G13.7,2X,'SASE ACC. = " 

1 G13.7,/30X,'ACC., VEL. ~HP PISP. VALUES',/30X,27C1H-» 
3110 FORIIAT(8(1X,G15.9» 
312~ FOR~AT(1120X,'DISPLACE~ENT VECTORS AT THE TI~ES WH~N M~X. VAL.', 

. 1 ' ARE DETECTEP, IN INCREASING OPPER.',/15X,100(1H-» 
3150 FORMAT(1H1,11111) 

C 
ENP 

PAG~ S 

--VA~IAuLE ~AP--CLO=A) 
-NA~E---'PPRESS--3LCCK-----PROPERTIES-------TYPE---------SIZE _NAME ___ APDRESs--BLOCK-----PROPERTI~S-------TYPE---------SIZE 

A 25424 il RE.'L 5'> B 25506B ilEAL 5 (1' 

Ace 263269 REAL BETA 26252£l !(E~l 

ALF A 262519 RE ~L C 133G4B IlE'L o!51J1l 

AC 253429 RE'L 5(1 pr-; 26(;16B REAL So. 

A1 257.34a ~EAL 5iJ PT 26245!l :lE'.L 

I , , , 
I 
( 

i ,. 

t 
I 

I 
t 
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I 
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PROGRAM DSSI 74/176 OPT="ROU~D= AI SI M/-O,-DS Fitl 5.1.577 85/09/19. 17.37.2Q PAGE _6 
-NA~E---AODRESs--eLOCK-----PROPERTIES-------TYPE---------SIZE -NAKE---APPRESS--8LOeK-----PROPERTIEs-------TYPE---------SIZE 

DUll 1 251148 
DO 25176 a 
01 2557:.18 " 

E 202108 
F 43430 
HE' 0 23478 
I 262578 
I Dr R 262638 
10;> T1 26250 i3 
I P'l T1 262478 
IP~ T2 262568 
J 26265 [l 
JF~ G 262648 *S* 
K 263218 
Kti 26100 a 
K1 26322 a 
K2 263238 

--~Y~80LIe CO~ST~NTS--(LO=A) 
-NA~E----TYPE------------------------VALUE 

NF 
NM 

INTEGER 
INTEGER 

--P R) CE DU RfS--( LO =A) 

1CrJO 
50 

-HA~E------TYPE--------ARGS------CLASS-----

ABS GENERIC 1 I NTRI HS IC 
I ~l/ERT 3 SUSROUTI~F. 

--ST'T~MENT LABCLS--(LO=A) 
-LA3EL-AODRESS-----P'lOPERTIES----DEF 

5 II/ACTIVE DO-TERI'! 51 
10 INACTIVE DJ-TERH 47 
15 INAC,TI VE DO-TERK 56 
16 INACTIVE 00- TE R Ie; 66 
20 INACTIVE o O-TE RH 73 
25 INACTIVE DO-TERM 80 
30 INACTIVE DO-TERM 75 
50 INHTI VE 00- T£'R~; 87 
55 I I/AC·TI VE DO-TER~ 94 
60 INACTI VE DO-TERf'i 89 
65 ItiACTI VE DO-TERro 104 
70 INACTIVE DO-TERri 110 
80 IN"CTIVE o O-TE RI' 115 
90 ItiACTI VE DO-TERli 114 

100 II/ACTIVE DO-TERn 120 
110 INACTI vE DO-TERi~ 119 
120 I""CTI VE DO-TERro . 122 
1 25 ItIACTI VE DO-TERM 137 

REAL 
RE.\L 
REAL 
REAL 
REAL' 
REAL 
I1ITEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGEP 
INTEGER 
INTEGER 
IIIHGER 
INTEGH 
INTEGER 

50 
50 
50 

2500 
1001) 

20 

50 

MASS 22658 
NDC 63139 
NDYlI 262443 
NFRe 262538 
NODE 262628 
Q 132228 
S8 63163 
SCAee 262553 
SCATI!1 262548 
SU/1 263138 
T 2373 S 
TM 261629 
T/'lAX 26246a 
TT 263208 
vO 252608 
v1 256528 

-LA8EL-ADDRESS-----PROPERTI[S----DEF 

130 INACTIVE DO-TERI-! 143 
150 10528 153 
160 11 n6a 167 
170 INACT IvE DO-T ER fo! 163 
180 I~AeTIvE DO-TERK 173 
190 I1IACTIVE DO-TERM 172 
200 I1IACTIVE' DO-TERM 178 
210 INACTIVE DO-TE"~ 177 
220 IUACTIVE DO-T ER '" 183 
230 INACTIVE DO-TEP.II 182 
240 INACTIVE DO-TER~ 190 
250 IIiACTIVE DO-T ER 1'1 213 
260 I1IACTIVE DO-TER'; 199 
270 INACTIVE DO-TER'" 222 
280 I~ACTIvE OC-TEf;t' 226 
300 13510 210 

1 IJ:iO' 10168 141 
1500 14008 219 

RE.1L 50 
INTEGER 3 
INTEGER 
INTEGER 
INTEGER 
REAL 50 
REAL 2.5uO 
REAL 
REAL 
RE.lL 
RE '.L 10(;0 
qE.~L 50 
RE~L 
i!EftL 
REAL 51) 
.E.aL 5Tl 

-LAa~L-ADDRESS-----PROPEqTIES----DEF 

3(;05 15213 FOR!'IAT 236 
30:16 15248 FORrAT 237 
30G7 15768 FOR~AT 248 
300B 16G46 FORMAT 249 
3009 16128 FOR~AT 250 
3C1G 1617& fOR"Ar 251 
3011 16376 fORrAT 254 
3012 16469 FOR "AT 255 
3013 16~23 FORI'"T 253 
3015 1671)6 FORIoIAT 259 
3020 e 16748 fOR."AT 26C 
3040 17G36 FOR"Ar 262 
3045 17179 FOR~AT 265 
31 r'I(, 1723a FORI'AT 266 
3110 174:'9 FOR"".T 268 
312() 17433 fORrAr 269 
315(; 176'6 fOR t'll T 271 

I 
I 

I 
! 
r 
r 

I 
I 

r 
r 
I 
I 
I 

~ 
( 
I 
I 

1-' 
I.D 
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PROGRA!'! OSSI 74/176 OPT=n,ROU~O= AI 51 M/-D,-DS 

--ENTRY POINTS--(LO=~) 
-NA~E---ADDRE5S--ARGS---' 

.' 
o S5 I 208 o 

--I/~ UNITS--(LO=A) 
-NA~E--- PROPERTIES-------------

T A" E1 n 
H? E14 
TAP E21 
TAP E5 
TA" E6 

AUX IB IN 10 IP 
AUX IS IN 10 II' 
AUX/B III/DIR 
F!H/Sl:Q 
FHT ISEU 

--SH TISTICS--

PRJGRA:1-UtIlT LENGTH 
SC~ STO~~GE USED 
COHILE TIME 

/ 

263438 = 11491 
657008 = 27584 
2.765 SECOIIDS 

FTN 5. hS77 85/09/19. 17.37.29 PAG~ 7 
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SUBROUTINE INV~RT 74/176 OPT=C,ROUND= AI 51 H/-D,-OS FT~ 5.1.577 85/09/19. 17.37.29 PAGE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1(\ 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

DO=-LONG/-OT,ARG=-CO~HON/-fIXED,CS= US~R/-FIXED,De=-TB/-5E/-SLI ER/-ID/-PHD/-ST,PL=5DOO 
fTN5,1=DSSI,a=a,L=LDSSI. 

C 

C 

C 

C 

SU5ROUTINE"" IIIVERHA,M,1II1AX) 

·0 I~ENS ION A<N~Ax,r/l1,6.X) 

DO 10 K=1,N 
DO 20 1=1,1'1 

DO 20 J=1"j 
IF(I.EQ.K.OR.J.EQ.K) GO TO 20 
ACI,J)=~CI,J)-~CI,K)*ACK,J)/A(K,K) 

2 rJ CO NTI/IUE 
ACK,K)=-1.n/AC~,K) 
DO 30 1=1,N 
. IF(I.EQ.K) GO TO 3~ 

A ( I, K) =.t, (I , K ) * I\( K, K) 
30 CONTINUE 

DO 40 J=1,H 
IF(J.E).K) GO TO 4i1 
A(K,J)=A(K,J)*A(K,K) 

4fJ CONTINUE 
1 n CONTWUE 

o 0·- 5 0 1=1, N 
DO sa J=1,H 

50 A(I,J)=-A(I,J) 

RETURN 
END 

--VARIABLE MAP--(LO=A) 
-NA1E---AODREsS--3LOCK-----pROpERTIEZ-------TYPE---------SIZ~ -N~HE---kDORESS--6LCCK-----PROPERTI~5-------TYPE---------SIZE 

A 1 DUMi'lY-ARG 
I 216B 
J 2200 

/ 
--5T'TEI'EIIT LABELS--CLO=A) 

-LA3EL-ADDRE55-----PROPERTIE5----DEF 

10 INACTI VE 
20 540 
30 1148 
40 1419 
50 INACTIVE 

OO-T£:R~ 
DO.,TEIli1 
DO-nRtI 
OO-TER,"! 
o O-TE R f.i 

--ENTRY POINT5--(LO=A) 
-NA~E---AODRESS--ARGS---

1/411 ERT 50 :3 

20 
1D 
15 
19 
24 

REAL 
I~TEGER 
INTEGER 

ADJ-,6.RY K 
N 
Nf.\AX 

2148 
2 OUI1~Y-APG 

3 DUHIoIY-ARG 

INTEGER 
INTEGER 
INTEGER 

I 
( 
I 
I 

I 

I 
I· 
~ 
! 

;: 
I 
t 
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I 
I 
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I 

I 
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SUSROUTINE INVERT 

--Sf' TI STICS--

PR~GRA~-UNIT LENGTH 
SC~ STORAGE USED 
CO~PILE TIHE 

17.5J.12.UCLP, AI" P04 

/ 

, 

74/176 OPT=O,ROUND= AI S/ MI-D,-~S 

230'8 = 152 
6170G6 = 25536 
0.383 SECONDS 

0.479KLNS. 

FTII 5.11'577 85/09/19. 17.37.29 PAGE 2 
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