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An Object Oriented C** Program for Free Vibration
Analysis of Framed Structures
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Shin, Young Shik - Suh, Jin Kook

.....................................................................................................................

Abstract

This paper describes a C** free vibration analysis program of structures for personal computer.
This program was developed by object oriented programming method which is the latest trend
in programming practice. The object-oriented programming method which has the superior reuseabi-
lity and expansibility to procedural programming provides various choice of menus and easy modifi-
cation of the program, and reduces the development time and size of the program. This object-
oriented free vibration analysis program written in C** language consists of Vector and Matrix
classes, Structural Analysis and GUI classes. The efficiency and validity of the program were exami-
ned by solving several numerical examples. The static and free vibration analyses of the framed
structures were satisfactorily performed by this program on a personal computer.
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At 4037t fetasyo) B3¢ FHEAE
HAshcd FRA ARl oA, F2H TR
i 7)¥(structured programming method)&
53 g2 fEax 7R Z2adEe] Ads
Ak vk gl AR gl SAPOA e ¥ e
I 2 1 ¥l(general purpose program)E-£- HlauH v}
oFstil JEHE T2 e vlE 2 72} oS-
Bastol Age Qleeo] BHalal, Ay LR
g HEAQ Aie] Aoy Zaz W MAE 4
x| AHol Fw, FHEHQl L 1Yol Ao Lo
A b= B 7 2 B ofEgel gk #H
10937y 7iel 8- 487 FEl(personal computer)2]
Zye B9 MN98F ¢ Hesre] e
oleld WE Zauye] dHg FEHoR MM
PCE& Zzgie] 7ge] 23151 glov, AF7HA
e PCE FxEA 2802 Y& 1Ly
oW upRvbA s FORTRAN# 22 dxid 9o
(procedural language)® 245} lo] 7|&Ee A
23 zgagd  7ig(procedural programming
method)®] A sLEg)oi(software)e]l A} (reu-
seability) ¥ R 83Kmodulization) 2 #4173, 1
glu Zgoae pAgAe Hub 9 BEEH 43
Nellx A Zadg AESjol s A F
ArE ~ZEoje] {2 W Hpo] AIA|A
28 Aoy dEA low, A P
zgnge] §AoR et ALASe Iyt
AFH =HE 7|Eo Yot wetA gory 7
za|y zzaPel AEe AEge T B o}
Yeb z2oro] £ fA#e 2 71s gl e
Hogre] A2 Fudhzd 23 & DFolok &
s Qo el §A9) B4l oy
AEE Hdg Ao 3t ol(hardware) 2 ]
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E FANE o) wHe Wl F A8(data)d]
He) g ) Asol & FAQ 2AH 5 Y
F e dAsks Wl A A object-orien-
ted) AZES 0] /o] TAEA HA &
3 ofd] ARG oy dolF B dolA
ALg-Ele CHreo]®9] EIE|(pointer)o] &% 43
AN HHE) AMESIE, 7lEY HAF dojw ¥

SRR Yk wepa] ARG T2 ey
7iEe A Lz AHE F831HA L
BAHAA] AT = sl Zaos uhyolet &
& dth

AA A5k 2 1] thgh A 1980 Sk
HAEE Rololl A AgtEe} Ht o] FolellA
A7t e APEHD ed, ER ¥ dEEok
ol M= 19931 7§ ¥ A 53 International Confe-
rence on Computing in Civil & Building Enginee-
ring'Pl M F2 Ede] dTAES FHoE A
G E-E 24e 1 AREA & (gra-
phic user interface)& ¥ 3% AutoCADS}e] 7]
A 9 AlEAY, TR 2 AT 3R F
#e] 2oy -8, B3 TFEHAALY
T, TERAA STHAZEE AT AERYd
gt A5 5 ololetlo]2x(database) 7ol #3F
> AFRILT} EolA] 1hel, o] ol Aol 2
g T2 7ol g B Wilo] JFEar
2& ¥rg3ly Yot 1990 Forde %o Object-
NAPolgh= <ol& Atgsle] fataisis] =R
Wo) o) 3 AFE RIS ol TR
e A7 gis] AP e, Fenves,"" Zi-
mmermann $2190] Aol A Smalltalk"e} g
HAAGH loj7t R AMAE HE F USE
HolFa, 1 % Fenvest= AAX Aoz 73t
sas49] Axel(preprocessing) TE1W 9] S8
FeAde BAFEgoh O delE ALMRE At
Mackie"2| -9} TimoshenkoXoll A% 3t
s Teog W Scholz §'9¢9 vt
glont otd e fIta aalA o] uist 34
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ApolA dHoletwlo] 2 #FE|A 2R B dlolet
wolAe] ¥ FxE Ao B wojeh o]~
T3 2 #elo gig FF AAA2E #F A
E82M §¥as FRM B 8L B dF
Ao 2§ JFB-Reloj= HEF-8lc}

ety B dFeME PCE #3884 72N
zZ2ade g B A7 d¥E AN ¥
AFAEH o] beg HAAMAGg CHr FRHA =
2a9e Mdsn, dAHYE B3 o] Tz
#ol gddn A4S HAFsux g

2. Mg =20

WA E T2 PEE AMHS 2R
EZE U4 S5gHo|n A7 £LE
TA949 Yll(objec)E MA S Holth ol
e &84 Zaadg Adsiazr @ o 7
ATZEolo FAHAAAE HHTLHANM AT
4 QlaL, Heg &8 dis) 71E9 R=(code)E
WAL 5 glom =2 EEkY(prototype)S A
Hog PAY F oA mZEYS] NEAzY
A71g dA3 4 F ULS g9k A8 =
EHolv #£83 =g Ix2 dha, 2Ry
Wzt Al 2tz 2 A 2] #(procedure) & & 2] &t
HAAY 245 AEBAE B8 #asH
e 7189 A Zaoadgy Y gy A
A z2agygee 48, gl He
AaEs HedPdEol <3N encapsulation)¥] of
A AAR Hddho S8t g ot A3
2dyE 5 vk ok EAEYl e AR
AAg metetal 11 AAE FHEE HAo] T
a8 FHARAo] "ok HAEL AME A A (mes-
sage)& Fi PFoEM FRE AWM, OE
M2 BE e fARE B4l 2 ¥ HE S
83517 ek

F47 Ay, & 543 £H A8 A
B$A4-& Ll A AFE Fella(cdass)e
sh=t], & Pascal £ CollA 2] W4 go] Foi7
g ¥ 2o B X(instance)] At o] AA =
Felzo) Qlavizetn & 4 ok ol#F e
Nde 48 HPdEe AFse g€ =2

= 7Wd(record concept)ol&ti B 4 glow,
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A Ao #7148 282 Jehll= 3 E(template)
= B 5 e, o] HEL BE dd9 9

Fob Falizo o dAEHe dH v
) 322 E#(protocol) S ¥ 88T} Zhzbe} Z)
g FHARRE IdEHe BHEELE F1

& QB #H o] A(interface)E 2z QUth
zof 45 NAE HHEFPPEA A
W8 Aalyal(method)ol 2t &=d], o] A
el zp A HAE JAEA W fg
ZAg FHae EHatte] ASHEAE B8 1L
49 F#fX(superclass) 2 FE AEel HwrAlg
& &% 4 9ledl, of# & AbdAl(inheritance)&
AA7F FAR S8l HAaA Wy MR A E
g8 5 ASG ougch &, F&old oju] &
s Aok A9 FAalsht 28 thE RS 2
A2 g ok w8s Wk, 49 Ze
29 FHEE Fol 39 FdS(subclass)oll A A
£3lAY, C 9 HAadei(compilen)?} Fol 449
Fejro) m=g 3¢ FalaolA Balste] FR/-3
A Hol AAreAAE FujAlzich

MAe] YRl Me|tge T2 WA ol
g o] oflrR2 Mz o Aile #E ol§9
A AY L 714 F Aok olgh Ho| 7] thE W
AEo] FLg wAA s 2 GE WS
Heh= AE ¥ A(polymorphism)el et 3, o] A
& A" o) oln] EREhE WAl Ao s &7
e AZS NAE Aladd A]dse Ao
Lolglths A& oulsich

ol¢} o] izege] WL, XEIYWo
g 2 Ao e ey, dEd @ AAE
Aol Holxt AAAFE ¢lo)E2 Xerox Palo Alto
Research Centerollr 7Htgl 3] 4= ol
o]Ql Smalltalk ©)F2 o] /NE=HUE 2 F C
71¥keiol) C*'¥ Simula, Smalltalk F3 e
E-gteloj(hybrid language)24 compactdtil 48l
&t wa i o)A Ado] 78l o4& ei(assemb-
ler)s} A#sred u Mg A& & 5 e F 71E9
Celoje] RE J|TES U2 A 4 glon,
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vlolY(dynamic binding)3 AAlEAHdo g & F
28 71%2 71X C Zz2adec) =Zv)v) Zd,

3. XY C** ARTISHY T2

B Aol Add ARG 2 '%‘ A =
e EYAHoR AMRHAY v TR F0)
A4 glo] AMgHE VECTOR % MATRIXE ) 29
AA Lz E 3= STRUFH S, 18n L
2P AHRAE AHAA F AR FHIFE
re] A agel o Held J&Y HA L s
GUI(Graphic User Interface) &= Fog8 T4
Eo] qlrh

class dmatrix;
class dvector

{

public:
double *u;
int nrlnrh,Row;
public:
dvector(int , int ,int );
“dvector( );

double * vector . constructor();
void printing();

friend dvector operator & (dmatrix& m,dvector& n);

friend dvector Lubksb (dmatrix& m,dvector& n);
dvector& operator = (dvector& n);
dvector(dvector&);

dvector operator + ( dvector& n);

dvector operator + ( double & dscalar);

friend dvector operator -+ (double & dscalar,dvector& n);

dvector operator - ();
dvector operator - ( double & dscalar);
friend dvector operator - (dvectornl, dvector& n2);

friend dvector operator - (double & dscalar,dvector& n);

dvector operator / (double & dscalar);

dvector operator * (double & dscalar);

double operator *( dvector& n);

dvector operator  ( dvector& n);

friend dvector operator * (dmatrix& m,dvector& n);
friend dvector operator * (dvector& n,dmatrix& m);

friend dvector operator * (double & dscalar,dvector& n);

I
class dmatrix
|
public:
double * %y, %d, *e;
int nrlarh,ncl,nch,Row,Column, * indx;
int First,End, DOF;
public:
dmatrix(int ,int ,int ,int ,int );
~dmatrix();
void Free();
double * % matrix constructor();
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3.1 VECTOR % MATRIXgal4

o] ZFHY2EL FRHANAAFFT Holx oy
AHEEE EH2E2A /A FAHY HE I
Ag ¥iske Wee) g g PP o
T EHAEL 2] el o] tE Wyes
o] e Ee A Mg ¥gsta gl
Ct ooz @ 2 Sz FPE P95 hea-
der file®} header fileelld A== E#l2 mem-
berdr+E2 FAE program file2 FAF ) )
2 AAe HE(private) £ F8(public)i-Ho 2
o] M, 7M. AL RE memberPLES
&SR AAdEch g e g wEYs &
g2 e 13lo] header fileo| theh Aot}

NN\EFAE EolERse dA
N\AEE g 2E

NN A=
NON\AaEat
SNESTE 4
N\NH2EAoR WEHE &9

SN\ rEE o SEYee AYwEAY #HE 7
SN TlER A
AN L e

7l 4o Hd

o 71jga €

7

SN EAY FHuhdAle] HEESE
SO\ vector + vector
S\ vector + scalar
“\.scalar + vector
SO\-vector
N \.vector-scalar
“\.vector-vector
“.\scalar-vector
O\ vector/scalar
N\ vector X scalar
“O\scalar.vector
“O\scalar X vector
N\ matrix X vector
N\ vector X matrix
SO\scalar X vector
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void printing( );

void eigenprinting( );

dmatrix operator ~();

friend double Maxvalue (dmatrix& m);

friend double Minvalue (dmatrix& m);

friend double sum(dmatrix& m);

friend double Det(dmatrix& m);

friend dvector operator &(dmatrix& m,dvector& n);
friend dvector Lubksb (dmatrix& m,dvector& n);

friend dmatrix LU(dmatrix& m);

friend dmatrix Jacobi(dmatrix& m);

friend dmatrix Tred2(dmatrix& m);

friend dmatrix Tqli(dmatrix& m);

void eigsrt();

friend dmatrix eigen(dmatrix& m);

dmatrix& operator = ( dmatrix& m);
dmatrix(dmatrix&),

dmatrix operator + ( dmatrix& m);

dmatrix operator + ( double & dscalar );

friend dmatrix operator +(double & dscalar,dmatrix& m);
dmatrix operator - ();

friend dmatrix operator - ( dmatrix& ml, dmatrix& m2);
dmatrix operator - ( double & dscalar );

friend dmatrix operator - (double & dscalar,dmatrix& m);
dmatrix operator / (double & dscalar);

dmatrix operator * (double & dscalar);

dmatrix operator * (dmatrix& m);

friend dvector operator * (dmatrix& m,dvector& n);
friend dvector operator * (dvector& n,dmatrix& m);
friend dmatrix operator * (double dscalar,dmatrix& m);
b

class smatrix:public dmatrix

public:

smatrix(int,int,int,int);
smatrix(int,int,int,int,int,int);
smatrix(int,int,int,int,int,int,int,int);
~smatrix(){ }

dmatrix& operator + = (dmatrix m);

b

3.2 STRUEE|A

STRUZ A% 7|EH] 2 E A ulE 93 NODE,
MEMBER, LOAD %2} a9l 4A 7k 329
BEE 228ME F8sh= ELEMENTZH 25
TAEH E2AH —‘ﬁla“}\o]\:}_ o B 7%,
NEH JHAEL NODE 2 MEMBERZF & A0 A
e, LOAD Fi2oe Ed BAE ESo
Rk g l=3

3.21 NODE ¥ MEMBERZ#~
NODE$} MEMBERZ#A: Hd mu 723
Aol NBHoz W ARE 79AI 1 g

MI4E 1199 F 10 -123

SN\HAEFOR EY s 29
\\_ﬂ.ﬂ.z]“—' \aﬂ/\c‘ %aj
AN 74\4
\\UHFEV‘BV“* A xe g
SNHEHES &J*XIE T

NN\ EE e 'i ) i}*‘z} A2k
NN\ EA A4
SNN\EgAR e e 7
SANLUY A=Az dAggae) g ¢
SONLEE Ateledgag B

\\]acobl‘ﬂ"ﬁ&}r_ 18R Al

SONHAMEZAE tridiagonalmlE A8 ulR
\\trld1ag0nalﬂﬂ§:€i__; A AR
SONTAAS] A

S\ Householder & QL% 2% 1&x A4t
SON\H ] #

SANEFEEANY A Al vl 2718
N \umatrix + matrix
N\ matrix + scalar
U\ scalar -+ matrix
N\ -matrix
“\.matrix-matrix
.\ matrix-scalar
“\.scalar-matrix
.\ matrix/scalar
. \.matrix X scalar
O\ matrix X matrix
“\.matrix X vector
O\ vector X matrix
N\ scalar X matrix

NN
NN A
SO\
SNNAaEA
AN e
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e FRAEEA 1319 848 vRog P
vt o3¢l NODE#:#: 249 MEMBEREZE
header fileoll ¢} 7ro] NODEZe|20] FLHEFE
o AoE] e 3L A4 Rarie iegsA
HHHs U A= (Window) Aol o] wAjo] ule}
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2

9l
X
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L

A% AYE 55, 37} A9 MEMBERZ)
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class Node {
private:
friend class NodeList;
void DeleteCurrentNode();
void FatalListError(char % );
public
NodeList * first node;
NodeList * current node;
int list"length;
int Number;
int Order;
char changewindow;
Coordinate * coordinate;
Displacement * displacement;
Constraint * constraint;
Force * force;
double Mass;
double Two nd moment;
public:
Node( );
Node ®* node(int);
Node * snode(int);
Write( );
int Size() {return list" length;}
void AddNode(Node * item);
void RemoveNode(Node * item);
void changenode(int new order);
Node * CurrentNode( );
void NextNode() —»current node
= current” node-»successor; }
void operator+ +() {NextNode();}
void operator——() {current node
void = current” node{predecessor;]
void GotoBeginning( );
void GotoEnd();
“Node();
b

QoA AFg Fellz=eje] 7t NODE ¥ MEM-
BERZ 2o AAME JAste sAsinz sk

class NodeList {
friend class Node;
NodeList # predecessor;
NodeList # successor;
Node * entry:

class MemberList {
friend class Member;
MemberList ¥ predecessor;
MemberList * successor;
Member * entry;

322 ELEMENTE# 2
HAl 7 pRgudz 34 2 ARAENA
sk 49 ELEMENTEH 29 AFx

19 13 gon o] Fulike] B9 FAEEL

e wo

N
-
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class Member |
private:
friend class MemberList;
void DeleteCurrentMember( );
void FatalListError(char *);
public:
Node # First~Node;
Node * End Node;
MemberList * first”member;
MemberList * current” member:
int list”length;
int Order;
int Number;
char changewindow;
double Length;
double Area;
double Youngs modulus;
double Density;
double Inertia” moment;
public:
Member( );
Member * member(int);
Member *# smember(int);
int Size() {return list"length;}
Write( );
void AddMember(Member * ijtem);
void RemoveMember(Member * item);
void changemember(int new™ order);
Member #* CurrentMember();
void NextMember() {current”member
= current” member-»successor;}
void operator+zi++(} {NextMember():]
void operator--—() {current” member
= current” member->predecessor; |
void GotoBeginning();
void GotoEnd();
~“Member( );

b

TZYeE FAs] 33+ NodelistZ#H 29 Mem-
berListZa 2 ¢] header file2 t}&3} 7}

TEEHE 24 FEE 2 AF EYLE 47
g MA MELHAE ZY(assemble)dh= A g
3% 2 pFx¥EeE 4% AlE X(inheritance
tree)ol| A= olefjFog 42 ELEMENTE 2
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2% 1. Class hierarchy of ELEMENT class.

A ZiAE ERiEY o M FaEY 74
24 AMERA, 239 FHHAY, 249 /2
T84, 33Y AHHY & 3A ARAEHY B
Helle, 2 & Z#25& ELEMENTE A2 R e
FEHE BAF ol F#aidAe Hedx
MEE 2237t 4 715F e &34 2 A4
€74 Sol 7Fe#€ Yl stk ELEMENTZ

class Element |{
Node * fnode ,* enode;
Member * fmember, * emember;
e structural "type structural;
int dof;

public:
Element(e ~structural “type Node * Member * );
dmatrix LKb(int);
dmatrix LKr(int);
dmatrix LMb(int);
dmatrix LMr(int);
dmatrix LK(int);
dmatrix LM(int);
dmatrix TKb();
dmatrix TKr();
dmatrix TMb();
dmatrix TMr();
dmatrix TK();
dmatrix TM();
dmatrix TransCopy(dmatrix&);
“Element(){ |

3.3 GUIARBX} B&E=x|) a2

E2 33 ARRAE AAAA FE GUIFH &=
19 2014 B wle) Fo] xlze dE Hxe
£9& 9wy, g 22 dy dx$ Fgx
(Input Window Class)®} &8 1|9 £ 2ut-
put Graphic Class)& ¥33ch

o] Z& 2 Scroll, Cementbar, Statebar, New-
bar L Cell EH2E2 FAHO] dor, dei7}x)
FZHE AT ARES AR P 9EE &
DA B E o] A FHAE AR TR (-
bular form) 78S} ¥ % $3 9 automatic genera-

BUE BIE-1994 5 1A

229} 3¢ Ee2= FRAME, BEAM % TRUSS
W T2 HAA9 HRWY FREL A
A3 2524 g HAE¥ NODE, MEM-
BER, LOAD ¥ ELEMENTEei4E3 MATRIX
H VECTOREH2E W52 A3, 343}
1z ke TR wet ojv 44dE e
H1EE Eehe FRIAHE SH2EES Ha9)
e} e g gtk

e pREe JAx 4 /;‘:]%:U“EQ/‘
TRIXEH Hehg ghd T3t d8iA
ELEMENTEZ#2:9] header file24 NODE %
MEMBERE 2 22] A& A8 & Y= EUH
A4 WRHEFR .

MA-

\FNodes} thiNode
N\ FMember2} th¢iMember

NN AL A

SNEHES nEig 84 FEEHA

NNEAE 8 a4 FevjEls

\\5”315-% 233 84 FAPefs
E0FE 1 94 FPaegs

\%".—*J’e}ﬂ} EHEE 18F 84 HBuuEgS
N\FAAH THEE 13§ 24 Ayl
NNEHEE nHT MY FEoEYs
SNAN\FAFE 23T AN FEofEgs
NNEHES o A4 dgujEes
SN\EAEE L AN AgmjEes
NN\EAFY ZHES 12E A4 druEygAs
SNN\EAAE RUEE peig ¥ degujeg s
NN A B AL
ANRNE-= P

tiong o] 8-% 48 Fof 71K z(keyboard)S} vi-g-2
(mouse)E E3 rlasith 18 2v 48 fx$9
o iz A Algatel FHFEZI] FERFHE, TEHE7,
sade 5o AEFERE AFEA nBILE 3}
7] 1% el A8 AN E ol 5 YA s
3 gEde ¢ olr] JEHE (EEE R

F Ae EUE AR$ES Aedhe Sd2ER
s, g Foaeh dAlE] gl

SeAAA s geAAsE DA B0
g Aws FUze H9 FA2A CellFe
st 99 ARSE PFAsE MY 1REe 9Y
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Data Input
1)File 2Z)Screen

Input Variables 'l STRU  Class

Input Data Matrix ¢

s »| Matrix & Vector Classes
Class ‘j‘
sult Hel M JES—
l)Flll Z)Scrvm J)Pr,mer ¢ P Message |(

Error Message

Print lnput Data,
Element Matrix,
Results

8l 2. Interactions of GUI class and other classes.

L}"’J 7}\‘1 ﬂ"!"l SCTOHO] 7}'——6}05' u}o MBI ;Lz_}.
7Pgdtth thg Cell 2efso] SlEjsfo]s Rol
o},

class cell: public Icon |{

friend class CellGroup;

CellGroup* parent;

int number~x,number "y;

int key,x,y,FLAP,initial “value MAXCHAR:
int MARGIN,N,R,ScreenHeight, Number,End ™~ point;
char * string, * * endptr;

int CHARNUMBER,IMG “POINT;

int status;

double value;

void InsertChar( );

void DeleteChar();

void CellFill” string( );

public:

cell{CellGroup * ,char * ,int,int,int,int,int,int,int);
void Display();

void LeftButtonDown(int,int);

void HighLight();

void UnHighLight();

void initial ~display( };

void initial~after ~ display( );

void cursor ~set( );

void LeftButtonPressed();

double Value( };

void SetLegend(char ¥ S~ tring);

char * Returnlegend();

void KeyTyped(int);

virtual ~cell();

b5
4. oldisse % g
2ol e ARG CF KR35 8 A

Féu B BEe) Skl sk e

4.1 el 2o XRXIESHY
Data Input
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g 3. Example of input WindoWs for truss analy-
sis.

NN frsote FEAEE A% friend4d

| B2 4
£AE 4
EAE A

NNEA Y AN HA
SONEAe] A A 9
NNEA L cellTIHE

NN A A A
NN -5 L R S R
SON Rzt BEA e d8
el el
\\cell—% o Al ‘"E}

NN AEEE Z718Ag 19
\\5&7]5}“‘3?4 5}‘1‘ g

N\cellehe} # X & 1y
SONPRE 2 B A d3
NO\eellgke} B
NOhcellgre] F

NNWIIREYL B Had

SO\

0000 11
20 00 00
40 00 00
80 00 00
120 0.0 0 0
12 3.25—4
23 325e—4
3 4 3.25e—4
4 5 325e—4

= R L N

0.0625 30e6 7.35e—4
0.0625 30e6 7.3be—4
0.0625 30e6 7.3be—4
0.0625 30eb 7.35e—4
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Result Qutput
frequency 1=5.573e+01 (f=56.6 Hz®)

eigenvectors:
1.825¢—15 —1.194e—14 4412¢—02 —4.221e—02
1.626e—-01 —7.500e~02 5.36le—01 - 1.084e—01
7.301e~—-01 3.633e~01

frequency 2=3.550e+02 (f.;=355.8 HZ®)
eigenvectors:
5191le—15 —2.122e—14 7452e—02 -—-6.864e—02
2.628e—01 —1.187e—01 7.392e-01 —1.284e—01
—5.669e—~01 —149le—~01
4.2 ¥ wmol7x9| XRXlEsY

Data Input

1 00 00111

2 00150000

3120150000

4120 00111

112 336e—4 6.35e—2 30e6 7.35¢—4

22 3 336e—4 635e—2 30e6 7.35e—4

3 3 4 336e—4 6.35e—~2 30e6 7.35¢—4

Result Output

frequency 1=3.631e+01 (fer=36.4 Hz®)
eigenvectors:
4.19%0e—15 —4.192¢~16 284le—~16 —3.613e—04
6.220e—01 3.96le—01 5.333e—01 1.533e—01

—3.615e—-01 1.328¢—15 5.73%9e—14 —10lle—14

frequency 2=1975¢+02 (fs=197.1 Hz®)
eigenvectors:

—4425e—~15 5202e—16 —3.017e—16 3.754e—04
—4.088e—01 —5378e—01 6.87le—01 6.648e—02
~1838e—01 1.826e—15 1106e—13 9.220e—15

4.3 QX ExjA9 XIRXIEHA
Data Input
1 00 00
2 1200 00 0.0
3 6001039 00 111
4 600 5195 1525 0 0 0
114 0012 30e6 7.35¢—4
224 0012 30e6 7.35e—4
334 0012 30e6 7.35¢—4
Result Output
frequency 1=9.330e+02 (f.;=933 Hz®)

eigenvectors:

00 111

111

R

-A=0.012m?

fr

—9.710e~14 —4.686e—01

6593e—13 1.154e—12 3934e—13 6593e—13
—1.154e—12 —3.934e—13 —8.138e—10 3.640e—25
—3.03% 26 1.000e+00 4.673e--01 —3545¢—01 9
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A=0.0625m E=30x 105N/m?®

p=735x10"*N-s%m* [=3.25x10 *m*
7l 4. Cantilever beam.

r

18m
J‘ 771

A =0.0635m? 0=7.35x10"'N-5%/m?

E=30% 10°N/m?® 1=3.36X% 10" *m*
23 5. Portal frame.

W

15.2%m

— én ~A— tm xu
E=30%10°N/m?® ©=7.35%10""N-5%/m*
22| 6. Space truss.

equency 2=9.894e+02 (f..=989 Hz*)
eigenvectors:
6.258¢—13 1.23le—12 2934e—13 —6.258e—13
1.231e—12 —4.90le—13 —428%e--22 1.660e—12
9.957e—01 —9.286e—02

44 1 %
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ehfia o & 4 dov], AEFEH o] =
gl B omgoadel C' AR (source code)i=
MR G BEA o 2ol 28 2 e]E(algorithm)S

7}2 FORTRAN @ 1a3@®uc g1ye] =277}
28% Anx Z2E9v) welba] ekt vsg zhe
Wk We Za Aol ALy Zawe] 77
7ER Y F4E 4 Ug AR Holn, o=
Zg1e ﬁ?‘ﬂ’cl(debugging) 7 3} (compile) ¥

P2k A 58 FAFA o] mzagel ¥
$HY SR R WY Be AAdes A 4
A& ofvighl.

5.4 &

AAAF Aoel €' 2 AA o] FREY A

ANE BEAHOR FYY F YA 3 B
A Zeage fxA waogy vhiel &
AHEES AES N2 ANAF Z2 s 7y
& AE3k JpdEQen, o]#dt AR xEg Ly
e 1) B4 444, oEA 2 5 v
22 &3 dynamic memory allocation) %«3‘ o} £
sto] FYH BAe] PxH olojz PAE 2z

ol el 2xeslel Az 22 1ge] 27)

NE
T

£ &Y F o, zraHe] A LEEo]
FrAFAeHA ML Bt v 38 AlFel ek

AL 4 U B B ATE dXE] ¥ x4y
el Mgz QA W AMREHEY AY,
MAAGF oo e T2 1w HAEA 2
g4 5o ‘ERSL Tz 93 PCE =%
21 o] shak Aol AL 4 e}l Al Hoh
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