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Object-Oriented Free Vibration Analysis of Plane Framed Structures

Shin, Young-Shik  Choi, Hee-Wook Suh, Jin-Kook

ABSTRACT

A computer program for free vibration analysis of plane framed structures has been
developed by object oriented programming technique using C'' language. The object oriented
programming concepts such as object, class, method and inheritance are represented, The
static and free vibration analyses for framed structures were satisfactorily performed by
this program which consists of TOP, VECTOR, MATRIX, STRU, GUI and other classes.
Numerical test shows the validity and capability of the present study which can be
expandable to develop a general purpose object oriented finite element analysis program of
structures.
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1. Structure of object-oriented free vibration analysis program
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3.2 MATRIX 9 VECTOR ZajA
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it Felae] Mde HEHP4(Private) Y-8, B ¥ (Protected) T2 WL F-&H<4(Public)
3EoZ Uik 4 At oAL HAEW4H LEdA MASE W49} nemberl 4 FS rHE
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class dmatrix:
class dvector
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public:
double su: . \\¥47]¢] Pointeri4e] Hd
int nrl, nrh, Row: wAatd B g guss) Mo
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public:
dvector(int
~dvector():
double #vector_constructor();
void printing():

,int ,int ):

friend dvector operator & {deatrixd m, dvector® n):

friend dvector Lubksb (dmatrixd m, dvector¥ n):
dvectork operator = (dvectord n):
dvector(dvectord):

dvector operator + ( dvectord n):

dvector operator + { double & dscalar):

friend dvector operator +(double & dscalar,dvector& n):

dvector operator - ():
dvector operator - ( double & dscalar):

friend dvector operator - (dvectornl, dvectord n2):

A
\\4 @ =2}
\\Pomter\"j

\\text
\\pl h—1 A

woue

\\#¥ $returnAl L} compilerl2] HEHsE 273
\\vector+vector

\\vector+scalar

\\scalar+vector

\\-vector

\\vector-scalar

\\vector-vectar

friend dvector operator - (double & dscalar,dvector& n):\\scalar-vector

dvector operator / (double & dscalar):
dvector operator * (double & dscalar):
double operator #{ dvectord n):
dvector operator |( dvector® n);

friend dvector operator #(dmatrix& m, dvectorX n):
friend dvector operator ¥(dvector& n,dsatrix& m):
friend dvector operator #(double & dscalar,dvector& n):

class dmatrix

public:
double *tv, *d, *e:
int nrl,nrh, ncl, nch, Row, Column, sindx:
int First,End, DOF:
public:
dmatrix(int
~“dmatrix():
void Free():
double #* matrix_constructor():
void printing();
void eigenprinting():
dmatrix operator “~():
friend double Maxvalue (dmatrixk m);
friend double Minvalue {dmatrixk =):
friend double sum(dmatrix& m):
friend double Det(dmatrix& m):
friend dvector operator &{dmatrix& m, dvector& n):
friend dvector Lubksb (dmatrix& =, dvectork n}:
friend damatrix LU(deatrix& =);
friend dmatrix Jacobi(dmatrixd m):
friend dmatrix Tred2(dmatrixk m):
friend dmatrix Tqli(dmatrix& m):
void eigsrt():
friend daatrix eigen{dmatrixh =):
dmatrixd operator = ( dmatrixd m):
dmatrix(dmatrixd);
dmatrix operator + ( deatrix& m):
dmatrix operator + ( double & dscalar }):

,int ,int ,int ,int ):

friend dwatrix operator +(double & dscalar, dmatrix& m):

dmatrix operator - ():
friend dmatrix operator - ( dsatrixd ml, deatrixi
dmatrix operator - ( double & dscalar ):

friend dmatrix operator - (double & dscalar,dsatrixi =):

dmatrix operator / (double & dscalar):
dwatrix operator * (double & dscalar):
duatrix operator * (dmatrixd m):

friend dvector operator % (dmatrix& m,dvector® n):
friend dvector operator ® (dvector® n,dmatrix®& m):
friend dmatrix operator * (double dscalar,dmatrixk m):

class smatrix:public dwatrix

public:

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

?-atrix& operator += (dmatrix m):
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\\vector/scalar
\\vector Xscalar
\\scalar'vector
\\scalar X vector
\\matrix Xvector
\\vector Xmatrix
\\scalar Xvector
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\\matrix+matrix

\\matrix+scalar

\\scalar+matrix

\\-matrix

\\matrix-satrix

\\satrix-scalar

\\scalar-matrix

\\matrix/scalar

\\matrix X scalar

\\matrix Xmatrix
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(1) NODE, MEMBER %! LOAD ZajA

FZ3 Mol Wa ANEE AR, Wt FHAEZM FZEY YA, Qs g
9 FAZAS NODEZHA W MEMBERZ e £0i, 3150 iyt X8 LOADZ ejAo] 2t ¢Jghc)
C}&2 NODEZ & ¢} MEMBERZE # A 2] Header file®A NODEE A2 ZFL8HMSHEo Aoy
o AdE AL HAAABINGHLEZAN AHHIL VindowioAe] €Ae ulel sigAdS
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class Node { class Meaber {
private: private:
friend class NodeList: friend class MemberList:
void DeleteCurrentNode(): void DeleteCurrentMember():
void FatalListError(chars): void FatalListError(chars):
public public:
NodeList¢ first_node: Node#® First_Node:
NodeList* current_node: Nodes End_Node:
int list_length: MemberList® first_member:
int Number: MemberList# current_sember:
int Order: int list_length:
char changewindow: int Order:
Coordinate* coordinate: int Number:
Displacement® displacement: char changewindow:
Constraint® constraint: double Length:
Force® force: double Area:
double Mass: double Youngs_modulus:
double Two_nd_moment: double Density:
public: double Inertia_moment:
Node( ): public:
Node® node(int): Member( ):
Node#® snode(int): Member® member(int):
Write(): Members smember(int):
int Size() {return list_length:} int Size() {return list_length:}
void AddNode(Nodes item): ¥rite():
void RemoveNode(Node¢ item): void AddMember(Membert item):
void changenode(int new_order): void RemoveMember(Members item):
Node* CurrentNode(): void changesember(int new_order):
void NextNode() {current_node Members CurrentMember():
= current_node-Ysuccessor: } void NextMember() {current_member
void operator++() {NextNode():} = current_member-)successor; }
void operator--() {current_node void operator++() {NextMesmber():}
= current_node-)predecessor: } void operator--() {current_sember
void GotoBeginning(): = current_member-)predecessor: }
void GotoEnd(): void GotoBeginning():
“Node(): void GotoEnd(}:
}: }“Melber():

(2) ELEMENT a4

TS F2EY Z4x % APEY2AE MATRIXEHA HEel2 e 73l S F=
ELEMENTZ e] A 2] Header file2A] NODE 3! MEMBERZ | A2] WA E A Y 4 Q= PointerH
T& U423,

class Element {

Node #fnode , #enode: \\¥Nodes} th YNode
Member ¢fmember, semember: \\FMember2} tfUMember
e_structural _type structural:
int dof:
public:
Element(e_structural_type, Node#, Member®): \\Af A4 x}
dmatrix LKb(int): N\RAEL Ta8 4 ZAcoEda
dmatrix LKr(int): N\&A A4S 23§t 04 ZAenjEgda
dmatrix LMb(int): N\EAES g a4 Aatnj=da
dmatrix LMr(int): NWHAAL T3t o4 FAekj=ea
dmatrix LK(int): \\qiigz} =g T8t 02 %lgnnze;_e
dmatrix LM(int): W43} EAES Tag 04 AvulEdx
dmatrix TKb(): \N\EA=g 3 i{ AN A=zvi=Edr
duatrix TKr(): WEA A g Lae AN pEo ‘_'—’.:ll_é.
dmatrix TMb(): WEAEZ a3y M JPof=gdr
dmatrix TMr(): \\qngg ;r_ﬁu AN Agoi=gda
dmatrix TK(): &4 ENEg I3 AN ZerEgda




dmatrix TM(): W#432} 2REg D¢ AN APoEYs

daatrix TransCopy(dmatrix&): \\- B2
N ~Element(){} \\4& 2|
(to Object) (to Object)
ELEMENT A FRAME A
pa— P—
O local Node Node
Load Member
O global Member (O integrate| Load
Element

%2, Description of ELEMENT & FRAME classes

(3) FRAME, BEAM I TRUSS ZefA

FRAMEZ @A 5 A Huwc) F2REL M3y A U224 ol AT
NODE, MEMBER, LOAD %! ELEMENTZ A&} MATRIX B VECTORZUAE U4 H4Z A1E31o],
| staz} sl TZYefol ulel FRAMEZ A2} o] ojn] BAHH 7E FHL2ES EYUI]
= PN L 25, & BEAM R TRUSSZ U4 5& Hoo o wtE 4 drh

3.4 ¢J™HVWindow BiA

A} g2t BAA A1gx7 43t MM TRE MY 2 Mo oy (EUYS 9
g oldWindow’} REUE|(Monitor)o] vlehdcl o] ¢l ¥Windows Scroll, CementBar,
StateBar, NewBar, Cell £¢] oja] ZHYAES UFH4ZE FAst AAzE, F4zx4, 3
2, A} nUE] Hildy, BAF FAstE A, Vel SHAE AHEA EHA &
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2 Scrollo] 7hs3le ol9A(Mouse)ZE Z3to] Zhydirt. o YYPWindowd] S 7d
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2 dFoAq AUE Z2adY s XYL HAESI H3 o e Hdas
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4.1 L)Y 2
v.v x Eo
T 1 00 00 11
s 2 s . e 2 2.0 0.0 00
£ Y 2m 4R —p—— Im - 3 '0 .
e - 4 80 00 00
5 12.0 0.0 00
A=0.0625m? 112 3.25e-4 0.0625 30e6 7.35e-4
E=30x 10°N/m? 2 2 3 3.25e-4 0.0625 30e6 7.35e-4
p=735%10"‘N¥/m* 3 3 4 3.25e-4 0.0625 30e6 7.35¢-4
1=3.25%10"‘m* 4 4 5 3,25e-4 0.0625 30e6 7.35e-4
AAEY
frequency 1 = 5.573e+01 (f.4=56.6Hz [13])
eigenvectors :

1.825e-15 -1.194e-14 4.412e-02 -4.221e-02 1.626e-01
-7.500e-02  5.361e-01 -1.084e-01 7.301e-01 3.633e-01

frequency 2 = 3.550e+02 (f.s=355.8Hz [13])
eigenvectors :
5.191e-15 -2.122e-14 7.452e-02 -6.864e-02 2.628e-01
-1.187e-01  7.392e-01 -1,284e-01 -5,669e-01 -1.491e-01

4,2 9 Frame

yv 20
1 06 00 111
2 0.0 150 o000O
3 12.0 150 000
l 4 120 0.0 111
— s 112 3.36e-4 6,35e-2 30e6 7.35e-4
2 2 3 3.36e-4 6.35e-2 30eb 7.35e-4
A =0.0635m" 3 3 4 3.36e-4 6,35e-2 30e6 7.35e-4

E=30x10°N/m®
0=17.35%10"*N?*/m*
1=3.36%10"*m*

AR5
frequency 1 = 3.631e+01 (f.y=36.4Hz [13])
eigenvectors :

4.190e-15 -4.192e-16 2.84le-16 -3.613e-04 6.220e-01
3.961le-01  5.333e-01 1.533e-01 -3.615e-01 1.328e-015
5.73%e-14 -1.011e-014

frequency 2 = 1.975e+02 (f.4=197.1Hz [13]).
eigenvectors :
-4.425e-15 5.202e-16 -3.017e-16 3.754e-04 -4.088e-01
-5.378e-01 6.871e-01 6,648e-02 -1.838e-01 1.826e-015
1.106e-13 9.220e-015
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4.3 4 Eg{a
y.v =2
] 1 00 0011
217,320,011
T 323.090.011
1om 417.3210,000
. R | 11 4 0.06 30e6 7, 35e-4
! . 22 4 0.06 30e6 7.35e-4
33 40.06 30e6 7.35¢-4
}_-_ n.:zm-—it— 5.77m —|
A=0.06m"
E=30%10°N/m*
0p=1.35%10"*N%/m*
HYEY
frequency 1 = 2.120e+03 (f.4=2064Hz [13])
eigenvectors :
6.507e-13 1.718e-12 -1.301e-08 6.16%¢-14 4,968e-13
-5.178e-13 9.978e-01 6.651e-02
frequency 2 = 3.651e+03 (f4=3662Hz [13])
eigenvectors :
4,334e-13  4.312e-12 -2.572e-09 1.212e-12 -1.872e-12
1.417e-12 -6.651e-02 9,978e-01
5. 4 &

E °3-—1’-°ﬂ*1~t— C'dolE o] &% ANAY =2 Y| YLR PCE PR3 ZE2IHS
Ndste] w22 E A{-AFHNHE st
L e SHAe ZRagocR e HEIISURE ohvel “Dynamic memory allocation”iS7g

o] Z2IME FAA A+ FU2E

S JIRlEg 2L J|geug Alfdlvels 22 o] YO R uAE Q= A =g
PR} ASErt wEn, d&d 9 gy B 5P 02 Aty 2oy AVE F
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AN Y3t v, NFUNYR AXE 34 + g9k
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