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Application of Object-Oriented Approach to Earthquake Engineering
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[Abstract] This paper presents the object-oriented approach to the earthquake engineering. A variety of
computer programs has been developed in order to analyze complicated structures. As a number of functions
in their programs, it becomes difficult to manage them. The fundamental problem lies in the fact that they
are designed in a computer-oriented manner which is totally different from our intuition. Therefore the object-
oriented approach is efficient to overcome the above mentioned problems. In this study, the three-module model
for the structural analysis system is proposed. The system is characterized by the structure, load and analysis
modulues passing messages each other. This model is more flexible and more useful than the conventionally used
structure-based model for the earthquake response analysis problem as well as the structure analysis problem.

1996

[F—TU—K] FT U=y MER, 7 TATAT T Y, BRISEARS, MR

[Keywords] object-oriented, class library, earthquake response analysis, structural analysis

1. LI

FE, A7V MEREMCET2EBNEEY, B
WER7 YV r—La vy RBHcBW T EOEANRERIZE
HbhhTW5a, #BEEFSFICBVYTH, FRERE~D
BWAY 2 3 1) 5 ORH~OEA NP RF SR
TV AEFOEHHERBESNL TS, REROFRIC
BOTI, BEYOHBEEEFMET 5 Z LICERSED
hTBY., TOREHET MVENRRAAY y RENXB T
LTRSS AT LDEBEL TV HOREN,

HBIESB~AENEEATIICELTL, TOEMH
REEOHELRL . BABBIBEDEDOA A—V %
VAFARIBWTRRALLIEWVWIHDTHD, L2 L
RS WEDE ETF LT RIS > TEDRTAEL S
2 THBE. MBLESFCBOWTIRBEDEERL AR

FBRERERNE TEHRM LAY AT A LEHE
R HLET K E HANT)

2 Ph.D. FIBAERFHWEE LEMFAPLARS AT A LFEHE
(606-01  HUiZEFUX 3 HAHT)

3T FBRFARERSE TEFARLALRT ATHHEE
(606-01  J#B & R IX & [ AET)

1 (L)
(606-01

LB LOPBBEWHLERICHN LT FEM 28835
izl XBEREFVEMRBTHZENEN, B
ROWEDAT V= 7 FVET AT, BTEiRE LT FEM
WWHELTWA HONRENWD, LY EEMEDOHZETNV
OMENLELRD,

ARXTIRET, 2TOFTOERL 22 HFBACHT
HRICONVTHET 5, KEHBLFACBWTEHERE
BTHHIHMBAT V=2 FDERIZONTHEL . %y
FENEHFBRAT V=7 b2 E ORTHALZO» b5
¥THRET S, SOLEBLOBTHFENBATEDSIL I
BEMEFNEZEEEL | WECSEMMbLELT V=
JREVa—nE L THRoE, &9 REEDDH DBERT,
WRISERITY AT AOBREIZOVTHRET S,

2. EBRFEAEY2—N

(1) ERFBEIXED1—-ILOFH

R ITORE. T0BRLERZDIIEHFERRLOE
BABRRTH D, BAIROEERDZDICZOERS

—123—



HEIF~OA 7Y =7 MEEHHOBRAICET 5 1. 20EH

Kiype Equation solutionmethod Abstract

s SolutionMethod

salve EffectiveX : Matrix*

EffectiveR : Vector®

Make EffectiveK
Make EffoctiveR
EquationOfMotion l
salve [ . 1
Nonlinearity SolutonMethod > dynamicType Dy icType
Kmatrix . Matrix
Make Stifiness Matrix sohe
T %
I\ [ ] ] oo
/ \ LinearSolutonMethod NonlinearSolutonMethod Methad Meothod
A psifonE : double coef: double*
Hysteresis \ energyRatio : double DettaT : double
iter : int
\ cakEnergyRatio
Structure
NewmarkBeta e

NewtonRaphson

-1 Class Diagram of Equation
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-2 Dynamic Model of Equation

SolutionMethod & L TIMSI{bL 7= Z & T, B2 2iriE%:
BWTHARE R B3ITHEL T Equation X2 RILEKBE &
ZTENTES, THICE VI RBITEEZEALTY,
Equation I/ EB%E 5.2 3 2 L1372 < RSFHEIZEAT
VAT LERBETAIENTED, B-3ITIXEBBE K
DEBEOTF—FOFHNERLUBEETNVERT, I
13 Equation 238-0%175% AV T SolutionMethod »K,R
ERRL . B2 RODTIh% Nonlinearity ~ZFETZE
THMEDOEFEITI L ERLTWD,

(3) @A

O RHENLERFBRBRE 21 %24 TV b
HEMEBETHD CH+EB VLV EREL, ATV V=7
M BHEEE L LTS SmallTalk 22 8 BB L TH B,
BAEIE LAY D OS LTBEFRETH Y. FORTRANR C
FELVoEEREAVLNTWAEREE OF MRS
WZEhb CH+EBERATHEICLE,

YERRL 728 2 — AV OERFIZR-4CT T, Thi RT
5L, BB LHREEBE LML RO ZRBUIL<A
LTHBEZLNANY ., HITOEEREDOE EREITBW
TERINTWAZ N5,

3. WMEBED1—-ILOER

(1) HBEES21—LOES
WEBBIIMEEZEDOTF—FOESTHY, ZHITHIC
Fe B A LT THoT AT V27 bR T T EIIHL
Tix. BROSPND EZAhbLRRY, L LKL,
THELESFICRBWTIRZIO M8 2hld LTHRAR
AT ERITOR TV 2 ehd HBEA T V=7 2R
RTEFHETH DI EHRB,

TARIBH Y 27 LIWXE Vol.5

Aty
R traty)
teatl

1996

t+aty

Equation <@————+a1]

K F KM @
C.F

R

teatl

] > SolutionMethod ———

Nonlinearity
[ 1

energy
ratio

calculate
displace incremen

i

AU

Y

t+aty(i+1)
calculate data teat)i+1)
at iteration(i+1) ot
+. r

-8 Functional Model of Equation

/* example program of Equation Object */
#include <fstream.h>
#include "equation.h"

void main() {
Equation. *eq;
/. ..... omission ..... */
/* set up for Linear Problem #/
‘eq = new -Equation(new HLHyst(new HysLinear(2.0)
,new LinearSolutionMethod
,new StaticSolutionMethod);

/‘ .............. ‘/
eq->solve(); /% solve linear equation */
J% ceeeresnesenas ./
" /% set up for Nonlinear Problem #*/
eq = new Equation(new HLHyst(new HysBilinear(2.0)
,new NewtonRaphson .
,new StaticSolutionMethod);
/. .............. ‘/
eq->solve(); /* solve nonlinear equation %/
}

-4 Example program of Equation Object in C++
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-5 Overview of Class Diagram of Earthquake
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/+ example program of Earthquake Object */
#include <fstream.h>
#include "earthq.h"

void main() {
Earthquake earthq;
earthq.setOneDirLoadDataWithTime (NS,
"kobe_ns.data");

/* calculate linear response spectra */
earthq.calcResponseSpectra(NS, "response.data"
, 0.05);
/* calculate nonlinear response spectra
using BILINEAR model #*/
earthq.calclonlinearResponseSpectra
(new HMBilinear(0.1,196.0), EHS,
"response2.data", 0.06);
/* calculate nonlinear response spectra
using TAKEDA model */
earthq.calclonlinearResponseSpectra
(new EMTakeda(0.5, 40.0, 0.1,196.0), §S,
“response3.data", 0.05);
}

E-6 Example program of Earthquake Object in C++
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-8 Dynamic Model Image of Structural Analisys System
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-9 Class Diagram of Structure Shape Module
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B-138 Class Diagram of Response Analysis Module
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/* test program for Dynamic Analysis Problem #/
#include <fstream.h>

#include “structure.h"

#include "r_analysis.h"

void main() { :
Structure *structure = new Structure(l);
structure->construct("struct.data");
structure->showStructureData(cout);

structure->plotHodeShape()

Earthquake *load
load = new Earthquake(1, "kobejma.data");
load->showInfo(cout);

ResponsedAnalysis problem;
problem = structure->applied(load);

RAPrototypeFactory factory(new NLGeometric

,new NewtonRaphson

,new NewmarkBeta(0.25));
problem.setAnalysisType (factory);
problem.setDirection(NS, UD);

problem.analyze();

}

f-15 Test program of Earthquake Response Analysis
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