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Y=ARCOS!-1 . /AAl 

C=<AA/3 • 1416)*((1 . -Bl*(X+Y-STN<2 e*Xli2 . -STN<? . *Yll2 . -1 . 5708)+ 

18*3 . 1416) 

S=-(1 . -BJ*COS ( X)/1 . 5708 

30 E=2 • *(2 . *GAMA**2-C/AAl 

F=-4 e*GAMA*(S/AAJ 

G=<CIAAl**2+(S/AAl**2-<RR/AAl**2 

40 FW1=W1**4+E*W1*Wl+F*W1+G 

DW1=4 e*W1**3+2 . *E*W1+F 

Z1=W1-FW1/DW1 

IF<ABS<FW1l . LE . 1 . E-06lGO TO 50 

N=N+1 

IF<N . GE . 60JGO TO 60 

W1=Zl 

GO TO 40 

50 WRITE ( 6 , 5lAA,Z1 , FW1 

5 FORMAT<4X , 2HA= • F13 . 8 • 4X • 3H W= • F13 e 8 • 4X t 4H FW= • F13 . 8/) 

Wl=Z1 

60 FW2=W2**4+E*W2*W2+F*W2+G 

DW2=4 • *W2**3+2 e *E*W2+F 

Z2=W2-FW2/DW2 

IF <ABS<FW2l . LE . l . E-06lGO TO 70 

M=M+l 

IF(M . GE . 60JGO TO 8 

W2=Z2 

GO TO 60 



70 WRITE(6 , 6lZ2 t FW2 

6 FORMAT(23X , 3H W= , Fl3 . 8 , 4X , 4H FW= t F13 . 8/l 

80 AA=AA+0 . 2 

IF(AA . GT . 5 . 0lGO TO 8 

GO TO 9 

8 CONTINUE 

100 STOP 

$FNTRY 

$IBSYS 

END 
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$JOB 

$!BJOB 

$IBFTC 

003 715 SAHAY 

NODECK 

100 01 0 030 

C DETERMINATION OF THE LOCI OF VER TICAL TANGENCY OF SINGLE DEGREE 

C OF FREEDOM DOUBLE BILINEAR HYSTERETIC SYSTEM . X1=PSI1,X2=PSI2•WPSQ 

C =SQUARE OF THE FREQUENCY AT THE PEAK AMPLITUDE RESPONSE,WVAtWVB 

C ARE THE FREQUENCIES AT WHICH CONSTANT AMPLITUDE LINES CUT TH E 

C LOCI OF VERTICAL TANGENCY . 

ALFA=0 . 414 

A=l a2 

10 Xl=ARCOS<<A-1 . l/Al 

X2=ARCOS<-1 . 1Al 

C=A*((l . -ALFAl*(X1+X2-SIN<2 a*Xl)/2 e-SIN(2 •*X2ll2.-1 . 57l+ALFA*3.14l 

U/3 .14 

WPSQ=C/A 

ZA=WPSQ-!t . -ALFAl*<SIN<X1l+SIN<X2ll/!3 e14*Al 

ZB=<l . -ALFAl* ( <z . -<SIN(Xll-SIN<X2l l**2l**O a5l/(3 . 14*Al 

WVA=(ZA-ZBl** 0 • 5 

WVB=<ZA+ZBl**O e5 

WRITE!6t1lA•WVA,WVB 

1 FORMAT<3E2 0 .9/l 

IF!A . GT . 6.)G0 TO 20 

A=A+0 . 2 

GO TO 10 



20 STOP 

END 

$ENTRY 

$l8SYS 

9 7 



$JOB 

SIBJOB 

SIBFTC FITS 

00 3715 SAHAY 

MAP , NODECK 

100 010 030 

C RUNGE-KUTTA SOLUTION TO THE DIFFERENTIAL EQUATION FOR SINGLE 

C DEGREE OF FREEDOM DOUBLE BILINEAR HYSTERETIC SYSTEM 

C F IS THE AUXILLIARY SUBROUTINE IN WHICH THE EQUATIONS ARE DEFIN ED . 

C YI IS AN ARRAY IN WHICH THE INITIAL VALUES ARE GIVEN . Y IS AN AR RAY 

C IN WHICH THE STORED VALUES ARE RETURNED . R=A MPLITUDE OF EXTERN AL 

C EXCITATION . W=FREQUENCY OF EXCITATION . AL=ALFA . XMX1 IS THE MAXI MUM 

C AMPLITUDE IN THE POSITIVE QUADRANT OF THE FORCE-DISPLACEMENT CUR VE 

C XMX2 IS THE MAXIMUM ABSOLUTE AMPLITUDE IN THE NEGATIV E QUADR AN T. 

C H:STEP LENGTH . N3 IS THE NUMBER OF INTEGRATION STEPS BET WEE N EAC H 

C EACH STORED VALUE . 

EXTERNAL F 

DIMENSION YI(3) , Y{3 , 3000) 

COMMON R, W, AL t XMX1 t XMX2 

R=0 . 3 

W=l . 10 

AL=0 . 7 

XMXl=O • 

XMX2=0 . 0 

READ(5d)YI 

H=0 . 0025 

N3=4 

C THREE FIRST ORDER EQUATIONS(REALLY ONE SECOND ORDER) 



CAL L RKG!F,Yt3t3000,N3,YitHl 

DO 10 I=1d000 

10 WRITE!6,2J(Y!Kt!ltK=1•3l 

CALL EXIT 

1 FORMAT(3F1 0 .4) 

2 FORMAT(3F2 0 . 9) 

END 

$IBFTC FUNC1 

SUBROUTINE F!YYtYKl 

99 

C YK IS THE ARRAY OF DERIVATIVES AND YY THE ARRAY OF FUNCTIONS 

C DEFINED BY THE DIFFERENTIAL EQUATIONS . 

DIMENSION YY(3ltYK!3) 

COMMON R,W,ALtXMX1tXMX2 

C THIS IS THE EQUATION FOR THE INDEPENDENT VARIABLEtiNITIALLY O. 

YK(l>=l • 

YK(2J=YY(3J 

IF<YYl2l . LE . O. lXMXl= O. OO 

IF(YY(2l . GE.O . IXMX2=0 . 00 

IF<YY<zJ . GE . O •• AND . YY!3J . GE . O •• AND . YY(?J . LE • l • lYK(3l=-YY(2l+ 

lR*COS(W*YY(lJl 

IF<YY(2l eGE . O •• AND . YY(3l · LE . O •• AND . YY<zJ . LE • l • •AND . XMXleLE.Oe) 

1YK(3)=-YY(2J+R*COS(W*YY(lll 

IF(YY!zJ . LE . O • • AND . YY!3l . LE . O •• AND . ABS<YY(2ll . LE • l•l 

1YK<3J=-YY(2J+R*COS(W*YY(ll l 



100 

llYK(3)=-YY(2J+R*COS(W*YY(lll 

JF(YY!zl . GE . l •• AND . YY(3l . GE . O. lYK(1l=-AL*YY(2)-(l . -ALl+ R*COS( W* 

lYY(l)) 

IFCYY(2l . GE e l e• AN D. YY!3l . GE . O. lXMXl=YY(2l 

1(1 . -ALl*!XMXl-l . l+R*COS(W*YY!lll 

IFCYY(2l eGE. O •• AND . YY!3l . LE . O •• AND . YY(2l eLE . (XMXl-l • l . AND. XMXl• 

I GT . l . lYK(3l=-AL*YY(2l+R*COSCW*YYCll l 

l YKC3 l=-AL*YYC2l+(l . -ALl+R*COSC W*YYCll) 

IFCA BS!YY<2l l . GE • l •• AND . YY ( 3l . LE . O •• AN D. YY(2) . LT . O. )X MX2=A BS (YY! 2 l 

ll 

IFCYY(2l . LE . O •• AND . YY(3l . GE . O •• AND . XMX? . GE . l . l 

lYK(3)=-YY(2)-(l . -ALl*(XMX2-l . l+R*COS(W*YY(ll l 

IFCYYCzl . LE . O •• AN D. YY(3l • GE. O •• AND . ABSCYY(2ll . LE . (X MX2-l • l • 

RETURN 

END 

$ ENTRY 

o. oo o. oo 

SIBSYS 

o. oo 

MILLS MEMORIAL LIBRARY 
McMASTER UNIVERSITY 



$JOB 

$EXECUTE 

003715 SAHAY 

MIMIC 

100 

101 

010 030 

C DIGITAL ANALOGUE SOLUTION FOR ONE DEGREE OF FREEDOM DOUBLE 

C BILINEAR HYSTERETIC SYSTEM . XMX1 , XMX2ARE MAXIMUM VALUES OF X 

C FOR MASS M IN POSITIVE AND NEGATIVE QUADRANTS RESPECTIVELY 

Al 

A3 

A2 

COYl 

DTMIN 

DTMAX 

Y1 

Y2 

Y3 

A1 

y 

PQ 

A3 

y 

CON(W,R , DT,ALFAJ 

CON(Q , p , F , Gl 

EQL(O . Oll 

EQL(DTMINJ 

FSW(X,FALSE , TRUE , TRUEJ 

FSW!DX1,FALSE,TRUE,TRUEJ 

FSW( (ABS(XJ-l • l , TRUE t FALSE t FALSEJ 

AND(YltY2,Y3l 

EQL( X l 

FSW(XMXl,TRUE,TRUE,FALSEJ 

AND(Y1tCOM(Y2J , Y3 , PQl 

EQL(Xl 

A2 AND(Y1 , Y2 , COM(Y3Jl 

y 

XMX1 

EQL(ALFA*X+l . -ALFAJ 

TAS(X t A2 , FJ 

COY1 COM(Yl) 

XMXl 

X~1 EQL(XMXl-1 e l 

Y4 FSW((X-XMlJ,FALSE , TRUE , TRUfJ 
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A4 AND(YltCOM(Y2l t Y4,COM(PQl l 

A4 y EQL(X-(1 . -ALFA)*XMll 

A5 AND(Yl,COM(Y2J , C0M(Y4l l 

A5 y EQL(ALFA*Xl 

A6 AND(C0M(Yll t COM(Y2ltY3l 

A6 y EQL(Xl 

All AND(C0M(Yll t Y2 t Y3 t RSl 

All y EQL(Xl 

A7 AND(C0M(Yll t C0M(Y2ltCOM(Y3ll 

A7 y EQL(ALFA*X-l e+ALFAl 

XMX2 TAS(X,A7tGl 

Yl XMX2 EQL(O . OOl 

XM2 EQL(ABS(XMX2l-l e l 

Y5 FSW((ABS(Xl-XM2l , FALSE t TRUEtTRUEl 

RS FSW(ABS(XMX2J,TRUEtTRUE , FALSEl 

A9 AND(C0M(Yll t Y2 t Y5 t COMCRSll 

A9 y EQL(X+(l . -ALFAl*XM2l 

AlO AND(C0M(YlltY2tCOM(Y5ll 

AlO y EQL(ALFA*Xl 

c DXltDX2 ARE THE FIRST AND SECOND DIFFERENTIALS WITH RESPECT To 

c TIME OF THE DISPLACEMENT OF MASS M 

DX2 ADD(-Y,YZ t R*COS(W*Tl l 

DXl INT(DX2 t P) 

X lNT!DXl,Q) 

FINCT t 75 . 0) 



1 . 10 

o. oo 

$l8SYS 

0 . 30 

o. oo 

HDRCT,X,DX1,Y,XMX1,XMX2) 

HDR 

OUTCT,X,DX1,Y,XMX1,XMX2) 

END 

o. o1 

o. oo 

0 .7 0 

o. oo 
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$JOB 

$lBJOB 

$lBFTC 

00 3715 SAHAY 

NODECK 

100 

104 

010 030 

C GRADIENT METHOD APPL I ED FOR THE ITERA TION OF STEADY STATE EQUATI ON 

C OF TWO DEGREE OF FREEDOM DOUBLE BI LINEAR HYSTERE TIC SYSTEM , SOLUTIOI 

C OBTAINED BY KeAND B. METHOD . 

C A(ll t AC2l ARE THE AMPLI TUDES OF THE MASSES Ml AND M2 . W=FREQUENCY 

C Xl=PSil(ll , Yl=PS!2 ( 1) , X2 =PS I 1 C2 lt Y2=PSI2C2l • ALFA=0 • 7 • 

C Z1 , Z2=PHASE ANGLES FOR THE MASSES Ml , M2 RESPECTIVELY . 

10 

11 

20 

DIMENSION AC2l t YC2l 

C0MMON w, wz , W4 

COMMON C1 , C2,Sl , S2 

EXTERNAL FUNC 

READ ( 5 d l A 

W=l . 50 

GO TO 11 

W=W+0 . 05 

IFCW . GT . 2 . 5lGO TO 5 

W2=W**2 

W4=W**4 

WRITE(6,2)A , w 

H=O . l 

I=l 

VL=100000 . 

CALL GRADCFUNC ' 2 ' A' H' lO , v , Yl 



WRITE(6,3lltAtVtY 

IF<I . GT e30 . 0R . V. GT ee 99* VL . OR . V. LT . l . E-81 GO TO 12 

I=I+1 

VL=V 

GO TO 20 

12 SZ2=<-2 e*C1*S2+Sl*<-W2*A(2)+2 . *C2ll/(Cl*Cl+Sl*Sll 

CZ2=( 2 e*S1*S2+C1*(-W2*A(2l+2 . *C2ll/(Cl*C1+S1*S1l 

R=0 . 5 

SZ1=<C2*SZ2+S2*CZ2-S1l/R 

Z1=ARSINCSZ1l 

Z2=ARSINCSZ2) 

WRITE<6•4)Z1tZ2 

GO TO 10 

1 FORMAT(2F10 e4l 

2 FORMATC1H0t29X t 3F20 . 9/l 

3 FORMAT(20Xti10 t 2F20 e9/5X t 3E20 . 9//l 

4 FORMATC2F20 . 9/l 

5 END 

FUNCTION FUNCCA t Y) 

DIMENSION A(2J,Y(2) 

COMMON w,wz,w4 

COMMON C1,C2tS1tS2 

IF <A(1)-1 e l30t30t40 

30 C1=AC ll 

51=0 . 

105 



GO TO 5 0 

4 0 Xl=ARCOS<<A<ll-l e l/A(l)) 

Yl=ARCOS <-1./A(lll 

Cl=(A(ll/3 . 14l*(0 . 300*<X1+Yl-SIN<2 e*Xl)I2 .-SIN<2•*Y1l/ 2 e-le57) 

1+2 . 198) 

S1=-0 . 191 0*COSCX1l 

50 IF(A(2J-1.l6 0 t6 0 ,70 

60 C2=A<2J 

52= 0 . 

GO TO 80 

7 0 X2=ARCOS((A(2l-l .l/A<2l) 

Y2=ARCOS(-1 . /A(2ll 

C2=(A(2l/3 e l4l*< • 300*<X2+Y2-SIN<2 • *X2li2 .-SIN<2 • *Y2ll2.-] . 57l+ 2 • 2l 

S2=- 0 . 191 0*COSCX2l 

80 Y(1)=<-W2*A<ll+C112 .l **2+(-W2*A(2)+2 e*C2l*(W4*A<ll*A(?l*C1/(C1*Cl 

l+Sl*Sll-W2*A(2l/2 el+ 2 . *Sl*S2*A<1l*A<2l*W4/(C1*C1+S1*Sll+W4*A( 2 l **2 

2/4 .+Sl*Sli4 .-0 . 25 

$ENTRY 

0 .1 810 

$l8SYS 

Y(2l=(-W2*A(2l+2 e*C2l**2-Cl*Cl-S1*Sl +4 e*S2*S2 

FUNC=Y<1l**2+Y<2l**2 

RETURN 

END 

0 .7270 
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$JOB 003715 SAHAY 100 030 

$EXECUTE MIMIC 

C DIGITAL ANALOGUF SOLUTION FOR TWO DEGREE OF FREEDOM DOUBLE 

C BILINEAR HYSTERETIC SYSTEM .XMX1 ,X MX2 ARE MAXIMU M VALUES OF Xl 

C FOR MASS Ml IN POSITIVE AND NEGATIVE QUADRANTS . ZMXl,ZMX2 ARE 

C MAXIMUM VALUES OF X2 FOR MASS M2 IN IN POSITIVE AND 

C NEGATIVE QUADRANTS OF DISPLACE~ENT RESTORING FORCE CHARACTERISTI CS 

A1 

A3 

A2 

COYl 

DTMIN 

DTMAX 

Y1 

Y2 

Y3 

Al 

y 

PQ 

A3 

y 

A2 

y 

CON!WtR,DT,ALFAl 

CON!QtP,FtGl 

EQL!O .Oll 

EQL!DTMIN> 

FSW!XtFALSE,TRUE,TRUE> 

FSW!DXltFALSE ,TR UE,TRUEl 

FSW!!ABS!X>-l•ltTRUE,FALSEtFALSEl 

AND!Yl tY2,Y 3l 

EQL(Xl 

FSW!XMX1,TRUE,TRUEtFALSE> 

AND!Y1tCOM!Y2ltY3tPQ) 

EQL(Xl 

AND!Yl tY2tCOM!Y3ll 

EQL(ALFA*X+l .-ALF Al 

XMXl TAS!XtA2tFl 

COYl COM!Yll 

XMX1 

XMl EQL(XMX1-1 .) 

Y4 FSW!!X-XMlltFALSE,TRUE,TRUE) 
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A4 ANDCYltCOMCY2l tY4tCO MCPQl l 

A4 y EQL(X-<1 .-ALF Al*XMll 

A5 AND(YltCOM<Y2ltCO~<Y4l) 

A5 y EOL<ALFA*Xl 

A6 AND<COM<YlltCOM<Y2ltY3l 

A6 y EQL<Xl 

All AND<COMCYll tY2,Y3,RSl 

All y EOLCXl 

A7 ANDCCOMCYlltCOMCY2ltCOM(Y3ll 

A7 y EOL<ALFA*X-l.+ALFAl 

XMX2 TASCXtA7tGl 

Yl XMX2 EQL(O .OOl 

XM2 EQLCABSCXMX2l-l .l 

Y5 FSW<<ABSCXl-XM2J,FALSE,TRUEtTRUEl 

RS FSWCABSCXMX2J,TRUE,TRUEtFALSEl 

A9 ANDCCOM(Yll,Y2,Y5,(0M(RSll 

A9 y EQL(X+(l.-ALFAl*XM2l 

AlO AND<COMCYlltY2,COM<Y5ll 

AlO y EQL!ALFA*Xl 

YAl FSWCZ,FALSEtTRUE,TRUEl 

YA2 FSWCDZltFALSE,TRUE,TRUEl 

YA3 FSWC CABS<Zl-l•ltTRUE,FALSE,FALSEl 

AZl ANDCYAltYA2,YA3l 



l()Cl 

All YZ EQL(Zl 

PZQ FSWCZMX1,TRUE,TRUE,FALSEl 

AZ3 ANDCYAl,COMCYA2l,YA3,PZQl 

AZ3 YZ EQL(Z) 

AZ2 ANDCYAl,YA2,COMCYA3l l 

AZ2 YZ EQLCALFA*Z+l .-ALFAl 

ZMXl TASCZ,AZ2,F 

CYAl COM ( YA l l 

CYAl ZMXl EQL( 0 . 00) 

ZMl EQLCZMXl-1 .) 

YA4 FSWCCZ-ZM1l , FALSE , TRUE ,T RUEl 

AZ4 A DCYA1,COMCYA2l • YA4 , COMCPZQll 

AZ4 yz EQLCZ-(1 . -ALFAl*ZMll 

AZ5 ANDCYA1,COMCYA2l , COMCYA4ll 

AZ5 YZ EQL(ALFA*Zl 

AZ6 ANDCCOMCYAll , COMCYA2l ,YA3l 

AZ6 YZ EQLCZl 

AZll ANDCCOMCYA1l , YA2,YA3 , RZSl 

AZ11 YZ EQLCZl 

AZ7 ANDCCOMCYAll , COM(YA2l,COMCYA3ll 

AZ7 yz EQL(ALFA*Z-l . +ALFAl 

ZMX2 TASCZ , AZ7 , G 

YAl ZMX2 EQLCO . OO) 

ZM2 EQLCABSCZMX2)-l .l 

YA5 FSWCCABSCZl-ZM2l , FALSE , TRUE ,T RUEl 

RZS FSWCABSCZMX2l,TRUE,TRUE , FALSEl 



AZ9 

AZ10 

AZ9 

yz 

AZlO 

yz 

AND(COM(YAll,YA2 , YA5,COM(RZSl l 

EQL(Z+(l . -ALFAl*ZM2l 

AND(C0M(YA1J,YA2 , COM(YA5l l 

EQL(ALFA*Zl 

lHl 

C X AND Z ARE FOR Xl AND X2(IN THE TEXTltDXIDZl AND DX2tDZ2 ARE 

C FIRST AND SECOND DIFFERENTIALS W. R. T. TIME 

o. aoo 

o. oo 

$IBSYS 

DX2 ADD(-y,yz , R*COS(W*Tl l 

DXl INT(DX2tPl 

X INT(DXl,Ql 

DZ2 ADD(Y,-2 . *YZl 

DZl INT(DZ2tPl 

Z INT<DZl , Ql 

o. soo 

o. oo 

FIN<Tt75 . 0) 

HDR<T , X, QXltZ,DZll 

HDR 

OUT(T,X , DXl,Z , DZll 

END 

0 . 0100 

o. oo 

0 . 700 

o. oo 



$JOB 

$lBJOB 

$lBFTC 

00 3715 SAHAY 

NODECK 

100 

C 842 POINT FOURIER ANAL YSIS MASS Ml t M2 

111 

010 030 

C ARRAY A CONTAINS THE VALUES OF THE DISPLACEMENTS OF THE SYSTEM 

C AT TIME INTERVALS 0 . 01 AS OBTAINED FROM THE MIMIC SOLUTION 

C NEAR THE STEADY STATE 

DIMENSION A(842l t B(842l 

C ARRAYS C AND S ARE FOURIER COEFFICIENTS (COSINE AND SINE TERMS) 

DIMENSION C(l0) t S(l0l 

N=842 

READ(5 , 1)A 

1 FORMAT(8F1 0 . 6l 

DO 10 0 I=ltN 

100 B(Il=A(Il 

ZN=N 

AAVG=O . o 

DO 10 I=1 t N 

10 AAVG=AAVG+B<Il 

SAVG=AAVG/ZN 

WRITE(6 t 2lSAVG 

2 FORMAT(/9H C( Ol = t El4 . 8l 

DO 20 J=1 t 10 

ZJ=J 

SSUM=O . O 



CSWv1=0.0 

AL(Jl=6.2831853*ZJ/ZN 

BT=Z.O/ZN 

DO 30 I=l•N 

Al=I-1 

CSUM=CSUM+COS(AL(Jl*All*BT*B(l) 

SSUM=SSUM+SIN(AL(Jl*All*BT*B(ll 

30 CONTINUE 

C!Jl=CSUM 

S!Jl=SSUM 

V2=CSUM*CSUM+SSUM*SSUM 

Vl=SQRT(V2l 

ANG=ATAN2(CSUM.SSUM) 

ANG=ANG*57.29578 

WRITE(6•5lJ,C(J),J,S(Jl tJtVltJ•ANG 

5 FORMATI3H C( •l2•4Hl = tE14.8t8H 

b4Hl = tEl4•8•5Xt4HANGI tl2,4Hl = tF9.4•4HDEGSl 

20 CONTINUE 

STOP 

END 

$ENTRY 

112 
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113 

NOR~lALl ZATION OF DOUBLE- BI Ll ~EAR !I YSTF.l ~ F.TI C SYSTHI 

r :: 
n 

K = 
1 

= 

m = 

y = 
m 

y = 

"[ = 

yield f orce (in lbs.) 

spring stiff ness befo re th e break of f poin t 
(segment OJ\ ) as shown in Figure (10) (in l bs ./in.) 

spring stiffness after the break off 
(segme nt J\ 13 ), (in lhs./in.) 

2 
f h ( . 1 bs. x s ec 

mass o t e syst em 1n in 

point 

) 

maximum amp li t ude unde r st eady state condition 
(in inches). 

actua l di spl acement of th e s yst em (in inches ) 

ti me (in seconds ) 

P(<) = external force of exci t ation (in 1bs.) 

With r e ference to Figure (1 9) we can s ee t hat there will -

he ei ght diffe r ent equations of mo tion along th e ei gh t s egmen t s of 

the restoring force curve. Here we sha ll take t wo typica l 

segments, and try to normalize th e corresponding equations of motion. 

The equation of motion alon g the segment nc may be wr i tt en 

as: 

d2 
~~)( K lfYm f m ____L + K y + (s gn - Fn) (Kl- K2)/ Kl = p (T) • . . (A) 

d/ 1 

The equation of moti on along t he s egment AB may be 1vri tt en as: 

( B) 



F 

e 

FIGURE 19 

UN-NORl'viALI ZED DOUBLE Bl LINEAR HYSTERETIC l'v10DEL 

( F = Restoring Force, y = displacement) 

F 

FIGURE 20 

Representing the hysteretic curve in some real 
structures. Note the "pinching together near the 
origin". A similar figure was ?hown by 1'1. D. !wan 
[1] at the Winter Annual Meeting, Chicago, 
(Nov. 7-11, 1965) of the A.S.M.E. 

113a 



If we substitute the following quantities for normalization: 

Kl 
X=- y 

F 
n 

t§T 
p (t) = fl0_ 

F 
n 

K 
.. 2 

a = 
~ 

(C) 

Then the equations (B) and (A) may be reduced to the form: 

and 

ax + (sgn dx) (1-a) = p (t) 
dt 

d2x d 
-- + x + (sgn dxt) (1-a) (lxi'Tll-1) = p(t) 
dt

2 

(D) 

(E) 

Here p (t) is the normalized cxtemal trigonometric excitation, 

given hy: 

p(t) = R Cos wt (F) 

11.'1 

Thus the equation of motion along any segment may be normalized by 

using the substitutions (C). 

Equations (D) or (E) may also be written in general as: 

(G) 
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where f(x,x) designates the segment on the normalized 

hysteretic curve. 

NOR!viALIZATION OF TWO DEGREE OF FREEDOM SYSTHI 

Let 

AK
1

, AK2 = spring stiffness corresponding to mas ~1 1 

BK1 , BK2 = spring stiffness corresponding to mass M2 

yl = displacement of mass ~I 1 

y2 = displacement of mass M2 

[measured in a similar manner as x
1 

and x
2 

in Figure (9)] 

= maximum displacement of mass H
1 

= maximum displacement of mass M2 

[on the un-normalized curve Figure (19)] 

Now, let us suppose that the restoring force characteristics for 

the masses ~1 1 and ~12 are similar [Figure (19)] but not the same. Thus 

let, at a particular moment, mass H
1 

execute its motion -along BC, 

while mass ~12 has its motion along AB. 

Then the equations of motion are given by: 

1 

LA ",, A.\<. ._. .... ,, J't~ + I Jl 1- (s':J" ~') (Al{,j 'jm1\- Fn,) (AK,-A.K2)/A\(.1 
~'t" 

- BK.2 'J2.- (s'3n ~~) Fn2. (Bl(,-BK2)fs·K1 = p("t). -·~tt 
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A d . h 1 '1 'I A kt - e, K,z - _, ( . ccor 1ng to t e postu ate L' 
1 

=_ ,,. 2 , - - - -""' s1nce A\{' &\Z, 

the -hysteretic curves are supposed to be similar for the 

simplicity of the analysis). 

Substituting the following quantities: 

x, AK, 
'1, = 

~'1'\J 

""'2. :;; 
Bl<, 

"'j2. -Fl'\2 {J) - - ~ 

i = ~ L' = ~'t M, M2. 

~(t) 
~('"C) 

F"'' 

the equations (H) and (G) may be reduced to the form: 

;, -\- x, -t ( 5~ t'\ ~~') ( \- oC) Q Xm,\- \) - <X X~ 

-(s~n~)(\-ot) \=>(t) t\0 



117 

.. 
'X2. + 2~ ~2. -t 2 (s~"" ~l(z)t 1 _cl..) 

~t ' 

- x,- (s':l" :~•)(1~(\x..,,\-\)=o - - (L) 

In a general manner, these last two equations may also be 

written as: 

·lM) 
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