C Program Name : HARBOR.FOR

C

C ***** THE OSCILLATION OF CONSTANT DEPTH & ARBITRARY SHAPE HARBOUR  *****
C ***** BY BOUNDARY ELEMENT METHOD WITH VARY REFLECTING FACTOR

—

O e e L e PROGRAM MODIFIED ON 1989,9 iokaiudeiel

Cr***** 2008/01/13 1’5139@2% fﬁj%ﬁ’ (&

PARAMETER(n11=10 ,n12=20,n13=10,n1=n11+n12+n13,n1x=n1+1)
PARAMETER(n21=n12,n22=80 ,N2=n21+n22 N2x=n2+1)
PARAMETER(M=N1+N22)

REAL X1(N1),Y1(N1),XN1(N1),YNL(N1),S1(NL),XX1(N1X),YYL(N1X)
REAL X2(N2),Y2(N2),XN2(N2),YN2(N2),52(N2),XX2(N2X),YY2(N2X)
REAL GB(M,M),G(M,M)

REAL KR1(N1),AFA1(N1),KR2(N2),AFA2(N2),KH

COMPLEX HB(M,M),H(M,M),C(M)
COMPLEX FO(N1),FOB(N1),F1(N1),F1B(N1),F2(N2),F2B(N2)
COMPLEX FA(M),FB(M)
COMPLEX HT,IM,R
O —— Rk OPEN SEQUENCIAL FILE Rk

OPEN(2,FILE='OUT.DAT',FORM=FORMATTED',STATUS='0OLD)
OPEN(3,FILE='OU2.DAT' FORM="FORMATTED',STATUS="0OLD)
OPEN(4,FILE='04.APT' ,FORM="UNFORMATTED',STATUS="UNKNOWN")
OPEN(5,FILE='05.APT,FORM="UNFORMATTED',STATUS='UNKNOWN')
OPEN(6,FILE='KH.DAT',FORM="FORMATTED',STATUS='"OLD")
OPEN(8,FILE='08.APT' ,FORM="UNFORMATTED',STATUS="UNKNOWN")
OPEN(10,FILE="10.APT',FORM="UNFORMATTED',STATUS="UNKNOWN')
OPEN(11,FILE="11.APT,FORM="UNFORMATTED',STATUS="UNKNOWN)

(S
IM=(0.,1.)
PAI=3.1415927
g=9.81
O —— e S

i
WRITE(*,*) i 2 flal ="
READ(6,*) NCASE



989

987

READ(6,*) DEPTH

READ(6,989) (XX1(1),YYZ1(1),I=1,N1X) Iyt 9t EL it
READ(6,989) (XX2(1),YY2(1),I=1,N2X) Ry [ RS
FORMAT(2F10.4)

READ(6,987) (kri(i),|=1,N1) 1 Hk[ 1~ F45 0
READ(6,987) (kr2(i),1=1,N2)
FORMAT(F10:4)

CALL COOR_HANKEL(N1,X1,Y1,S1,XN1,YN1,XX1,YY1,N1,N1X)
CALL COOR_HANKEL(N2,X2,Y2,S2,XN2,YN2,XX2,YY2,N2,N2X)

DO 1001 1JK=1,NCASE
READ(6,*) 101
OI=I0I*PAI/180.
READ(6,*) T

shg=4*pai*pai/t**2/g*depth
CALL shg_kh(shg,kh)

................................. I A el i

doi=1,n1
AFAL(l)=im*kh*sqrt(1-krl(i)**2)
end do

doi=1,n2
AFA2(l)=im*kh*sqrt(1-kr2(i)**2)
end do

CALL INCIDENT(FO,FOB;X1,Y1,XN1,YN1,N1,0l,KH)
CALL G2.HANKEL (GB,GM,N1,X1,Y1,S1,XN1,YNL KH,H,HB) !/{ y&i
REWIND 10

WRITE(10) ((H(1,9),J=1,N1),1=1,N1)
ENDFILE (UNIT=10)



CALL G2_HANKEL(GB,GM,N2,X2,Y2,S2,XN2,YN1,KH,H,HB) I* |3

REWIND 11
WRITE(11) ((H(1,9),J=1,N2),1=1,N2)
ENDFILE (UNIT=11)

T S

DO 1=1,M 1555
DO J=1,M

HB(1,J)=0

END DO

END DO

\
e
=il

REWIND 10
READ(10) ((H(1,9),J=1,N1),1=1,N1)

DO I=1,N1

DO J=1,N11
HB(1,J)=H(1,J)*AFA1(J)
IF(1.EQ.J) HB(1,J)=HB(1,J)-1
END DO

DO J=1,N12
10=3+N11
HB(1,J3)=H(1,3J)
END DO

DO J=1,N13

JI=J+N11+N12
HB(1,39)=H(1,J0)*AFAL(JJ)
IF(LEQ:JJ) HB(1,J9)=HB(1,J))-1
END DO

END DO

DO I=1,N1
RS=0



DO J=1,N11
RS=RS+H(l,J)*(FOB(J)-AFA1(J)*FO0(J))
END DO

DO J=1,N13

JJ=J+N11+N12
RS=RS+H(I,J0)*(FOB(JJ)-AFAL1(JJ)*FO(JJ))
END DO

FA(D=RS

END DO

REWIND 11
READ(11) ((H(1,J),J=1,N2),1=1,N2)

DO 1=1,N12
l=1+N11

DO J=1,N12

1J=J+N11
HB(11,J3)=HB(11,J3)-H(1,J)
END DO

END DO

DO 1=1,N22
l=1+N1

DO J=1,N21
10=3+N11
HB(11,43)=H(I1,9)
END DO

END DO

DO I=1,N12

[=1+N11

DO J=1,N22

JJ=J+N1

JJJ=J+N21
HB(I1,J3)=-AFA2(JJJ)*H(1,JJJ)
END DO

END DO

1S1~S3



DO 1=1,N22
l=1+N1

=1+N21

DO J=1;N22

2=1+N1

31J=J+N21
HB(11,39)=-AFA2(N21+0)*H(111,30])
IF(L.EQ.J) HB(H1,J3)=HB(11,3)-1
END DO

END DO

DO I1=1,N12 1S 2=52+011F0B-F0
l=1+N11

RS=0

DO J=1,N21

1J=J+N11

RS=RS+H(1,J)*FOB(JJ)

END DO

FA(I)=FA(I1)+RS-FO(I1)

END DO

DO I1=1,N22
l=1+N1

1=1+N21

RS=0

DO J=1,N21

10=J+N11

RS=RS-H(111,J)*FOB(JJ) 1S4
END DO

FA(I)=RS

END DO

REWIND 5
WRITE(5) ((REAL (HB(1,3)),J=1,M),I=1,M)
WRITE(5) ((AIMAG(HB(1,3)),J=1,M),I=1,M)

CALL CMINVS(G,GB,M,M)



DO 1=1M
DO J=1M
HB(1,J) = G(1,J) + IM*GB(1,J)
END DO
END DO

DO I=1,M

RS=0

DO.J=1,M
RS=RS+HB(I,J)*FA(J)
END DO

FB(1)=RS I
END DO

DO I1=1,N11
F1(1)=FB(I)
F1B(I)=AFAL(I)*F1(1)
END DO

DO 1=N11+1,N11+N12
F1B(1)=FB(l)
F2B(I-N11)=F1B(l)+F0B(l)
END DO

DO I=N11+N12+1 N1
F1(1)=FB(I)
F1B(I)=AFAL()*F1(1)
END DO

DO 1=1,N22

l=1+N21
F2(H)=EB(N1+1)
F2B(I1)=AFA2(I1)*F2(I1)
END DO

REWIND 11
READ(L1) ((H(1,3),J=1,N2),I=1,N2)



DO I=1,N21

RS=0

DO J=1,N21
RS=RS+H(I,J)*F2B(J)
END DO

DO J=1,N22
19=1+N21
RS=RS+H(1,JJ)*F2B(JJ)
END DO
F2(1+N21)=RS

END DO

DO 1=1,N12
N=1+N12
F1(11)=F2(1)-Fo(I1)
END DO

DO IX=1,50

X=0.5*1X

DO 1Y=1,50

Y=0.5*Y

CALL WHT(X,Y,KHXL,Y1,S1XNL,YNLM,NLHT,FLF1B) 194 (= B
G(IX,IY)=CABS(HT)

END.DO

END.DO

DO IX=1,50

X=0.5%1X

DO IY=1,50

Y=-0.5*Y

CALL WHT(X,Y,KH,X2,Y2,52, XN2,YN2,M,N2,HT,F2,F2B) 1t [*| (= H B
GB(IX,1Y)=CABS(HT)

END DO

END DO

CLOSE(4)
CLOSE(5)



CLOSE(10)
CLOSE(11)

1001 CONTINUE
STOP
END

SUBROUTINE COOR_HANKEL(N,X,Y,S,XN,YN,XX,YY,M,M1)
M1=M+1

INPUT DATA XX,YY ﬁi?ﬁ#ﬁ}ff?
7 Z fFEEN

O 0O 000

REAL X(M),Y(M),S(M),XN(M),YN(M),XX(M1),YY(M1)
DO I=1N

11=1+1

X(1)=0.5*(XX(1)+XX(11))

Y(1)=0.5*(YY(1)+YY(I1))
S(I)=SQRT((XX(11)-XX(1))**2+(YY (11)-YY (1))**2)
YN()=(XX(12)-XX(1))/S(1)
XN()=-(YY(12)-YY(1))/S(1)

END DO

RETURN

END

SUBROUTINE INCIDENT(F0,FOB,X,Y,XN,YN,N,Ol,KH)

FO| o e 5
FOB - il L SEE
Ol : % $hE+ [Flj(gg X i)

KH: e

N 7f<¥7KTTEI+ﬁ&7L = [

XYk Hl&#ﬂzfﬂ
XNLYN XY 580 )

O 0O0O0O00000O0

COMPLEX IM,FO(N),FOB(N)
REAL X(N),Y(N),XN(N),YN(N)
IM=(0,1)



DO I=1N
FO(1)=-IM*CEXP(-IM*KH*(X(1)*COS(O1)+Y (1)*SIN(OI)))
FOB(1)=-CEXP(-IM*KH*(X(1)*COS(OI)+Y (1)*SIN(OI)))*

& (COS(OI*XN(1)+SIN(OI)*YN(I))*KH
END DO

C KEAAKEIAAKXIAXIAAIAAARAAAIAAAAAAXAAAAAAAAAAITAXAAAAAAAAAAIT AL A hkhhhhihhddhhiiiik

SUBROUTINE G2_HANKEL(GB,GM,N,XM,YM,SM,XN,YN,KH,H,HB)

REAL GB(M,M),G(M,M),XM(M),YM(M),SM(M),XN(M),YN(M),KH
COMPLEX IM,H(M,M),HB(M,M), RS,RT

OPEN(UNIT=5,FILE='5.TMP',FORM="UNFORMATTED',status="UNKNOWN")
OPEN(UNIT=4,FILE="4. TMP',FORM="UNFORMATTED' status="UNKNOWN")

PAI=3.1415927

IM=(0.,1.)

DO 100 I=1,N

DO 100 J=1,N

IF(1.NE.J) THEN
R=SQRT((XM(1)-XM(J))**2+(Y M(I)-Y M(3))**2)
RK=KH*R
CALL BESINS(RK,0,BJO,ILL)
IF(ILL.NE.0) WRITE(3,1) ILL,'-- JO'

1 FORMAT(1HO, ILL='17,A5)

CALL BESINS(RK,1,BJ1,ILL)
IF(ILL.NE.O) WRITE(3,1) ILL,*-- J1'
CALL BESYNS(RK,0,BYO,ILL)
IF(ILL.NE.O) WRITE(3,1) ILL, - YO'
CALL BESYNS(RK,1,BYL,ILL)
IF(ILL.NE.0) WRITE(S,2)ILL,-- Y1'
RN=((XM(I)-XM(1))*XN(@)+(YM()-YM(1))*YN@)/R
RS=0.5*IM*KH*(BJ1+IM*BY1)*SM(J)*RN
RT=-0.5*IM*(BJO+IM*BYO)*SM(J)

ELSE

RS=(1.,0.)

RT=(ALOG(KH*SM(J)/4.)-0.42278-IM*PAI/2.)/PAI*SM(J)

END IF



101 GB(I,J)=REAL(RS)
G(1,)=AIMAG(RS)
100  HB(1,J)=RT
REWIND 5
WRITE®G) ((GB(1,3),J=1,N),I=1,N)
WRITE(S) ((G(1,),J=1,N),I=1,N)
ENDFILE (UNIT=5)
CALL CMINVS(GB,G,M,N)
DO 1=1,N
DO J=1N
RS=(0.,0.)
DO K=1,N
RS=RS+(GB(I,K)+IM*G(I,K))*HB(K,J)
END DO
H(1,9)=RS
END DO
END DO
CLOSE(4)
CLOSE(5)
RETURN
END

C****************************************

SUBROUTINE BESINS(X;N,BJN,ILL)

C
BIN=0.0
IF(N) 10,20,20

10 ILL=1
RETURN

20 IF(X)30,21,31
21 IF(N.GT.1)GO TO 30
ILL=0
IF(N:EQ.0) BIN=1.0
RETURN
30  ILL=2
RETURN
31 IF(X-15.0) 32,32,34
32 NTEST=20.0+10.0%X-X*X/3.0



GO TO 36
34 NTEST=110.0+X/2.0
36 IF(N-NTEST) 40,38,38

38 ILL=3
RETURN

40 ILL=0

C

C -- *** COMPUTE STARTING VALUE OF M *** -
C
N1=0
IF(X.LT.1.0) GO TO 54
IF(X.LT.10.0) GO TO 53
IF(X.LT.50.0) GO TO 52
IF(X.LT.100.0) GO TO 51
M=X+35.0
GO TO 55
51 M=1.1*X+25.0
GO TO 55
52 M=1.3*X+15.0
N1=N+10
GO TO 55
53 M=2.0*X+8.0
N1=N+7
GO TO55
54 M=40*X+6.0
55  M=MAXO(M,N1)

C
C --- ** SET F(M),F(M-1) ** -
C
FM1=1.0E-30
FM=0.0
ALPHA=0.0
IF(M-(M/2)*2) 120,110,120
110 JT=-1
GO TO 130
120 JT=1
130 M2=M-2

DO 160 K=1,M2



140
150

160

170
180

MK=M-K
FMK=FLOAT(MK)
BMK=2.0*FMK*FM1/X-FM
FM=FM1

FM1=BMK

IF(MK-N-1) 150,140,150
BJN=BMK

JT=-JT

S=1+JT
ALPHA=ALPHA+BMK*S
BMK=2.0*FM1/X-FM
IF(N) 180,170,180
BIN=BMK
ALPHA=ALPHA+BMK
BIN=BJN/ALPHA
RETURN

END

C***************************************

C

10

11

20

30

SUBROUTINE BESYNS(X,N,BYN,ILL)

BYN=-1.0E30

IF(N) 180,10,10

ILL=0

IF(X) 190,11,20

IF(N.GT.1) GO TO 190

RETURN

P1=3.141592653

IF(X-4.0) 40,40,30

T=4.0/X

T=T*T

PO=((((-0.0000037043*T+0.0000173565)*T-0.0000487613)*T
&+0.0001734300)%T-0.0017530620)* T+0.3989422793

Q0=((((0.0000032312*T-0.0000142078)* T+0.0000342468)*T
&-0.0000869791)*T+0.0004564324)*T-0.0124669441

P1=((((0.0000042414*T-0.0000200920)*T+0.0000580759)*T
&-0.0002232030)*T+0.0029218256)*T+0.3989422819

Q1=((((-0.0000036594*T+0.0000162200)*T-0.0000398708)*T



&+0.0001064741)*T-0.0006390400)* T+0.0374008364
A=SQRT(2.0*PI)
B=4.0*A
PO=A*P0
Q0=B*Q0/X
P1=A*P1
Q1=B*Q1/X
A=X-Pi/4.0
B=SQRT(2.0/(PI1*X))
YO0=B*(P0*SIN(A)+Q0*COS(A))
Y 1=B*(-P1*COS(A)+Q1*SIN(A))
GO TO 90
C
C --- ** COMPUTE YO0,Y1 FOR X <= 4 ** -
C
40 XX=X/2.0
X2=XX*XX
T=ALOG(XX)+0.5772156649
SUM=0.0
TERM=T
YO=T
DO 70 L=1,15
IF(L~1) 50,60,50
50  SUM=SUM+1.0/FLOAT(L-1)
60  FLL=L
TS=T-SUM
TERM=(TERM*(-X2)/(FLL*FLL))*(1.0-1.0/(FLL*TS))
70 YO=YO+TERM
TERM=XX*(T-0.5)
SUM=0.0
Y1=TERM
DO 80 L=2,16
SUM=SUM+1.0/FLOAT(L-1)
FLL=L
FL1=FLL-1.0
TS=T-SUM
TERM=(TERM*(-X2)/(FL1*FLL))*((TS-0.5/FLL)/(TS+0.5/FL1))
80  Y1=YI+TERM



P12=2.0/PI
YO0=PI2*YO0
Y1=-PI2/X+PI12*Y1

C
C --- ** CHECK IF ONLY YO OR Y1 IS DESIRED ** ---
C ko Y o [V . ST G ey, W B S NS **
90  IF(N-1).100,100,130
C *h e A R AR e N e *%*
C --- ** RETURN EITHER YO OR Y1 AS REQUIRED ** —--
C AP\ TWE Y i a—) *%*
100 IF(N) 110,120,110
110 | BYN=Y1
RETURN
120 BYN=YO
RETURN
C ____________________________________________

140 T=FLOAT(2*K)/X
YC=T*YB-YA
K=K+1
IF(K-N) 150,160,150

150 YA=YB
YB=YC
GO TO 140

160 BYN=YC
RETURN

180 ILL=1
RETURN

190  ILL=2
RETURN
END

C*******************************************************************

SUBROUTINE CMINVS(A,B,M,N)



C**  [A+B] s
C** }{ﬁ’[A],[B] (A5~ * unformatted file : UNIT 5
C** [P IR Al UNIT 4
C** 3 = A=V 70 open unit 4,5
C
REAL A(M,M),B(M,M)
REWIND 5
READ(5) ((A(1,9),3=1,N),1=1,N)
CALL MINVS(A,M,N,1E-7,ILL)
IF(ILL.NE.O) WRITE(3,10) ILL
10 FORMAT(ILL CMINVS ='l7)
READ(5) ((B(1,3),J=1,N),1=1,N)
CALL SEKI(A,B,M,N,N,N)
REWIND 4
WRITE(4) ((A(1,9),J=1,N),I=1,N)
CALL SEKI(B,A,M,N,N,N)
REWIND 5
READ(5) ((A(1,9),J=1,N),I=1,N)
DO 100 I=1,N
DO 100 J=1,N
100 A(1,9)=A(1,9)+B(1,9)
CALL MINVS(A,M,N,1E-7,ILL)
IF(ILL.NE.O) WRITE(3,11) ILL
11 FORMAT(1HO,'ILL CS.2 ='I7)
REWIND 4
READ(4) ((B(1,J),9=1,N),I=1,N)
CALL SEKI(B,A,M,N,N,N)
DO I=1,N
DO J=1,N
B(1,J)=- B(l,J)
END DO
END DO
RETURN
END

C***************************************

SUBROUTINE SA(A,B,NA,N,NS)



[A]I[B]Elf[ (na! na)

[BI=[Al-[&]
[BIF Y

O OO0 oo

REALA(NA,NA),B(NA,NA)
DO 100 I=1,N
DO 100J=1,NS
B(1J)=A(1,3)-B(1,J)

100 CONTINUE
RETURN
END

C**********************************

SUBROUTINE MINVS(A,KO,N,EPS,ILL)
C
C i) AKKOKO) » [l AINN) » S 24 -1 [l
C KO<3000
C ill=3000 fij* vkl E[L » AF Y
C ill£0  FHTEiEL
C
REAL A(KO,KO)
INTEGER X(3000)
LOGICAL B
ILL=0
IF((KO.GE.N).AND.(N.GE.2).AND.(N.LE.3000).AND.(EPS.GT.0.0))GO TO 1
ILL.=30000
RETURN
1 DO 10 I=1,N
X(1)=1
10  CONTINUE
DO 110 K=1,N
M=K
W=0.0
DO 20 1=K,N
ABSA=ABS(A(I,K))
IF(ABSA.LE.W) GO TO 20
W=ABSA



20

40
50

60

70

90
100

110

120

130

M=
CONTINUE

IF(M.EQ.K) GO TO 50
L=X(M)

X(M)=X(K)

X(K)=L

DO 40 J=1,N

W=A(K.,J)
A(K,J)=A(M,J)
A(M,9)=W

CONTINUE
IF(ABS(A(K;K)).GE.EPS) GO TO 60
ILL=K

RETURN

P=1.0/A(K,K)

DO 70 J=1,N
AK,D)=A(K,J)*P
CONTINUE

DO 100 I=1,N

T=-A(I,K)
B=(I.NE.K).AND.(T.NE.0.0)
IF(NOT.B) GO TO 100
DO 90 J=1,N
A(LY)=ZATDFAKI)AT
CONTINUE

A(LK)=P*T

A(K,K)=P

CONTINUE

DO 140 I=1,N
IF(X(1).EQ.I) GO TO 140
K=X(1)

DO 130 J=1,N

W=A(,1)

A@,D=A(J,K)

AJK)=W

CONTINUE

L=X(1)

X(1=X(K)



X(K)=L

GO TO 120
140 CONTINUE

RETURN

END

C***********************************

SUBROUTINE SEKI(A,B,M,NA NK;NB)

[AL[B i (m, m)
[Al=[A][B]
(na,nb)=(na,nk)x(nk,nb)
[AT¥ R BV

OO0 o000

REAL A(M,M),B(M,M),C(300)
DO 100 I=1,NA
DO 101 K=1,NK
C(K)=A(I,K)
101 CONTINUE
DO 100 J=1,NB
R=0.
DO 102 K=1,NK
R=R+C(K)*B(K,J)
102 CONTINUE
A(1,9)=R
100 CONTINUE
RETURN
END

C***********************************

SUBROUTINE WA(A,B,NA,N,NS)

[ALIBI £ (e, na)
[BI=[AL+[B]
B A LTV 8

O OO0 OO0

REAL A(NA,NA),B(NA,NA)
DO 100 I=1,N
DO 100 J=1,NS



B(1,J)=A(1,9)+B(1,J)
100 CONTINUE

RETURN

END

C**********************************

subroutine shg_kh(shg,hk)
o F PO, S 15T e ke

IF(SHG-10.) 2,2,1
1 XY=SHG
GOTO®6
IF(SHG-1.0) 3,4,4
X=SQRT(SHG)
GOTO5
X=SHG
5  COTHX=1/TANH(X)
XY=X-(X-SHG*COTHX)/(1.+SHG*(COTHX**2-1.))
E=1.-XY/X
X=XY
IF(ABS(E)-0.0005)6,5,5
6 hk=XY
RETURN
END

C*******************************************

SUBROUTINE WHT(XX,YY,KH,X,Y,S,XN,YN,M,N,HT,F,FB)
REAL KH,X(M),Y(M),S(M),XN(M),YN(M)
COMPLEX RS,RT,IM,HT,F(M),FB(M)
IM=(0.,1.)

RT=0

RS=0

DO ‘1=1,N
R=SQRT((XX-X(1))**2+(Y Y-Y (1))**2)
RN=((X(1)-XX)*YN(1)-(Y(1)-YY)*XN(1))/R
RK=KH*R

CALL BESJINS(RK,0,BJ0,ILL)
IF(ILL.NE.O) WRITE(*,1) ILL



CALL BESINS(RK,1,BJ1,ILL)
IF(ILL.NE.O) WRITE(*,1) ILL

CALL BESYNS(RK,0,BYO,ILL)
IF(ILL.NE.O) WRITE(*,1) ILL

CALL BESYNS(RK,1,BY1,ILL)
IF(ILL.NE.O) WRITE(*,1) ILL
RS=RS+0.25%IM*S(1)*(F(1)*(BJ1+IM*BY 1)*KH*RN+(BJO+IM*BY0)*FB(1))
END DO

HT=RS

FORMAT(  ***** | BESI|LL=/110)
RETURN

END



