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ABSTRACT

In response to a need for repeated and sometime cumbersome computations

in ocean'engineering several, most used, computer programs were assembled

in this report. The computer programs were developed, or adapted for the

IBM 360-65 computer available on the College Station Campus of Texas A&M

University.

The computer programs are for:

(1) Stokes' Third Order Wave Theory

(2) Cnoidal Wave Theory

(3) Wave Forces and Moments on Circular Cylindrical Piles by

Small Amplitude Wave Theory.

(4) Combined Effect of Refraction and Diffraction of Water Waves

(5) Dynamic Response of Offshore Piling



11

PREFACE

Development of computer programs was conducted as part of general

research program in Coastal and Ocean Engineering at Texas A&M University.

Various portions of the report were prepared by different authors and

assembled by Cecil M. McClenan under supervision of Dr. John B. Herbich.

The study was partially supported by the National Sea Grant Program

of the National Oceanic and Atmospheric Administration throuqh Institutional

Grant GH-101 made to Texas A&M University.
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I. INTRODUCTION

Computer programs are a very useful aid in determining wave character

istics in coastal and ocean engineering. These programs were developed or

adapted from various sources in connection with several projects in the

Coastal and Ocean Engineering Division at Texas A&M University.

The programs are for:

(1) Stokes' Third Order Theory

(2) Cnoidal Wave Theory

(3) Wave Forces and Moments on Circular Cylindrical Piles by

Small Amplitude Wave Theory

(4) Combined Effect of Refraction and Diffraction of Water Waves

(5) Dynamic Response of Offshore Piling



II. STOKES' THIRD ORDER WAVE THEORY

1. General Comment

This program calculates values describing water particle motion using

Stokes' third order wave theory. This wave theory is most nearly valid

in water with a relative depth, d/L greater than 1/8.

Water particle velocities and accelerations in the horizontal and

vertical directions are calculated at different intervals of depth and

position along a wave.

The wavelength is dependent upon the wave height, wave period, and

water depth. Before the velocities and accelerations can be calculated, the

wavelength must be found. This is done by an iterative process knowing the

dependent variables listed above. This program calculates the exact wave

length.

2. Program Description

Main VtioQKam

Purpose: To calculate water particle velocities and accelerations given

wave height, wave period, and water depth.

Equations: In solving for the wavelength, the following equation is

used:

H=2a +2̂ -a3 •f^)

where

f (!) =1_ 1+8cosh6 (2Trd/L)
3 L 16 sinh6 (27rd/L)

The above equation equates to:

a3 +
2 * t^\

a -
HL'

3 vd< 2,2 f3 (^)
= 0



The only real solution of 'a' is:

a = A + B

where

A= (- .5bn +4/.25b2 +a3/27 )1/3
'1

B=(- .5^ -^/.25b2 +a3/27 )1/3

where

*} -L2/U2 f3 (£) )

b1 =-HL2/(2*2 f (f) )

The program initially begins with the depth water wavelength given by

L = 5.12 T2

and rapidly approaches the exact wavelength.

A series of iterations for a particular problem is shown below. It can be

seen how the trial wavelengths close on the exact value.

'exact

Trial

Wavelength

0.6814011OE 03
0.67724290E 03
0.67594530E 03

0.67554050E 03

0.67541400E 03
0.67537470E 03

0.67536250E 03

0.67535880E 03
0.67535760E 03
0.67545710E 03
0.67535690E 03

= 675.3569 ft.

Calculated
Wavelength

0.67308470E 03

0.67464790E 03
0.67513590E 03

0.67528750E 03

0.67533540E 03
0.67535030E 03

0.67534420E 03
0.67535640E 03

0.67535660E 03
0.67535660E 03

0.67535690E 03

For values of wave height, water depth, and wave period given

below.

H = 35.0 ft.

d = 15.0 ft.

T = 12.0 sec.



The equation used to find the calculated wavelength is:

L.all tann (W, h+(2^,2 14 +4cosh2 (4,d/L) 1
Z7r L L L 16 sinh4 (2Trd/L) J

After solution of L, the wave speed can now be calculated

C = L/T

The wave crest

where

Al = a/L

A2 =ttA2 f2(£)
A3 =tt2 A3 f3 (£)

Y„ = Al + A2 + A3
c

f (!) =2+ cosh (4Trd/L) cosh (2ud/L)
2 L 2sinh3 (2Trd/L)

The wave trough

Yt " Yc " H
The water surface profile

Y$ = L[A1 cos(G) + A2 cos(2G) + A3 cos(3G)]

The water particle velocities

Horizontal:

G-2ir(£-£)

u =CF1 cosh(K) cos(G) +CF2 cosh(2K) cos(2G) +CF3 cosh(3K) cos(3G)

Veriti cal:

v = CF , sinh(K) sin(G) +CF2 sinh(2K) sin(2G) + CF3 sinh(3K) sin (3G)

where

K - f1 (y +d)



The water particle local accelerations

Horizontal:

2ttC

F, =

Fo =

F. =

2ira . 1
L sinh(2ird/L)

3/2ttcu2 1

s1nfT(2ird/L)

l_(2iaj3 . ll-2cosh(4Trd/L)
64 L sinh7 (2ffd/L)

ax =-—^ F] cosh(K) sin(G)

. 4ttC F2 cosh(2K) sin(2G)

6ttC
+T^" F3 cosh(3K) sin(3G)

ay = - ^C F] sinh(K) cos(G)

- ^F2 sinh(2K) cos(2G)

- ^-F3 sinh(3K) cos(3G)



Symbol

H

a

L

d

T

C

u

3. Notation

FORTRAN
Name

Description

H wave height

A useful function

WL wavelength

D water depth

T wave period

CEL wave speed

U water particle ve

AX

AY

in the horizontal direction

water particle velocity in
the vertical direction

water particle local accel
eration in the horizontal
direction

water particle local accel
eration in the vertical
direction
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JWATFIVX JOB (341T!,15-C ,*40,006, >»' CM MCCLENAN

i STOKFS THIRD ORDER WAVE THEORY
i

FOR WAVE CONDITIONS WHERE D/L GRFATER THAN 1/10

T=WAVE PER

H=WAVE HFI

D=WATER DE

DEPINC=OEP

SYMBOL AND

XHEAD, YH6

TITLF OF f.

WL=WAVELFN

CEL=WAVE S
YC=HEIGHT

YT=DEPTH D

XDL=DISTAN

TOT=DISTAN

Y=DISTANCE

U=HORIZONT

V=VFRTICAL
AX=HORIZHN

BOTTOM

AZ=VERTICA

BOTTOM

IOD

GHT

PTH

TH INCREMENTATION DESIRED (SHOULD 6? AN INTEGER)
NPRINT = O(ZERO) (THESC APE NEEDED IN SUBROUTINE GkAPH)
AD,AND TITLE ARE THE HEACINGS OF THF X-AXIS,Y-AXIS, ANC

GRAPHACH

GTH

PEED

OF WAVE CREST

F WAVE TROUGH

CE ALONG WAVE

CE ALONG WAVE

TO A WATE^

AL VELOCITY

IN LFNGTH

IN TIME

PARTICLE FROM

OF A PARTICLE

THE BOTTOM

AT DISTANCE

VFLOCITY OF A PARTICLE AT DISTANCE Y

Y FROM THE BOTTOM

FROM THE BOTTUM

TAL ACCELERATION OF A PARTICLE AT 3ISTANC Y FROM THF

L ACCELERATION OF A PAPTICLP AT DISTANCE Y FROM THE

DIMENSION UP(999) ,VP(9991 ,AXP( 999),AZP(999),YSP(50 ), XHF.ADi 5),YHEAO
1(5),TITLE( 10),XHFADA(5) ,XHEADB(5),XHfADC(b), XHFAOO(5),YHEADAt51,YH
?EADB(5),YHEADC(5),YHEADD(5),TITLEA(10),TITLE4(10),TITLFC(10),TITLF
3D(10)»YP(999), XOLP(cO),NAME(20»2C)
READ(5,101 XXHFAC ( I I*
Rfc"AD(5,101)(XHFADA(I),
READ(5,101)(XHEADB(I),
PFAD(5,3101 MXHEADCU),
READ(5,101)(XHEADD<I),
READ(5,101)(YHEAD (I),
READ(5,101MYHEADA(I),
READ(5,101)(YHEADB(I),
READ(5,101)(YHEACC(I),
READ(5,10l)(YHFADD(I),
RFAD(5,101MTITLE (I),
READ(5,101)(TITLEA(I),
REA0(5,101)(TITLE8(J),
READ(5,101)(TITLFC(I),
READ(5,101)(TITLFD(I),
READ(5t100)T»H,D,OFPINC,SYMBOL,NPRINT

DEF1NF CONSTANTS

L = 0

G=32.2

PI=3.141593

SFT INITIAL VALUE OF WAVFLENGTH EQUAL TO DEEP WATER WAVELENGTH

WL =5.12*T*T

BEGIN ITERATIVE PROCESS TH SOLVE FOR ACTUAL WAVELENGTH

tLO X=2.*PI*D/WL

1=1 ,t)

1=1 5)

1=1 • 5)

1=1 r5)

1=11 5)

1=1 r5)
1=1 ,M
1=1 r5)

1=1 r5)
1=1 • 5)

1=1 rlO)

1=1 rlO)

1=1 r 1 0)

1=1 rlO)

1=1 ,10)

9 39
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29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

C

C

C

44

•45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

C

C

C
to

C
1960
U61
\f

62
1463
n64

u65

1366
•,1

67
1!68
1069

V70
s71
772
A73

74

^?i=90SH(X,*C0SHU,*CQSH(X»*C0SH(X)*C0SH(X)*CnSH/yi
'cPn;s^H(?,*SINH(x,*SI^ F3=(3./16.)*(1.*(8**CF31))/CF32

A1=WL»WL/(PI*PI*F3)
,B1=-H*WL*WL/(2.*PI*PI*F3)
jA=!--5*Bl*SQRT(.25*B!*Bl+41*Al*Al/27.))**(!./3.)

B=<-.5*Bl-SQRT<.25*ei*Bl*Al*Al*Al/27.)>"•/3#l oB=B

8=ABS(B)**(l./3.)
SIGN=1.

IFtBB.LT.O.)SIGN=-1.
A=A+SIGN*B

C1=14.+4.*C0SH(2,*X)*CCSH(2.*X)
C2=16.*SINH(X)*SINH(X)*SINH(X)*SINH(X)
C=l.+(<2.*PI*A/WL)**2.)*C1/C2
WLT=(.5*G*T*T/PI)*(TANH(X))*C
WRITF(6,1H)WL,WLT

11F0RMATC2E16.8)
OIFF=WL-WLT
WL=(WL+WLT)/2.
IF(ABS(DIFF).GT,0.01)GOTO10

*NDOFITERATIVEPROCESSTOSOLVEFOPACTALVALUECFWAVELENGTH
CF2=(2.-i-C0SH(2.*X))*CCSH(X)
CF21=2.*SINH(X)*SINH<X)*SINH(X)
F2=CF?/CF21'
CFL=WL/T
A1=A/WL

A2=PI*A1*A1*F2
A3=PI*PI*A1*A1*A1*F3
F1=2.*PI*A/(WL*SINH(X)J

INH(X))

•*X)|/(SINH(X)**7.)
YC=(A1+A2+A3)*WL

wili'S'200'WUH'D','C'YT'«U.T,M.A2,A3,Fl,l=2,F,f4 TDT=0.0

C=2.*PI*CEL/T

BEGINMLOOPTOCALCULATEVELANOACCELATOIEFPPENTPLACESALONG
DO70KK=1,H
WRITE(6,300)XDL
TH=2.*PI*(XDL-TDT)
COSTH=COS(TH)
COS2TH=COS(TH*2.)
COS3TH=COS(TH*3.)
SINTH=SIN(TH)
SIN2TH=$IN(2.*TH)
SJN3TH=SIN(3.*TH)

KY=YS+2.*DEPINC
KY=KY/DEPINC
KY=KY*OEPINC
Y=KY

F?-?r??I/?rf!Jt(HL*WL*SINH,X'*SINH(XI*SINH(X»*SII
i"i!lp?;iJS[,*P1*PI*A*A/<WL**M*ui.-2.*cosm2.i!
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76

77

73

79

80

SI

82

83

84

85

86

87

88

89

90

91

9?

93

94

95

96

97

93

99

100

101

10?

103

*04

105

106

107

108

109

110

111

11?

M3

114

115

116
117

118

119

120

121

BEGIN 00 LGOP TO CALCULATE VEL AND ACCEL ALONG VERTICAL PP0F1LES

DO 40 N = 1., I

Y = KY-DFPI,NC*N!

IF(N'.cQ.l)Y=YS

IF(Y.GT.YS)KY=KY-OEPINC

IF< Y'.GT.YS)Y=Y-n»-PINC

XY=2;.*PT*( Y+DJ/WL
CCSHXY=CGSH{XY)

C»JSH2X=COSH<2.*XY)

C0SHJ3X=CGSH( 5,*XY)
SINHXY=SINH(XY)

SINH

SINH

l)=(F

V=(S

AX =

AZ=-

L = L +

UP(L

VP(L

AXP(

AZP(

2X=SINH(2.*XY)

3X=SINH(3.*XY)

1*C0SHXY*C0STH+F2*CCSH?X *COS2TH+F3*COSH3X

INHXY*Fl*SIMTH+F2*SINH?X * SIN2TH+F3*SINH3X
C*(FA*C0SHXY*S!NTh*2.*F?*C0SH?X *SIN2TH+3.*F3*CCSm3X

C*(Fl*SlNHXY*CGSTH4^.*Fi*SINH2X *CGS2TH+3.*F3*SINH3X
l

)=U

)=V

L)=AX

L)=AZ

YP(L)=Y

WWIT'C(6,40C)Y,U,V,AX,AZ

*CGS3TH)*CFL

*SIM3TH)*CEL

*SIN3TH)

♦C0S3TMI

40

YSP(

XOLP

XDL =
NM=1

CALL

CALL

CALL

CALL

CALL

70

KK)=YS

(KK)=XDL

XDL+O.05
i

IOC

101

200

GRAPH (UD,YP,L,SYMeGL,XHtAD,YHcAO,TITL r,NPRINT)
GRAPH(VP,YP,L,SYMRnL,XHcAOA,YHfcAOA,TITLtA,NPRINT )
jfi APH ( t XP, YP,L, SYMBOL, XH^ADR,YHEADB, TITLE 8, NPRINT )
GcA»H(AZP,YP,L,SYVBOLtXHFADC,YHEAQC,TITLEC,NPRINT)
GP APH (XDL P, YSP, NM, SYMBOL, XH6AOr,YH£A0D,T ITLF.U,NPRINT)

f(»RMAT(5»=.I 0.4 ,811 )
FnPN|AT( 10A4)

STOKES THIRL) ORDER WAVE- THEORY
=*♦F10.3,///,T5C,'WAVE HEIGHT

,F10.3,///,T5C,»YC

^.1R^AT(1H1, /////,T45, •
'* /////, T50, • wAVI" LFNGTH
?F' 0^'3f///, T50, •WATfR DFPTH
3F.iuj^,///,7 50, • YT
4F10J3, ///,T50, 'WAVE PER IOD
cr:!4j7,///tT50,*A?
6c'4-J7,///,T50, «F1
7f14j7,///,TP0,»F3
^c 14J7)

= 1

=•tFtO.3,///,T50,'WAVF
= • ,F10.3,///,T5C,»A1
=•,C14.7,///,T50,'A3
=•,f\4.7,///,T50,»F?

=•,E14.7,///,T50,»A

-1

CELERITY =

^OCi FuF.l^ATUHJ ,T60,»X/L =,,EH,2,3(/),T3fc,«Y« ,T44,«HOUZUNTAL*,T60,•VER
mCAL',T76,«HnRI ZHNTAL • , T9'-* , •VCP TI CAL ' , / ,T45 , • VJLJCI TY« , T60 , »VtLOC
?ITY^,T75,« ACCFLE;. AT ION* , T91 , •ACCFL^F AT ION* ,/)

400 FOHMATC26 ,F1 3.?,4F1.6.6)
STOR

(•KH

SUtfffCJTIMe GR APH(CAT^X,DATAY, I , SYM8CL ,XHEAD,YHfcAT,TITLE,NPRINT)
0 I M-j NS I ON I AT AX ( I ) , DA TA Y( I )
r»IMf|NSlPN PLOT (122,5c) f YSC *LH 6 ) ,XSf ALE< 7) , XHL- ADC S ) , YHEAOC b )
DIMENSION TITL?( 1 0)
DATA AST,uLAMK,YAXTS,XAXIS,PCTNT,AfB,C,D,F/«*« ,' • r•I• , • -• f

1 • * • , »A • , • 6 * , ' C • , * ) • , « F • /
SAVSYM^SYMPHL

if(Symbol.eq,o.o) symbol=ast
IF(NP*TNT. nR.NPP I N'T. =0.3) GO TH 1 9Q
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(=APtlCS
09JX09

lNIOd=fWAS
LS=ATiOb

01i)iGO
lNIGdjwAS

c2i=xr:o6

OLGi09
iNIGd^AS

2=Xf006

09Oiu9
^AS=(Ar*XDiGlaOb

206Gi09(iS*19*Ar)dI

tObGI00(fil'Apdl
(0Q0b*2A)-G'IS=AT

J9NVdA/l4=2A
lGaA-(DAVlVO=TAOZ

£06luG9(22I*i9*XC)JI
00601GO(2'lTXpdI

S'2+0'02i*2X=XT
dONVdX/IX=2X

iC9X-(DXViVCl=iX

!G8WAS=fKAS
I*I=P09GO

3DMINGO09i

3nN'IlNG90£l

O'S/39N^dA*X+lG8A=(l)dlV0SA

1-9=X

S*T=10£IGO
iGSA=(9)=nvOSA

3DM1NO0021

Z*tl

0<7?

o£2

8£2

L£2

9£2

S£2

*7i7

££2

212

i£2

0£d

622

QZZ

Lie

922

<atZ

*7cZ

ill

ill

HZ
022

612

8it

Lie
9i2

su
*7iZ

£i?

2t2

112
012

60£

802

Z.02

906

502

vOi

£02

202

102

002

66l

«6\

Lbl

961

St)T

<7bT

£ol

2t>I

161

061

681

8bT

£81

981

S8X

<7bl

£8T



243 !w» ITU 6,502)
244 •vjr PnRMAT(jH) ,iox,»max
245 SYMfjOL = SAVSYM
?46 IkFTl.JPN
247 rN0

248
I
ISUBPn.iTjNjE- SIoNIF(V

X CR Y VALUE F'JUALS MIN VALUE',/////)

249

250

251
257

253
254

255

">56

257

258

2*9

26 0

261

262

264

265

266

?t>7

263

269

770

271

10

40

//SPAT

0.7i777r70>.

0.6Q472020-
0.681401 lOf-

0.67 72<t^<?U'

0.6754"4* »0-

0.67554050^

0.6754UC0F.

0.67537470P

0.675362*0?

0

I

C3

(.3

CI

03

SIoNIF(VALIJE,NUM8,SCALE,SIG,N)
iwT3H='' 0.0**NUMB
JSCALC=0.1**NUMP
rt$CUf-' = 10.0
IF ( Ahfj ( VALUF) .GF-

Sf &L«r=10.0**NUMR

BSCALF=0.1
M=0

!F(A^S(VALUF).GF

00 1.0 M= l,?5

V4LUf=VALJt*SCALF

IF (ABS(VALUfc) .GE.l.O.AKO.AtJS(VALUt J.LT.HIGH)
CONTINUE
N=M*NUMB

NVALUf=VALUE
<iCALF=aSCALF

IF(NUM«.LT.2) GO TO 40

IF(ARS(VALUE).Gi .10.0) GC TQ 40
MVAL'JC = 10. 0*VALUF

IFJSCALF.LT.J..O) N= N+'
IF(SLAL E:.Gf .1.0) N=N-J
SIG=NVALUc
«rTiJCN|

..0) GO TO 30

7.0.ANO,AbS(VALUb").LT.HIGH) GO TO 20

0. *•*">} 6080*"

J.66FC8JC0F

0.67J03470F

0.6 /4647Q0F

O.f- 75). 3b90F

0.6 7S2H750P
U.'7S* J540F

0.t7535030F

0.67535520E

03

03

01

03

0^

03

03

0 3

GC TO ?0



STGKES THIRD GRCER WAVtr THEORY

WAVE LENGTH 6"75.35o

WAVE HFIGHT 35.000

WATER DEPTH 150.000

YC 19.695

YT -35.305

WAVE CELERITY = 5b.280

WAVE PERIOD

Ai

A?

A3

fl

F?

F3

12.000

= 0.2540417=-01

= 0.*?5052.Jc-0?

= 0.5079710E-03

= 0.P424634F-01

= 0.'48284KE-02

=-0.1165606^-04

= 0.1715694c 0?



Y HORIZONTAL
VFLOCITY

19,.70 0.129296c 02

"! ^<,00 0.127289E 0?

16,.00 0.124969E 0?

* 4,,00 0,122700?? 02

'2,.00 0.120483E 02

10,,00 O.U8?36P 02
,T .00 0. i!6!9 7F 0?

6«,U0 J.1141266 02

4« 00 0.1121026 02
~>

,00 0.110123E 02

-0,,00 0.108189F 0?

-?<,00 0.106299F 02

-4,.Go 0.104453c 02

-* ,,00 0.102648F 02

-'3,,0u 0.100885c 02

i 0,,00 0.997624?: 01

12,.00 C.974796F 01

14,.00 0.953359F 03.

\ <. ,,00 0.94230^F O1

IH,,00 G.926623E 01

ro,,00 0.91)312E O1
o -•> ,00 0.clQ6365E 0*

">4,,00 0.381765F OL

< 6,,00 0.867517E 01

28,.00 0.8536C9F 01

30,,00 0.«^C038F 0'

*'-<,00 U.826796F 0?.

34,,00 0.313376L 01

36,,00 0.30?274F 01

"^6,,00 0.788°85F 01

40. 00 0.777001F 01

**?t,00 0.765319E 01

44 .00 0.753932F 01
^6,,00 0.742837? 01
4 3,,00 0.732J28C. Oi

50,,00 1. 7215CF 01

5?,,00 0.711250* C!

54,,00 0.701272F 01

*>*,,00 0.69I561F 03

5p,,00 0.682U5E 01

60,,00 0.67?9?8C 03

6?,,00 0.66 3-97c 01
64,,0u 0.655318F 01

66,,00 0.646888E 01

t>8,,00 0.638702E 01

70,.00 0.630757F 0^

7",,00 0.623049E 01
74 ,00 0.615576E 01

76 ,00 0.609335F 0}

7?,.00 0.601322F 01

8 0,• 00 0.594533E 01

«;,, )u 0.5F7963F Oa

.84,, oc 0.581621F 0}

*W ,,00 0.^75492= 01

38,,00 0.569576E 0^

X/L *0.00

VERTICAL
VELOCITY

O.OOOOOOE 00

O.OOOOOOF 00

O.OOOOOOF 00

0.0C0000C 00

O.OOOOOOE 00

O.OOOOOOE 00

O.OOOOOOc 00

O.OOOOOOE 00

O.OOOOOOE 00

O.OOOOOOE 00

O.OOOOOOE 00

O.OCOOOOF 00

OoOOOOOOF 00

O.OOOOOOE 00

O.OOOOOOE 00

O.OOOOOOF 00

O.OOOOOOE 00

O.OOOOOOE 00

O.OOOOOOF. 00

O.OOOOOOE 00

O.OOOOOOF. 00

O.OOOOOOF 00

O.OOOOOOF 00

O.OOOOOOE 00

O.OOOOOOF 00

O.OOOOOOF. 00

O.OOOOOOE 00

0.0000006 00

O.OOOOOOE 00

O.OOOOOOF 00

O.OOOOOOE 00

O.OOOOOOE 00

O.OOOOOOE 00

O.OOOOOOE 00

O.OOOOOOE 00

O.OOOOOOE 00

C.OOOOOOE 00

O.OOOOOOF 00

0.0000005 00

O.OOOOOOE 00

O.OOOOOOF 00

O.OOOOOOt 00

O.OOOOOOF 00

O.OOOuOOC 00

O.OOOOOOF 00

O.OOOOOOc 00

O.OOOOOOE 00

O.OOOOOOE 00

O.OOOOOOE 00

O.OOOOOOE 00

O.OOOOOOE 00

O.OOOOOOE 00

O.OOOOOOF 00

O.OOOOOOE 00

O.OOOOOOF 00

HORIZONTAL

ACCELERATION

OCE 00

ooe oo

OOE 00

OOF 00

OOE 00

OOE 00

COF 00

OOE 00

OOE 00

OOE 00

OOE 00

OOE 00

OCF 00

OOF 00

OOC 00

OOF 00

OOF 00

OOE 00

00c 00

OOE 00

OOE 00

OOF. 00

OOE 00

ooe oo

OOE 00

OOF 00

OOF 00

OOF 00

OOE 00

OOF 00

OOE 00

cot oo

OOE 00

OOF 00

ooe oo

OOE 00

OOE 00

OOF 00

OOE 00

OOE 00

OOF 00

OOE 00

OOE 00

OOF 00

OOE 00

OOE 00

OOE 00

OOE 00

OOE 00

OOE 00

OOE 00

OOF CO

OOE 00

OOE 00

OOE 00

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

o.cooo

0.0000

0.0000

0.0000

O.COOO

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

o.ocoo

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

VERTICAL

ACCELERATION

•0.672971E CI

•0.660221F 01

•0.645471E CI

•0.6n029F 01

•0.616883E CI

•0.603039E 01

•0.589475E CI

•0.576189E 01

•0.563174E 01

•0.5504?4E 01

•0.537930E 01

•0.525687E CI

•0.513687E CI

•0.501926E 01

•0.490397E CI

0.479093F 03

•0.468009E CI

•0.457139F 01

•0.446478F CI

•0.436020F 01

•O.425760E 01

•0.415692F 01

•0.405812E 01

•0.396114F 01

•0.386594E CI

•0.277248E 01

•0.268070F CI

•0.359055F Ci

•0.350200E CI

•0.341501E CI

•0.332952F CI

•0.324550E CI

•0.316290E 01

•0.3081705 CI

•0.300184S CI

•0.292329E 01

•0.2846C2E CI

•0.276998F 01

•0.269515F 01

•0.262148c 01

•0.254894E 01

•0.247751E CI

•0.24071^E 01

•0.233780F CI

•0.226946E CI

•0.220210E 01

•0.213567E 01

•0.207016E 01

•0.20O552F C!

•0.194174E 01

•0.1«7879E CI

•0.181662E CI

•0.I75523E 01

•0.169457E 01

-0.163463E 01
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18.29
?.8.0p
16.00

] A. 0 p
i:;.op
I'.O.Op

^.ob
6.o;o
4. ojo
?. op

-o.op
~?.o;o
-«..qo
-6.00

-8.00

-iO.qo
-12.0 0

-?4.do
-V-..00

-1 8.<|)0
-?o.<|)0
-:~.oo

-24.fco
-2t.f)0
-2 8.00

-30.bo
-3\ bo
-"*«*. 00

-"»6. be
-^.[30
-40.00

-42.00

-44. JOO
-'+6.00

-48.00

-50.00

-5 2.OC

-5<»J:)o
-*6.00

- 5HJ00
-60Jon
-<-.;Joo
-r,4jOO
-66J 00
-'.ajoo
-7gj00
-7?j0U
-74]00
-76 JOO
-7bJ 00
-8 0 ,00

-9 c ,00

-84 ,00

-i!6 , 00
- >-; A .00

HOP I /.ONTAL
VtLGCITY

0.120753L- 02
0.1198 35F 0?
0.H767]E 02
0.115555F 02

0.1'34 8 6F 0?
0.1'14fc2c: 02
0.1094P4E 02
0.10 7 5 50r 0?

0.105659b 02

0.103810F 02
0.102003F 02
0.100226"-' 0 2

0.985099t. 01
0.96 822 4l 0:«
0.951735C 03
0.935620E 01
0.9?9875F 01

0.9044Q2F 0.1
0.88 9464F O1

0.874784b 01
C.86 0447F 0"
0.846445F 01

0.83 2773E 01

0.8194231 01
C.30639 IT O.l.

0.793672L 01
0.781 2 59F 01
0.7691466 01
0.757329r 01
0.745804b 0)

0.7 3 45 64E 0"!
0.7236C4'f 01

0.712920!: 05

0.7025C3F O1

0.692363F 01

0.682480c 0).

0.672857E 0.1

0.66 34 876 01

0.654368E O1

0.64 5496F 01
0.636866F 01

0.6284766 01

U.62.0322E 01
0.612 3 99E 01

0.6047C6F 01

0.597238* 01
0.5B9992F 01
0.S82967F 03

0.576158F 01

0.5695636 01

0.563179F 01

0.55 7003C 01
0.551034b 0!

0.545268F 01
O.539703E 01

X/L =0,05

VERTICAL

VELOCITY

0.3884866 0*!
0.3 87199F 01
0.378577b Oi

0.37 01 33"" 01
0.361564F 01
0.3537&6E 01
C.345834F 01
O.33G063*- 01

0.3304491" 01.

0.322990E 01
0.315680? 01
0.i 08516c Oi

0.301494F 01
0.29461IF 01
0.287862E 01

0.231245b 01

0.2747C6F 01
0.268391'" 01
0.26214dF 01
O.?5t,023b 01
0.250014C- 0i

0.244116F 01

0.2 3832SF Ol
0.232646c 01
0.°27068E 0?.
0.221591E 01

0.216211F 01
0.2109 2 71- 01

0.205736E 01
0.20 063 66 01

0.195623E 01
0.1906975 01

0.1858536 01
0.181090F 01
0.176405F 01

0.171793F 01
0.16 7264F 01
0.)628035 01
0.15841 lr- 01

0.15408 8F 01.
0.1498316 01

0.1456386 01

0.1415073 01
0.1?7436E 01
0.133424F 01

0.,2946bE 01
0.1?*:568E 01
0.121720E 01

0.U7924F 01

O.U 417 76 01
C.110479F 01

0.1068271: 0"i
0.103220F 01
C.9965566 00

0.961333F 00

HFR IZGNTAL
ACCELERATION

0.245976E CI
0.2452146 01
0. 2.401 C2F 01
0.2 35?.2OF 01
0.230266E 01
0.225535E 01
0.2209246 01
0.?"64 3IE 01
0.2 3 20 53E 01
0.207787c 01
0.2C36 3 0E 01
0.199579F. 01
0.195632E CI
0.1917 87E 01
0.188041F 01
0.J84392F 01
0.1F0637F 01
0.177374E CI
0.1740C1 E 01
0.170716E 01
0.16 751.7E 01

0.164402c 01
0.1613 69F 01
0.1 584.1 5r- 01
0ol55540E 01
0.152742F 01

0.1500186 01

0.1473676 01
0.144788E 02
0.142?796 01
0.139838E 01

0.137464E 01
0.J35155E 01

0.1329Uc CI

0.1'30729E 01
0.1286C9F 01
0.i26549fc 01

0.124548F 01

O.I2°605E 0!

0.J20719E 01

0.118888E 01
0.U71UE 01

0.1153886 01
0.1137176 Oi
0.112098E 01
0.1105306 01
0.1 0 901 IF. 01
0.107540E 01

0.106118F 01
0.104742F 01

0.103413b* 01

0.10??306 01
0.100891F 01
0.9969606 00

0.9854466 00

VERTICAL

ACCELERATION

-0.617862E CI
-0.615830F 01
-0.6022096 Ci

-0.588867E CI

-0.575800F 01

-0.562999E CI

-0.550457E CI
-0.538168E CI
-0.526125E 01

-0.514323F 01

-0.5027556 CI

-0.4914*56 01

-0.480298b CI

-0.469397F CI
-0.458708F CI

-0.448223F 01

-0.4379406 CI

-0.427851E CI

-0.417953b CI

-0.408241E CI

-0.398709E CI

-0.389352F CI

-0.380167E 01

-0.3711486 01

-0.362292E 01

-0.353595E 01

-0.345051E Cl

-0.336656E Cl

-0.328407E Ci

-0.3203016 Cl

-0.312333F Cl

-0.304498b Cl

-0.296795b Ci

-0.289218E 01
-0.281765E Cl

-0.274432c Cl

-0.267216F Cl

-0.260113E Cl

-0.253120F Cl

-0.246234E Cl

-0.239452E Cl

-0.232771E Ci

-0.2261876 Cl

-0.21969^6 Cl

-0.213302E Cl

-0.206995c Cl

-0.200773E Cl

-0.194636E 01

-0.188579F 01

-0.182601E 01

-0.176698E Cl

-0.1708696 01

-0.165110E 01

-0.159419E 01

-0.J53793E Cl
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-94.00

-96.00

-98.00

-100.00

-102.00

-104.00

-106.00

-108.00

-mo. bo
-112.00

-•<• 4.bo
-116.bo
-118.po
-l^O.00
-122.b0
-124.00

-i26.|00
-•5 23.JOO
-130.J00
-132.iOO

•I 34.

•*• 36.

138

140.

•?4;

•144.

•46.

•148

•1 50.

00

00

00

00

00

00

00

00

OC

0.440993*"- 01
0.4370616 01
0.4332846 01
0.429661E 01
0.4261916 01
0.422873E 01
0.419705F 01

0.4166865 01
0.4138156 01
0.411090E 01
0.408511S 03
0.4060736 01
0.403788F 01
0.401641b 01
0.399636E 01
0.397774F 01
0.396052E 01
0.394469F. 01

0.393027F 01
0.391723E 01
0.390358F 0?
0.389532E 0!
0.388642E 01
0.3878916 01
C.387276E 01
0.3E6798E 01
0.386457F 0?
0.386252E 01
0.3861846 01

0.161563F 01
0.155227E 01
0.148956E 01
0.1427446 01
0.136591E 01
0.130492E 01
0.1244476 01

0.1184526 01
0.112505E 01
0.1066036 01
0.100745F 01
0.9492696 00
0.891471E 00
0.834032'-' 00
0.776929F 00

0.720139E 00
0.6636386 00

0.607403E 00

0.551412E 00
0.495643F 00
0.44007 36 0.0

0.384673F 00
0.329433F 00
0.274330F 00

0.219333E 00
0.164423F 00
0.309579F 00
0.547784F-01
O.OOOOOOF 00

0.179181F 01
0.177368E 01
0.175628E 01
0.173962E 01
0.1723696 01
0.170846E 01
0.169394E 01
0.168012F 01
0.166700F 01
0.165455E 01
0.164278E 01
0.163169E 01
0.162126E 0}
0.1611496 01
0.1602376 01
0.159390F 01
0.1586C8E 01
0.3 578906 01
0.157236E 01
0.1566446 01
0.1561166 01
0.155651E 01
0.1552486 01
0.1549086 01
0.15463C6 01
0.154414E 01
0.154259F 01
0.1541666 01
0.154136E 01

-0.1128626 01
-0.1084626 01
-0.1041046 01
-0.9978506 00
-0.9550386 00

-0.912586F CO

-0.8704796 CO
-0.8287C1E CO

-0.7872356 CC
-0.7460656 00
-0.7051766 00

-0.6645536 CO
-0.6241806 CO
-0.5840426 00
-0.5441226 00

-0.5044C86 00
-0.464883E CO

-0.425532E 00

-0.3863416 00

-0.347296E 00
-0.308380E CO

-0.269580E CO
-0.2308816 CO
-0.192269E 00

-0.153729E 00
-0.115246E 00
-0.768068E-01
-0.3839636-01

-0.0000006 00



-68.00

-70.00

-72.00

-74.0 0

-76.00

-78.P0
-80.bo
-82.ICO
-84.[OO
-«6.;00

-bF.OO

•QO.

•92.

•96.

•OP.

00

00

00

00

00

X/L =0.15

HORIZONTAL V6rTICAL

VELOCITY VELOCITY

0.621550F Cl 0.874389F 01

0.6161,666 Oil 0. "-640246 01

0.60o3456 01 0.b45114r 01

0.5967166 01 0.626569b 01

0.5872776 01 0.808382c 01

0.573023b OK 0.7905426 0!

0.5689546 01. 0.7730406 01

0.5600666 01 0.755868F 01

0.5513576 01 0.7->9018F 01

0.5428?56 01 0.72 2484F 01

0.8344656 0? 0.7062556 0!

0.5262776 01 0.6903256 01

0.5182576 01 0.674685F 01

0.5104046 01 0.65S330F 01

0.^027356 0.' 0.6442516 01

0.495187F 01 0.6294436 01

0.4878196 01 0.614696F 01

0.4806096 01 0.600606c 01

0.4735536 01 0.5865656 01

0.4666 516 01 0.5727686 01

0.4599006 01 0.559208c 01

0.4532986 01 0.5453786 01

0.446343E 01 0.532773F 01

0.4<-0533r Oi 0.519888 6 01

0.4343676 01 0.50 72166 01

0.4283426 01 0.4947506 01

0.42 2456r 01 0.4824386 01

0.41.67C86 01 0.47 04216 01

0.4110976 01 0.4-585476 ol

0.4056206 01 0.446658E 01

0.40 02 766 0? 0.4353506 01

0.39506??* 01 0. -t2 4019 6 01

0.3 89979- 01 0.4128596 01

0.3850246 01. 0.4018606 01

0.3801956 Oi 0.3910346 01

0.3754926 01 0.3803596 01

C.370912F 0"» 0.369837F 01

0.3664545 01 0.359462F 01

0.3621176 01 0.349233F 01

0.3579 00**" 0? 0.339142F 01

P.353807.6 01 0.3291866 01

0.3498196 01 0.31936 IF 01

0.345953*" 01 0.309663L 01

0.3422026 01 0.T00089c 01

0.338564F 01 0.2906336 01

0.335039F 01 0. *>312926 01

0.3316256 01 G.272063F 01

0. 323321F 01 0. 262941 -= 01

0.3251276 01 0.253923F 01

-.).*-22041c 01 0.245004b 01

0.319062 6 01 0.2361826 01

0.316190F 01 0.22 74546 ol

0.31 3423'"* 01 0.23 88146 01

0.3107616 0? 0.2102606 01

0.308202t-' 01 0.2017896 01

HORIZONTAL

ACC6L6FATIGN

0.5430716 Cl
0.527341F 01
0.5269316 01
0.5167806 01
0.5068806 01
0.4972266 01

0.4878116 01
0.4786316 01

0.469680F 01
0.4609526 01
0.452442F Oi
0.444146E 01

0.436057E 01
0.428173E 01
0.420497F Ol
0.4129966 01

0.4056956 01
0.3935806 Oi

0.3916476 01
0.3848926 01
0.37831.26 01

0.3719016 01
0.3656*76 01

0.3595776 01

0.3536576 Oi
0.3478946 Oi

0.3422 84 6 01
0.3368?46 01
0.3315126 01

0.326344E Oi

0.3213386 01

0.3164*U6 Oi
0.311680F 01
0.307C63E 01
0.302577E 01

0.2982206 01

0.293990E 01
0.289884E 01
0.285900c 0.1

0.2820366 Oi

0.27829CE 01

0.27466C6 01

0.273.1446 OL
0.267741E 01

0.264448E 01

0.2612646 01
0.2581 876 01

0.2552156 01

0.2523486 01
0.2495846 01

0.246921F 01

0.2442576 01
0.2416926 01
0.239525F 01

0. 2372 53F Cl

V6RTICAL

ACC6LERATIGN

-0.2820696 Cl

-0.2790946 Cl
-0.2736466 Cl

-0.268278E Cl
-0.262989E 01

-0.257776E Cl

-0.2526386 Cl
-0.2475756 Cl
-0.242584E Cl
-0.2376656 Cl
-0.2328146 01
-0.228033E 01

-0.2233196 Cl
-0.2186706 Cl.

-0.2140866 Cl

-0.209566F 01
-0.2051086 01

-0.2007106 01

-0.1963726 Cl

-0.1920926 01

-0.1878696 Ci

-0.1337C36 Cl
-0.1795916 Ci

-O.J.75533E Cl

-0.1715276 Cl
-0.167573E Cl

-0.163669F Cl

-0.159814F 01

-0.1560C76 Cl

-0.1522476 01

-0.1485336 Cl
-0.1448646 01

-0.1412396 Cl

-0.137656F 01
-0.1341166 01
-0.1306156 Cl

-0.1271556 01
-0.1237336 Cl
-0.1203496 01

-0.1170016 Oi
-0.U36896 Cl

-0.1104126 01
-0.1O7168F. 01

-0.103958E Oi
-0.1007796 Cl
-0.9763116 00

-0.9451316 CO

-0.914242E CO
-0.8836346 CO
-0.8532986 00

-0.323224E CO

-0.7934C56 OC

-0.763831E 00

-0.734492F CO

-0.705380F CO
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0.171220F 01
0.161864F 01
0.1525646 01
0.143317F 01
0.134120b 01
0.124970E 01
0.115863F 01
0.1067966 01
0.9775665 00
0.8877106 00
0.798062F 00
0.7036926 00
0.619568E 00
0.530659E 00
0.4419346 00
0.353363E 00
0.26491 5F 00

0.1765596 00
0.882642E-01
O.OOOOOOF 00

0.264100E
0.2624716

0.260934E

0.259487E

0.2581316
0.2568646
0.255687E
0.254599E
0.253598E

0.2526876
0.2518636

0.251126E
0.250477E
0.2499156

0.249440E
0.2490516
0.248749E
0.243533F
0.248403F
0.2483606

01 0.670705E-01
01 0.6301646-01
01 0.5904976-01
01 0.5516476-C1
01 0.5135606-01
01 0.4761866-C1
01 0.4394706-C1
01 0.4033646-01
01 0.3678166-C1
01 0.3327776-C1
01 0.298200F-01
01 0.2640356-01
01 0.2302376-01
01 0.196756F-C1
01 0.163549E-C1
01 0.130568E-C1
01 0.9776826-02
01 0.6510386-02
01 0.3252946-02
01 -0.0000006 00
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-10.44

-12.00

-14.00

-16.00

-18.00

-20.00

-22.00

-24.00

-26.00

-2 8.00

-30.00
-32.00

-34.00

-36.00
-3 3.00

-40.00

-42.00

-44.00

-46.00

-43.00

-50.00

-52.00

-54.00

-56.00

-53.00

-60.00

-62.00

-64.00

-66.00

-68.00

-70.00

-72.00

-74.00

-76.00

-78.00

-30.00

-32.00

-84.00

-86.00

-88.00

-90.00

-92.00

-94.00

-96.00

-98.00

-100.00
-102.00

-104.00

-106.00

-108.00

•110.00

•1*2.00
114.00

116.00
•118.00

HORIZONTAL
VELOCITY

-J0.567465F
-0.560093E

-0.550852E
-0.5410246

-0.533002F

-0.524385E
-6.51 5968E
-6.507747E
-6.499718E
-6.4918796
-6.4842276
-0.476757F

-0.469466b
-0.462352F

-0.455412E
-0

-0

-0

-0

.4486416

'.442039 =

i»4356026

i.4?9327F
-0.4232116
-0Ul72546
-0Ull4506
-0J4057996
-0,4002986
-0J394944F
-oJ?897376

0j3846726
-0.

-0.

-0.

-0.

-0.

-0.

-0.

-0.

37974<*>E

**74965E
H03196

*658C8F

3614316

3*^71856

353071"*-
B49085P

01

01

01

01

01

01

0'

01

01

01

01

01

01
01

01

01

01

01

01

0!

01

01

01

01

01

01

01

01

01

01

01

01

01

01

0!

-0.^452256 Cl
-0.3414916

-0.3378816
-0.3^43946
-0.3310286

-0.3277816
-0.3^246536
-0.3216426

-0.3^187436
-0.31 5968E
-0.313302E
-C.3|10748E
-0.3083076

-0.3059766

-0.303755F

-0.30'644t

-0.2996406
-0.297744E
-0.2959546
-0.294270E

01.

01

01

01

Oi

01

01

01

01

01

01

0}

01

01

01

01

Oi

01

01

X/L =0.35

VERTICAL
V6LGCITY

0.596819E 01
0.587463F 01

0.575627F 01
0.5639276 01
0.552392E 01
0.540990E 01
0.5297276 01
0.5i3fa02E 01
0.507614E 01
0.496 7606 01
0.486037E 01
0.4754446 01
0.464973E 01
0.454637E 01
0.4444196 Oi

0.434322F 01
0.424343F 01
0.414480E 01
0.404731F 01
0.395093E 01
0.3855656 01
0.3761456 01
0.3668296 01
0.357616c 01
0.3485046 01
0.33 94896 01
0.330570E 01

0.3217466 01
0.313013F 01
0.304368E 01
0.2958126 01
0.287339E 01
0.2789506 01
0.2706416 01
0.262410F Oi
0.2542556 01
0.2461746 01
0.238164F 01

0.230224E 01
0.2223516 01
0.2145436 01
0.206798E 01
0.1991146" 01
0.1914886 01
0.183919E 01
0.176404F 01
0.168941F 01
0.161529F 01
0.1541646 01
0.1468456 01
0.1395696 01
0.1323356 01
0.125141F 01
0.U79836 01
0.1108616 01

HORIZONTAL

ACC6L6KATI0N

0.3284416 01
0.3351546 01
0.3310006 01

0.3269046 01
0.3228666 01
0.3188886 01
0.3149706 01
0.311112F 01
0.3073156 01

0.3035796 Cl
0.2999056 01
0.2962926 01
0.2927426 01
0.2892546 Cl
0.285e296 01
0.2824666 01.
0.2791666 01
0.2759296 01
0.272755F 01
0.269644E 01

0.2665976 01
0.26 3613F 01
0.26069XE 01
0.2578336 01
0.2550386 01
0.2523066 01
0.2496376 01
0.2470 316 01
0.2444876 01
0.2420076 01
0.2395886 01
0.227233F 01
0.2349396 01
0.2327066 01
0.2305386 01
0.2284316 01
0.2263856 01
0.2244016 Oi

0.22 24 796 01
0.2206176 01
0.218817F 01
0.2170776 01
0.215399F 01
0.213780E 01
0.2122236 01
0.210725F 01
0.2092886 01
0.2079116 01

0.2065946 01
0.2053366 01

0.204137F 01

0.2029986 01
0.2019196 01
0.2008986 01
0.1999376 01

V6RTICAL
ACC6L6RATI0N

0.2678C96 Cl
0.2630326 01
0.2570246 01
0.2511286 01
0.2453416 01
0.2396626 01
0.2340866 Cl
0.2286116 01
0.2232356 01
0.2179546 Cl
0.2127666 01
0.2076636 01
0.2026586 Ci
0.197734F 01
0.1928946 01
0.1881346 Cl
0.1834536 Cl
0.17884OE 01
0.1743186 01
0.1698606 01
0.1654736 Cl
0.1611546 01
0.1569016 01
0.1527126 01
0.1485876 01
0.1445216 01
0.1405156 Cl
0.1365666 01
0.1326726 Cl
0.1288326 01
0.1250456 Cl
0.1213076 Ci
0.1176196 01
0.1139776 Cl
0.1103826 01
0.1068316 Cl
0.1033226 Oi
0.9985456 00
0.964268E 00

0.9303756 CO
0.8968526 CO
0.8636856 CO

0.8308606 00
0.798363E 00
0.7661826 CO

0.7343C36 CO
0.7027136 00
0.671400E 00

0.6403526 CO
0.6095556 CO
0.5789976 00
0.548666E CO
0.5185506 CO
0.4386376 00
0.4589156 00



120.00 - 0.2°26926 01 0.1037736 01 0.1990346 01 0.429372E CO

122.00 -0.2912196 01 0.967147F 00 0.1981906 01 0.399998E 00

124.00 -0.289849E 01 0.8°68586 00 0.197405F 01 0.370779E CO

126.00 -0.2885836 01 0.8268386 00 0.1966786 01 0.341705E 00

12 8.00 -0.?87420F Oi 0.757O65F 00 0.1960106 01 0.3127646 00

1.30.0 0 -0.285360F 01 0.6S7519F 00 0.195401b 01 0.2839456 CC

132.00 -C.2854C2c 01. 0.61 6180*: 00 0.1948496 01 0.2552366 00

134.00 -iO.2845466 05 0.5490266 00 0.194356F 01 0.2266276 CO

V36.00 -iO. 2837 91 F 01 0.4800376 00 0.193921E 01 0.198106E 00

138.00 -|0. 2831336 01 0.4111S36 00 0.193544E 01 0.169663E 00

:». 40. o o -0.2825866 01 0.342472*= 00 0.1932256 01 0.141285E CC

142.00 -|0.2821346 01 0.27?854c 00 0.192965E Oi 0.112962F oo

1.44.00 -0.281783b 01 0.2053186 00 0.1927626 01 0.846832E-•01
146.00 -0.2815326 01 0.1368456 00 0.1926176 01 0.564372E--Cl

14F.00 -0.2813816 01 0.6841216--01 0.192530E 01 0.2821316--01

150.00 - I). 2813326 01 0.0000006 00 0.1925C1E 01 -0.0000006 CO



-l?.in

-''4.00

-16.00

-:;8.oo

-20.00

-22.00

-2 4.00

-26.00

-?8.00

--0.00

-^<r.00

-34.00

-36.00

-3 3.00
-40.00

-42.00

-44.00

-46.00

-48.00

-50.00

-52.00

-54.00

-66.00

-58.00

-60.00

-62.00

-64.00

-66.00

-68.00

-70.00

-72.CO

- 74 . 0 0

-76.00

-78.00

-80.00

-82.00

-34.00

-P6.00

-3P.00

-90.00

-92.00

-94.00

-96.00

-9R.0C

-TOO.0 0

-102. vO
-104.00

-7 06.00

-108.00
•HO. 00

•113.00

•114.00

•116.00
•' '8.00
120.00

HORIZONTAL
VFLGCITY

-0.7230396
-0|.717992F
-0.7070416
-0.6963196
-0.685825E

-6.6755536
-6.6655026
-0

-0

-0

-0

01

01

01

01

0?

01

Oi

Oi

01

01

01

01

0!

01

01

01

01

01

01

0!

01

01

01

01

01

01

01

01

01

01

01

O'i

01

01

.6556636

1.6460486

I.636640F

L6274416
-C-L61 84466
-0i,609656F
-Ol6010666
-015926736
-0i5844766
-Oi576471c
-0i*5686576
-0i56?.031F
-0J5535916
-0.5463336

-0.539257F
-0.5323596
-0.5*^56396

-0.51Q093F

-0.512720F
-G.50o517F

-0.5004836
-0.494617E
-0.48891.56

-0.f»83376E
-0.4779996
-0.47278**6

-0.4677246 Ui
-0.4628226 01
-0.4580756 01
-0.^534826 01
-0.4490416 01
-0.^447506 01.
-0.440610F 01
-0.41366176 01
-0.4^27726 01
-0.4J290726 01
-0.4^55176 Oi
-0.4l?21056 01
-0.43 3835c 0?
-0.4^57C76 01
-0.4]l. 2719: 01
-0.409t}706 01
-0.4071606 01
-0.4045886 01
-0.4021526 01
-0.3998536 01
-0.3976836 01
-0.3956586 01

X/L =0.40

V6F-TICAL
VFLGCITY

0.4072236 01
0.403613f* 01
0.3956796 01
0.3978286 01
C.3800616 01
0.372376F 01
0.3647736 01
0.357250E 01
0.3498086 01
0.342445F 01
0.3351596 01
0.3279516 01
0.320819F 01
0.313762F 01
0.306779F 01
0.299869F 01
0.2930316 01
0.286263E 01
0.2795666 01
0.2729366 01
0.266374*- 01
0.259873= 01
0.2534466 01
0.2470796 01
C.2407736 01
0.2345296 01
0.228344F 01
0.2222196 01
0.2161506 01
0.2101376 01
0.204179F 01
0.19 82 74*" 01
0.1924216 01
0.1866186 01
0.1808666 Oi
0.17516J.F 01
0.169c"026 01
0.16 38896 01
0.1583206 01
0.1527936 01
0.1473086 01
0.1418636 Oi
0.1364566 01
0.1 3i0366 01
0.1257526 01
0.1204526 Oi
0.ii5!8 5c 01
0.1099506 Oi
0.1047456 Oi
0.995694F 00
0.9442!OF 00
0.3929876 00
0.8420136 00
0.79i272F 00
0.7^07516 00

HORIZONTAL
ACCELERATION

0.2255306 01
0.2244546 01
0.2220876 01
0.2197376 01
0.2174086 01
0.2151006 01
0.2126156 01
0.2105546 01
0.2083176 01
0.206106 6 03
0.2039226 01
0.2017656 Oi
0.1996366 Oi
0.1975386 01
0.1954696 01
0.1934316 01
0.1914256 Oi
0.1894506 01
0.187509F 01
0.1856006 01
0.1637256 01
0.1818846 01
0.1800776 01
0.178305b 01
0.176569c 01
0.1748686 01
0.1732036 01
0.171574E 01
0.1699826 01
0.168427E 01
0.1o69086 01
0.16 542 66 Oi
0.16 3982 6 01
0.1625766 01
0.161207F 01
0.159875E 01
C.1585826 01
0.1573276 01
0.1561 ICE 01.
0.1549316 01
0.153790E 01
0.152688E 01
0.151624E 01
0.1505986 03
0.149611F 01

0.1436636 01
0.1477536 01
0.1468826 01
0.1460506 Oi
0.1452566 01
0.1445016 01
0.1437856 01
0.1431076 01
0.1424686 Oi
0.1418686 01.

VERTICAL
ACC6L6RATI0N

0.3143946 Cl
0.3114226 01
0.3049146 01
0.2984966 01
0.2921686 01
0.285927E Cl
0.2797706 Cl
0.2736986 Cl
0.2677086 01
0.2618006 Cl
0.2559696 01
0.2502166 01
0.244539E 01
0.238936E Cl
0.2334056 01
0.227946E 01
0.2225576 Cl
0.2172356 Cl
0.2119806 Cl
0.206789E Cl
0.201663E 01
0.1965996 01
0.191594E 01
0.186649E 0!
0.1817626 Oi
0.176931E 01
0.172155E 01
0.167432F 01
0.1627616 01
0.158141E 01
0.153570E 01
0.1490476 01
0.1445716 01
0.1401406 01
0.1357526 01
0.1.314086 01
0.1271046 01
0.122840c 01
0.1186156 01
0.1144276 Cl
0.1102756 Cl
0.106153F 01
0.102075F Cl
0.9802346 00
0.9400306 CO
0.90012 36 00
0.3605006 00
0.8211506 CO
0.7820606 00
0.7432186 00
0.7046116 CO
0.6662296 00
0.6280576 CC
0.59O085E CO
0.5523016 00



•122.00 -0.393762E 03 0.6904366 00 0.141307E 01
•124.00 -0.392000E 01 0.640315E 00 0.140784E 01
•126.00 -0.3903716 0; 0.590372E 00 0.140300E 01
•128.00 -0.388873F 0' 0.540594E 00 0.139855F. 01
130.00 -0.387507'- 01 0.490968E 00 0.1394486 01
132.0 0 -0.3862736 01 0.4414796 00 0.139081F 01
1.34.00 -0.385170F 01. 0.392114F 00 0.138752E 01
1 36.00 -0.384197F o:: 0.34285 96 00 0.138461F Oi
139.00 -0.383355r 01 0.2937006 00 0.1332106 01
140.00 -0.3826436 01 0.244624F 00 0.1379976 Oi
142.00 -0.3820606 01 0.1956176 00 0.1278226 01
14-4.00 -0.3816C8E 03 0.1466646 00 0.137687E 01
146.00 -0.381284= 01 0.977533F--01 0.137590F 01
148.00 -0.3810906 01 0.4866986--01 0.1375326 01
150.0 0 -0.3810266 01 0.000000F 00 0.137513E 01

0.5146916 00

0.4772466 00

0.4399536 00

0.4027996 00

0.3657746 CO

0.328865E 00

0.2920616 00

0.2553506 CO

0.218720E 00

0.1821616 00

0.1456596 00

0.1092046 00

0.7278316-01
0.3638576-C1

-0.0000006 00
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•124.00

•126.00

128.0 0

!30.00

•132.00

•1.34.00

•136.00

•138.00

140.00

•142.00

144.00

146.00

'48.00

150.00

-0.4565816
-0.4547346

-0.4530376

-0.^51490F

-C.450091F

-iO.4488406
-|0.4477?7F
-0.446782F

-0.445974E

-IO.4453146
-^.4448006
-0.4444346

-0.444213F

-0.4441416

01. 0.332791E 00 0.731156E 00 0.5406726 CO
01 0.3068516 00 0.7287636 OC 0.4985096 00

0? 0.280993*- 00 0.72656C6 00 0.4564836 00
01 0.2552096 00 0.724549E 00 0.4145846 00

01 0.2294946 00 0.7227286 00 0.372799F 00

01 0.2038416 00 0.7210996 00 0.3311176 00

Oi 0.178241F 00 0.71966CE 00 0.2895266 00
0? 0.15269C6 00 0.7184146 00 0.2480176 00

01 0.1271796 00 0.7173606 00 0.206575E CO

01 0.1017026 00 0.7164966 00 0.1651916 00
01 0.7625286-01 0.7158256 00 0.1238536 00

01 0.508238E-01 0.7153466 00 0.8255006-C1

01 0.2540856-01 0.7150576 00 0.4126936-01
0! O.OOOOOOF 00 0.7149626 00 -0.0000006 00
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•124.00 -0.4786506 01
•126.00 -0.476732F 01

•128.00 -0.4749706 01
•130.00 -0.4733626 01
•132.00 -0.4719086 01
134.00 I -0.4706096 0!

•136.00 -0.469463F 01
138.00 I -0.4684716 01
140.00 I -0.4676326 01
1^-2.00 -0.4669456 01
144.00 -0.4664116 01
146.00 -0.4660316 01
148.00 -0.4658026 01
•150.00 -0.4657266 01

0.2719286-05
0.2507376-05

0.2296126-05

0.2085476-05

0.1875366-05

0.1665756-05

0.1456576-05
0.1247786-05

0.1039316-05

0.8311226-06
0.6231506-06
0.4153426-06

0.2076446-06
O.OOOOOOF 00

0.5972826-05
0.5953626-05

0.5935946-05

0.5919806-05

0.5905186-05

0.5892106-05

0.5880556-05

0.5870556-05

0.5862C66-05

0.5855156-05
0.5849766-05

0.5645916-05

0.5843596-05

0.5842836-05

0.5616226 00
0.5178556 00

0.4742256 00
0.4307186 00
0.3873246 00

0.3440326 00
0.3008306 00

0.2577076 00

0.2146526 CO

0.1716546 CO
0.1287016 00
0.8578196-01
0.4288536-01

-0.0000006 00
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III. CNOIDAL WAVE THEORY

Thi

cnoidal

1. General Comment

s program calculates values describing water particle motion using

wave theory. This wave theory is applicable over a range of

1/50 < d/L < 1/10.

To use the cnoidal wave theory it is necessary to compute the complete

elliptic integral of the first kind, K(k), the complete elliptic integral

of the second kind, E(k), and the Jacobian elliptic functions sn, en, and dn

This program generates all of these values.

Values of water particle velocity and acceleration are calculated

for givem depth increments at different positions along a wave.

This program has no limitations, however, this wave theory should just

be used over a range of d/L values specified above, otherwise the derived

values may be erroneous. An iterative process is used to solve for the

wavelength and the wave period.

Characteristics of the wave which are needed for this program are

wave height, water depth, and either wavelength or wave period.

2. Program Description

M<u,n VKognam

Purpose: Using Cnoidal Wave theory the following values are calculated

1. Wave length or wave period.

2. Wave velocity.

3. Water particle velocities at varying depths and at equally

spaced cross-sections along the wave.

4. Water particle accelerations at varying depths and at equally

spaced cross-sections along the wave.



These values are claculated from the upper limit of d/L of 1/10 where modulus

k -*• 0 to where k is approximately 0.95. For k values higher (approaching

Solitary wave theory) the Subroutine SOLVEK is used.

Equations: For the generation of the complete elliptic integral of

the first kind, K(k), and the complete elliptic integral of

the second kind, E(k), the following series were used:

K(k) =f [1 +(\)2 k2 +(^)2 k4 +(^)2 k6 +...]

E(k) =£ [1 - 0?) k2 I2 Ir4 I2.*2 fi

2*^-4^ J 2-4-6^ 5

, 32-52-72 , k8
" 22.42.62.82) 7 ...]

K(k') =t[i +d)2 k'2 +(^)2 k'4 +(^)2 k'6 +...]
2-4-6'

where

•v 1 - k'

Now several of the wave characteristics may be calculated.

L-!jj(- • k-K(k)

Y„ =1S|_ { K(k) [K(k) - E(k)] } +d
3L'

Yt " Yc - H

C = >&[ [i +YL ijr \ W



To compute the wave profile, the Jacobian elliptic function en is generated

from the following series:

s=0° >s + h

s=0 i +QJ
2n ^T° QS +h , r(2s +lUu)n

where

u=2K(k) (£ - £)

The othdr Jacobian elliptic functions can now be calculated.

eh

dn

snz (u) =1 - err (u)

dn2 (u) =1 - k2sn2(u)

When k •+ 1 their values can be approximated by the following expressions

2
n(u) =tanh(u) +&X- sech2 (u) [sinh(u)cosh(u) -u]

*\2(u) =sech(u) -^X- tanh(u)sech(u)- [sinh(u)cosh(u) -u]

.\2
(u) «sech(u) +&X- tanh(u)sech(u) [sinh(u) cosh(u) +u]

4

The wave profile can now be computed

Horizontal velocity

2
3Y, " c

ys =yt +Hen (u)

10

YJr

[-k2 sn2(u)cn2(u) +cn2(u)dn2(u) - sn2(u)dn2(u)] }

Veirtical velocity

V=Vfld" {ŷ L [1 +Jt +Jcn2(u) +m$L (d2 . f. {K2sn2(u)
- k2 cn2(u) - dn2(u))] sn(u) cn(u) dn(u)}



Horizontal acceleration

lU =VST 4HKW r(i. It) . iL, cn2(u)
8t vga Td Ll2 W 2d cn w

+3§mL (d! . yZ, (k2sn2(u)

- k2 cn2(u) - dn2(u))] sn(u) dn(u) cn(u)

Vertical acceleration

aV

- cn2(u) dn2(u) +k2 sn2(u) cn2(u)]

SubAoat&ie Solvck

+g-[3sn2(u) dn2(u) - cn2(u) dn2(u)

+k2 sn2(u)] en2(u) - *Kfcl! (d2 -£)
7

3L

[9k2 sn2(u) cn2(u) dn2(u) - k2 sn4Cu)

.2 2 2 4, x,,,2 2,(kc crT(u) + drT(u)) + r crT(u)(r snc(u)

+dn2(u)) +dn4(u)]}

Purjpose: To solve for values of the modulus, k, K(k), E(k), and wave

length, L, or wave period, T, when k -* 1.

Equations:

K(k) =G+Ul k.2 +|_ (G 7} k,4 + 25 (G . 37, k,6 + _
64 256 30

E(k) • 1+\ (G - \) k'2 +fj- (G - •]§) k»4 +-ajfg. (G - |) k'6 +.
where

G=ln(4)

11



Symbol

y

C

en

d

dn

E(k)

H

k

k'

K(k)

K(k)'

L

sn

T

u

6. Notation

FORTRAN

Name

AX

AY

CEL

CN1

D

DN1

EIE

H

TK

TKP

EIK

EIKP

WL

SN1

T

U

V

YC

YT

12

Description

water particle acceleration
in the horizontal direction

water particle acceleration
in the vertical direction

wave speed

Jacobian elliptic function

water depth

Jacobian elliptic function

complete elliptic integral
of the second kind

wave height

elliptic modulus

complementary elliptic modulus

complete elliptic integral
of the first kind

complementary complete ellip
tic integral of the first kind

wavelength

Jacobian elliptic integral

wave period

water particle velocity in
the horizontal direction

water particle velocity in
the vertical direction

height of wave crest above
bottom

height of wave trough
above bottom
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2

3

4

5

6

7

8

9

10

11

12

13

14

15

161

17

\Q

19

20

21

22

23

24

25

26

27

28

//SWATFIVX

C

JOB (341T1?15-C ,#40,006, ),»

DAL WAVE THEORY

CM MCCLENAN

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

c

c

c

c

c

c

c

c

c

c

c

c

c

CNOI

IF WAVELENGTH,WAVE HEIGHT! AND DEPTH ARE GIVEN, NUM=1
IF WAVE PERIOD, WAVE HEIGHT, ANO DEPTH ARE GIVEN* NUM=2
NPRIf-T,X,XT,WLSAVE,T,EIK,EIE,SYMBOLsXK9TK.PS=0
T=WAVE PERIOD
H-WAVE HEIGHT

D=WATER DEPTH

DEPINC=DEPTH INCREMENTATION DESIRED (SHOULD BE
XHEAD, YHEAD,AND TITLE ARE THE HEADIMGS OF THE
TITLE OF EACH GRAPH
WL=WAWELENGTH

CEL=wL*WE SPEED
YC=HEIGHT OF

YT=HEDGHT OF

XDL=DiISTANCE
TDT=D

U=HOR

V=VERTICAL VELOCITY OF A PARTICLE AT DISTANCE Y
AX=HOR

BOTTOM

AZ=VEF;TICAL ACCELERATION OF A PARTICLE A7 DISTANCE Y FROM THE
BOTTOM

K=ELLIPTIC MODULUS

K(K)=C0MPLETE ELLIPTIC INTEGRAL
E(K)=COMPLETE ELLIPTIC INTEGRAL
SN,CN9 AND DN=JACOBIAN ELLIPTIC

STANCE

ZONTAL

WAVE CREST FROM BOTTOM
WAVE TROUGH FROM BOTTOM

ALONG WAVE IN LENGTH
ALONG WAVE IN TIME

VELOCITY OF A PARTICLE AT

AN INTEGER)

X~AXIS*Y-AXIS9

DISTANCE V FROM THE BOTTOM
FROM THE BOTTOM

IZONTAL ACCELERATION OF A PARTICLE AT DISTANC Y FROM THE

OF THE FIRST KIND

OF THE SECOND KIND

FUNCTIONS

ION UP(999) ,VP(999> ,AXPC999) *A7.P (9991 ,YSP«505,XHEADi5 *» 9YHEAD
l*L E(10),XHEADA(5),KHEADB(5),XHEADC(5 J9XHEADD(53,YHEADA{5),YH
),YHEADC(5},YHEADD(5)3TITL£AU0) jTITLEBQOJ ,TITLECU0)9TIT» E
/P(999)9XDLP(50)9NAME(20,20)
,101MXHEAD ( l),l=l,5)
>101MXHEADA(I),1-1,5)

,1=1,5)
,1=1,51

,1=1,55
9S=*1,5)
,1=1,55

,I-*X,5)
,1*1,5)
*7.=1,5)

,1*1,10)

DIMENS

1(5), TI

2EADB(5

30(10),
READ(5

READ(5

READ(5

READ(5

READ(5

REA0(5

READ(5

READ(5

READ(5

10U(XHEADB( I)
101MXHEADCCI)
101)(XHEADD(I)
101)(YHEAD (I)

J101MYHEADA( I)
lOlHYHEADB(I)
101)(YHEADC(I)

READ(5,101)(YHEADD(I)
READ(5,101MTITLE (I)
READ(5, 101)(TITLEAU),I=1,10)
READ(5,PL01)(TITLEB(I>9I«I
READC5,
READ(5,
READ(5,

,10)
L01)<TITLEC(I),I=-1,10>
L018(TITLED(I)5I=1p10)

99)NUM,NPRINT,X,XT,WLSAVE,T,EIK,EIE,SYMBOL,XK,TKPS
IF(NUM

IF(NUM

IF(NUM

WL= 8

SAVE=0

TK=1.0

G=32.2

PI=3.14U
C=WL**2
SUM=0.0
A = 1.0

:Q«1IREAD(5,100IWL,H»D,DEP!NC
Q.2)REA0(5,100)T»H,D,DEPINC
QoDGO TO 1
*SQRT(D*D*D/H)

*H/D**3,

F 952



29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

DO 10 N=l,99,2
IF(A.LT.olE-35)GO TO 11
0=N j
EIK=((i0/(0«-l) )**2)*(TK**?)*A
SUM=SUM+EIK

10 A=EIK I
11 EIK=(PI/2.)*(i„*SUM)

DI FF=Clj-((16./3.)*(TK**2>*(EIK**2)»
IF(ABS(DIFF).LT.0o001)G0 TO 20

15 IF(DIFF)16,20,17
16 X=TK |

TK=(TK*SAVE)/2.
GO TO 5

17 SAVE=TI$

im(Xft0,r°!fALL S0LVEKtNUM,WL,H,D„WLSAVE,T,eiK9EIE,TKPS,XK?YC,YT7
IF(X*Eq.OoO)GO TO 180
TK=(X+T^)/2.
GO TO 5

20 SUM=0.0
A=1.0 I
DO 30 Nj=2,98,2
IF(AoLTL.1E-35)G0 TO 31
0=N |
EIE=(((0-1)/0)**2.)*TK*TK*A^{0-i)
SUM=SUMJ-EIE

30 A=EIE*(0-1 )
3! EIE=(PI/2. )*(1.4-SUM)

YC =((16i/{ 3o*C))*H*(ElK*(E!K-EIE))UD
YT=YC-H|
CEL=(SQRT(G*YT))*(l+((H/(YT*(TK*TK))5*1»5-iEIF/ESK ) ) ) »
IF(NUM.EiQ.l)GO TO 180
TT=WL/Cf*JL
TDIFF=T-|TT
IF(ABS(T|DIFF).LToOo01) GO TO 190
IF(T0IFF)18,190,19

18 XT=WL |
WL=(WL+WLSAVE)/2
GO TO 1

19 WLSAVE=WL

IF(XToEQlo.O)CALL S0LVEK(NUM,T,H,D,WLSAVE5T,EIK,EIE,TKP*,XK.Yr,YT
1,CEL,WL,XT,TK) ' "'*

IF(XK.GTi0„0)G0 TO 190
WL=(WL + XT)/2<
GO TO 1

180 T=WL/CEL
190 TK2=TK*TI

WRITE(6,200) WL,H,0,YC,YT,CEL,T,TK2,EIK,FT E
IF(XKoGT.OoO)GO TO 55
A = 1.0

SUM=0.0

TKP=SQRT(iU-TK**2o)
DO 50 N=ll99,2
IF(AoLT..lE-35)G0 TO 51
0=N |
EIKP=((0/J 0+1))**2)*(TKP**2)*A
SUM=SUM-»-EiKP

50 A=EIKP |
51 EIKP=(PI/2.)*(1.+SUM)

Q=2.718282>*(-PI*EIKP/EIKl
55 XDL=0.0



88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108
109

110

111

112

113

114

115

116

117

118

119

120

121

122
123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

60

61

65

TDT=0.0

L = 0

DO 70 MM=1,11
IF(XK.GT.0o0)G0 TO 65
SUM=6.0
DO 60 N=l,20
S=N-li
THETA|=(2.*Sn<> )*PI*(XDL~TDT>
C Nl = (iQ** (S+o 5 ) )»C0SC THETA ) / (I
IF(CN!!.LT..1E-35)G0 TO 61
SUM=SUM+CN1

CN1=(2.*PI/(TK*EIK))*SUM
CN2=CN1*CN1

SN2*ll»-CN2
DN2=lL-TK*TK*SN2
GO T0|66
XU=2.?EIK*(XDL-TDT)
SN2=(TANH(XU)+.25*TKPS/COSH(XU)*
CN2=(i./COSH(XU)-.2 5*TKPS*TANH«X

1)**2.1
0N2= (1 o/CO SH( XU )+,2 5*TKP S*TANH ( XUS /COSH '. XU 3'"•{SI NH i XU

1)**2. |
66 IF(SN2.LT..1E-20)SN2=0o0

IF(CN2.LTo.lE-20)CN2=0«>0
IF (DN2.LT. .1E-20)DN2=0.0
YS*=H*qN2*YT
YSP(MM)=YS

{Q*-M2»*S*lo ) • ?

*2.*iSINH(XU?*C0SHiXU)-XU5)

U)/CQSHiXUl<*(SINH(XU
**2c

XU)-XU)J*COSH<

)«C05H(XU)+XU)

CU=SQRT(G*D)

CU1 = (|-lo2 5)*Kl«5*YT/D)-( o25-YT*Y7/ (D*D) Jv( I ' 1. 5->H/D >-•( »5*YT*H/( D#
ID) ) )*CN2)-(o25*H*H*CN2*CN2/(D>*s0)
CU2=-8j»*H*EIK*EIK/( WL*WL)
CU3=(-TK2*SN2*CN2)+(CN2*DN2)-:SN
C V=(SQ RT(G*0* S N2 *C N2*D N2))* 2 o*H*
CV1=1.1MYT/D)*MH*CN2/D)
CV2=(32.*EIK*EIK/(3o*WL*WU )*( (T
CAX=(SQRT(G*D*SN2*CN2*0N2)}*4.*H
CAXl=(io5-(.5*YT/D))-(05*H*CN2/D
CAX2 =(i6.*EIK*E!K/(WL*lriL5 )*((TK2
CAZ=(S^RT(G*D))*4«*H*£IK*EIK/{WL
CAZl=(io-M YT/D) )*((SN2*DN2)~JCM2
CAZ2=h4cN2*<{3.*SN2*DN2)-(CN2*DN
CAZ3=(-p20 *EIK*EIK/(3„*WL*WL ; ?*{

l)*((TK2*CN2a5+DN2) )«-( (TK2*CN2*CN;>
1-CN2)))

WRITE(6,300)XDL
YI=YS/DEPINC
I=YH-2

M=I-1

DO 40 N

K=N-1 I
Y=0EPINC*(M-K)

IF(KoEQ|„0)Y=YS
U= CU*(CUH-(CU2*CU3*((D/3*)-(.5*Y
V=(CV*Y}*(CVl-MCV2sM(D*Dt'~<»5*Y*
AX=CAX*(CAXl4-(CAX2*< (0*0/3* i-' Y*
AZ = (Y*CAZ)*iCAZl-e-CAZ2*<CAZ_~iM(D*
L*L+1

UP(L)=U

VP(L)=V

AXP(L)=AX
AZP(L)=AZ

"1 c I

2*"ON2 i

EIK/(WL*Di

K2*SN2 5~(TK2*CN23-DN2)
*EIK/fT*03

I

*SN2J-'VK2*CN2*-ON2)
*T*Di

*0N2) <• ' TK2 *SN2*CN2 5 J
2t <-(TX2*SN2) )/D

'. 9 o-:=TK;> \S!\2^CN2^0N2 )- < < TK2*

3* ( i! TK2*SN2 I +DN2 ))M( 0N2*0N

*Y/D»)?)
Y ) f } }

V.».)))
D)--(.5#Y*Y" ) } )

SN2*SN2

2 5»MSN2



144

145

146

147

148

149

150

151

152

153

154

155

156

15 7

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

YP(L)=Y
40 WRITE(6,400)Y,U

XDLP(MM)=XDL
70 XDL=X0L+0.05

NM=1J

CALL GRAPH(UP,Y
CALL GRAPH(VP,Y

CALL GRAPH(AXP,
CALL g|RAPH(AZP,
CALL qRAPH(XDLP
F0RMAT[(2Ii,20F2
F0RMAT(8F10.4)

,V,AX,AZ

P,L,SYMBOL,XHEA
P,L,SYMBOL,XHEA
YP,L^SYMBOL,XHE
YP,L,SYMBOL,XHE
,YSP,NM,SYMBOL,
.1)

D,VrEAD,TITLE,NPRINT)
0A,YHEADAs7!ILEA,NPRINT )
ADB,VHEADB,TITLEB,NPRINT >
ADC,YHkAOC-TITLcC,NPRINT)
XHEADO,YHEACD,TITLED,NPRINTI

99

100

101

200

F0RMAT(10A4)

FORMATdHl,////
l///////,T50,«WA
2F10.3t///,T50,°
3F10.3,///,T50,»
4F10.3,!///9T50,«
SFlOoSj/Z/.TSO,1
6F10.3)|

300 FORMAT!1H1 ,T60,
1TICAL%T76,«H0R
2ITYST75, 'ACCEL

400 FORMAT(T26,F13.
STOP

END

///,T45,-VALUES

VE LENGTH *•,

WATER DEPTH

YT

WAVE PERIOD

K(K)

DERIVED USING CNOIDAL WAVE THEORY8,

F10.3,///,T50,»WAVE HEIGHT =«,
4WF10.3,///,T50,-YC =0S

•,FJ.0.3,///,T50,«WAVE CELERITY = -,
= -,F10*3,///,T50,°K**2
=•-* 9rl0o3*///,T50,8E(K)

= "

/) ,T36,"YJ,T44,«HORIZONTAL6,T60,«VER
ERTICAL9,/?T45,°VELOCITY5,T60,8VELOC
CC EL ERATION9 ,•/)

•X/L =°,F4,2»3<
I ZONTAL %T93P'V

ERATION- ,T9i,--A
2,4FX6.,6S

SUBROUTINE SOLVEMNUM,DUM,H,D
1WL,XT,TK)

XK-1.0

IF(NUM<iEQol)WL=OUM
IF(NUMiEQo2)T=DUM
IF(NUMiEQ»l)GO TO 1
WL =2O0.*SQRT(D*D*D/Hl

1 SAVE=.lE-75
X=.2
PI=3.1416

C=WL*Wll*H/(D*D*D)
TK2=lo6
TKPS = 1.199

5 TKP=SQRT(TKPS)
G=AL0G^4./TKP)
EIK=G+(G-l.)*TKPS/4.

IF(TKPS.LT..1E-36)G0 TO 10

EIK*EIkU(G-7./6.>)*9.*TKPS*TKPS/64.
IF(TKPS.LT..1E-24)G0 TO 10

EIKaEIK|«»-(G-37o/30o)*25.*TKPS*T,<PS*TKPS/256o
10 TK2-1.-TKPS

DIFF=C-l6.*TK2*EIK*EIK/3o

IF(ABS(DIFF)oLTo.l)G0 TO 25

IF(DIFF)15,25,20
15 SAVE=TKPS

TKPS=lol**((ALOG10(TKPSKALOG10(X))/2* >
GO TO 5

20 X=TKPS

TKPS=10.**((AL0G10(TKPSS+ALCG10?SAVE)J/2.?
GO TO 5|

25 EIE=l.+l5*(G-o5)*TKPS
IF(TKPS,LToalE-36)G0 TO 30

EIE=EIEk3./16.*(G-13./l2o)*TKPS*7KPS
IF(TKPS|,LTo.lE-24)G0 TO 30

WLSAV£,T,E?'K,EIE,TKPS,XK,YC,YT,CEL,



195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

22 5

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

30

18

19

180

190

EIE=ElE-J-15./128.*(G-6./5.)*TKPS*TKPS*TKPS
YC=((16./(3.*C))*H*(EIK*(EIK-EIE)))*D
YT=YC-H

cel=(sqrt(g*yt))*(1+((h/(yt*(tk*tk)))*(.5-(eie/eik))))
if(num.eq.1)g0 to 180

tt=w'l/cel
tdif|f=t-tt
if(abs(tdiff).lt.0.01) go to 190
IF(TpIFF)18,190,19
XT = WL

WL=(WL*WLSAVE)/2.
GO TD 1

WLSAVE=WL

WL=(f<L+XT)/2.
GO TO 1
T=WL/CEL
RETURN

END I

SUBROUTINE GRAPH(DATAX,DATAY,I,SYMBOL,XHEAD,YHEAO,TITLE,NPRINT)
DIMENSION DATAXU >,DATAY(I)
DIMENSION PL0TU22,52),YSCALE(6),XSCALE<7) ,XHEAD( 5 ), YHEAD(5 )
DIMENSION TITLE(IO)

DATA |AST,BLANK,YAXIS,XAXIS,POINT,A,B,C,D,E/')*• ,•
l'S'tlAS'S'.'C't'OS'E'/

SAVSYM=SYMBOL

IF(SVMBOL.EQ.O.O) SYMB0L=AST
IF(NRRINT.EQ.2.0R.NPRINT.EQ.3) GO TO 190
XMAX=DATAX(1)

XMIN=XMAX

DO 180 K=2,I
IF(DATAX(K) .GT.XMAX)
IF(DATAX(K) .LT„XMIN>

180 CONTINUE

190 CONTINUE

YMAX=DATAY(1)
YMIN=|fMAX
DO 10| K=2,I
IF(DAjTAY(K) .GT.YMAX)
IF(DAyAY(K) .LT.YMIN)

10 CONTINUE

IF(XMAX.LE.XMIN.OR.YMAX.LE.YMIN) GO TO 9998
IF(NPRINT.EQ.2.0R.NPRINT.EQ.3) GO TO 200
CALL SIGNIF(XMIN,2,SCALE,SIGX,N)
IF(SIGX.LT.O.O) NSIGX=SIGX-9.5
IF(SIGX.GE.O.O) NSIGX=SIGX+9.5
SIGX=NSIGX/10*10
XBOT=SIGX*(SCALE**(N+l)/SCALE)
XRANGE=XMAX-XBOT

CALL ^IGNIF(XRANGE,2,SCALE,SIGX,N)
NSIG=(jSIGX-»-5.500)/6.0
XRANG6=NSIG*6

XRANGi=XRANGE*(SCALE**(N+l)/SCALE)
XTOP=XBOT+XRANGE

CALL s|lGNIF(YMINf2,SCALE,SIGY,N)
IF(SIGiY.LT.O.O) NSIGY=SIGY-9.5
IF(SIGY.GE.O.O) NSIGY=SIGY+9.5
SIGY=NSIGY/10*10

YB0T=SIGY*(SCALE**(N+1)/SCALE)
YRANGE=YMAX-YBOT

CALL SIGNIF(YRANGE,2,SCALE,SIGY,N)

XMAX=OATAX(K)
XMIN=DATAX(K)

YMAX=DATAY(K)

YMIN-DATAY(K)



254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

NSIG=(SIGY*J-4.500)/5.0
YRANGE=NSIG*5

YRANGE=:YRANGE*( SCALE**(N+l)/SCALE)
YT0P=YB0T+YRANGE

200 CONTINUE

IF(NPRINT.EQ.2.0R.NPRINT.EQ.3) GO TO
DO 20 M=2,122
DO 30| K=-l,51
PLOT(M,K)=BLANK

30 CONTINUE
20 CONTINUE

DO 40| M=l,51
PL0T(1,M)=YAXIS

40 CONTINUE
00 50|m=1,122
PLOT(M,52)=XAXIS

50 CONTINUE

DO 100 L=2,122,20
PL0T(li,52)=YAXIS

100 CONTINUE
DO 110 L=l,51,10
PLOT(lj,L)*XAXIS

110 CONTINUE

XSCALEJ(1)=XB0T
XSCALE(7)=XT0P
DO 120 L«2,6
X-L-l

XSCALE(L)=XB0T*X*XRANGE/6.0
120 CONTINUE

YSCALE(6)=YB0T
DO 130 L-1,5
X = 6-L

YSCALE(L)-YB0T+X*YRANGE/5.0
130 CONTINUE
160 CONTINUE

DO 60 J=1,I
SYM=SYMBOL
X1=DATAX(J)-XB0T
X2=X1/XRANGE
JX=X2*li20.0+2.5
IFUX.LJT.2) GO TO 900
IFUX.GT.122) GO TO 901

70 Y1=DATA|Y(J)-YB0T
Y2=Y1/YRANGE

JY=51.5|-(Y2*50.0)
IF(JY.LfT.l) GO TO 903
IFUY.GT.51) GO TO 902

80 PLOT(JX^JY)*SYM
GO TO 60

JX=2 |
SYM=POINT
GO TO

JX=122

SYM=POINT
GO TO 70

JY=5l |
SYM=POINT

900

901

902

903

ii

GO TO 80
JY=1

SYM=POINt
GO TO 80

160



315

316

317

318

319

3?0

321

322

323

324

32 5

32 6

3?7

328

329

330

331

332

333
3*4

335

336
337

338

339

140

341

342

343

344

345

346

347

348

349

350

351.

3S?

353

^54

?^5

356

357

•^58

359

360

361

36 2

363

364

365

366

367

368

369

370

60

50?

500

150

140

504

505-

CONTINUE

IF(NPRINT.EQ.1.0R.NPRINT.EQ.2) GO TO 170
WRITC(6t5oi)

FIOPMATUHl )
l;inf=i
DO 140 M=l,5
L|ST0P=LINe+9
WPITF(6,500) (PL0T(K,LINE),K=1,122),YSCALE(M)
FpPMAT(UX,122Al,T2,F10.5)
LJNF=LINE+1
Dp ISO J=LINE,LSTOP
WpITE(6,500) (PL0T(K,J)fK=l,122)
CONTINUE
LINE=LINE+9

CONTINUE

Wlj>.ITF<6,500)
W<JUTE<6,500)
WRITF(6,504)

(PLOT(K,51),K=l,122) ,YSCALE(6)
(PL0T(K,52),K=l,122)
(XSCALE(K),K=1,7)

FII)RMAT(8X,6(F10.5 ,1 OX),TI24,F10.5)
WRITF(6,505) XHEAD,YHEAD
eORMAT(/,40X,'HORIZONTAL AXIS - ',5A4,/f

1 J 4?X,'VERTICAL AXIS - »,5A4)
WRITF(6,506) TITLE

FCJRMAT(/,T48,5A4,/,T48,5A4,/,1HI)
CONTINUE

SYJMBOL=SAVSYM
RFjTUPN
CONTINUE
WR

506

170

999B

50?
ITC(6,502)

FORMATdHl ,10X,'MAX X
SYMBOL=SAVSYM
RFTUPN

END

OR Y VALUE EQUALS MIN VALUE',/////)

30

10

'0

40

SUBROUTINE SIGNIF(VALUE,NUMB,SCALE,SIG,N)
HIGH=10.0**NUM8
SC^VLF=0.1**NUMB
BSCALE=10.0

IFJ(ABS(VALUE).GE.1.0) GC TO 30
SCALE=10.0**NUM8
BSC*LF=0.1
M=6
IfUb<;( VALUE). GE. 1.0. AND. ABS( VALUE ).LT. HIGH) GO TO 20
00 10 M=l,25

VALUE=VALUF*SCALE

If|aBS(VALUF).GE.KO. AND. ABS (VALUE ). LT. HIGH) GO TO 20
CONTINUE

N=<jl*NUMB
NVALUE=VALUE

SCALF=BSCALE
IFfNUMB.LT.2)
IF( ABS(VALUE)

GO

GE,

TO 40

10.0)

NVALUE=10.0*VALUE
IF(SCALE.LT.l.O) N=N+1
IF(SCALE.GE.l.O) N=N-1
SIG=NVALUE
P.F. TURN

END

GO TO 40

//$OATA



VALUES DERIVED USING CNOIDAL WAVE THEORY

WAVE LENGTH = 394.000

WAVE HEIGHT = 25.000

WATER DEPTH * 50.000

YC = 65.800

YT = 40.800

WAVE CELERITY = 37.864

WAVE PERIOD * 10.406

K**2 s 0.894

K(K) = 2.551

E(K) = U109
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11.00 0.647609E 01

10.00 0.640543E 01

9.00 0.634150E 01

8.00 0.628429E 01

7.00 0.623382E 01

6.00 0.619008E 01

5.00

4.00

0.615307E 01

0.612279E 01

3.00 0.609923E 01

2.00 0.608241E 01

1.00 0.607232E 01
0.00 0.606894E 01

0.403929E-02

0.354095E-02

0.308007E-02

0.265292E-02

0.225574E-02

0.188478E-02

0.153630E-02

0.120656E-02

0.891804E-03

0.588292E-03

0.292273E-03

O.OOOOOOE 00

-0.706346E-02

-0.100427E-01

-0.127381E-01

-0.151499E-01

-0.172779E-01

-0.191221E-01

-0.206827E-01

-0.219594E-01

-0.229525E-01

-0.236618E-01

-0.240874E-01

-0.242293E-01

-0.308441E 01

-0.280337E 01

-0.252252E 01

-0.224184E 01

-0.196129E 01

-0.168087E 01

-0.140056E 01
-0.112034E 01

-0.840193E 00

-0.560098E 00

-0.280040E 00

O.OOOOOOE 00



64.24

64.00

63.00
62.00

61.00

60.00

59.00

58.00

57. 00

56.00

55.00

54.00

53.00

52.00

51.00
50.00

49.00

48.00

47.00

46.00

45.00|
44.00

43.00

42.00

41.001
40.00
39.00

38.0

37.0

36.00'
35.00

34.00

33.00

32.00

31.00
30.00

29.00

28.00

27.00

26.00

25.00

24.00

23.00

22.00

21.00

20.00

19.00

18.00

17.00

16.00

15.00
14.00

13.00

12.00

11.00

HORIZONTAL

VELOCITY

0.170151E 02

0.169361E 02
0.166055E 02

0.162800E 02

0.159598E 02

0.156448E 02
0.153350E 02

0.150304E 02

0.147310E 02
0.144368E 02

0.141479E 02
0.138641E 02

0.135855E 02

0.133122E 02
0.130440E 02

0.127811E 02
0.125233E 02

0.122708E 02
0.120235E 02

0.117813E 02

0.115444E 02
0.113127E 02

0.110862E 02

0.108649E 02

0.106489E 02

0.104380E 02

0.102323E 02
0.100318E 02

0.983659E 01

0.964654E 01
0.946170E 01

0.928206E 01

0.910764E 01
0.893841E 01

0.877440E 01

0.861559E 01
0.846199E 01
0.831359E 01

0.817041E 01
0.803243E 01

0.789965E 01

0.777209E 01
0.764972E 01
0.753257E 01

0.742062E 01
0.731388E 01
0.721235E 01

0.711602E 01
0.702490E 01

0.693899E 01
0.685828E 01
0.678279E 01

0.671249E 01

0.664741E 01

0.658753E 01

X/L =0.05

VERTICAL

VELOCITY

0.764608E 01

0.757210E 01
0.726495E 01

0.696672E 01

0.667727E 01

0.639646E 01
0.612414E 01

0.586018E 01

0.560444E 01

0.535676E 01

0.511702E 01

0.488506E 01
0.466075E 01

0.444395E 01

0.423451E 01
0.403229E 01

0.383716E 01
0.364896E 01

0.346756E 01

0.329281E 01

0.312458E 01
0.296272E 01

0.280709E 01

0.265755E 01

0.251396E 01

0.237618E 01
0.224406E 01

0.211746E 01

0.199624E 01

0.188026E 01

0.176938E 01

0.166346E 01

0.156235E 01

0.146592E 01
0.137401E 01
0.128650E 01

0.120323E 01
0.112408E 01

0.104888E 01
0.977511E 00
0.909822E 00

0.845674E 00

0.784924E 00
0.727431E 00
0.673054E 00

0.621650E 00
0.573079E 00

0.527199E 00
0.483867E 00

0.442942E 00

0.404284E 00

0.367749E 00

0.333197E 00

0.300486E 00
0.269474E 00

HORIZONTAL

ACCELERATION

0.216264E 02

0.214638E 02

0.207828E 02
0.201126E 02

0.194531E 02

0.188043E 02

0.181662E 02

0.175389E 02

0.169223E 02

0.163164E 02

0.157212E 02
0.151368E 02

0.145631E 02

0.140001E 02
0.134478E 02

0.129062E 02

0.123754E 02

0.118553E 02

0.113459E 02

0.108473E 02

0.103593E 02

0.988212E 01

0.941564E 01

0.895987E 01
0.851484E 01

0.808052E 01
0.765693E 01
0.724407E 01

0.684193E 01

0.645051E 01

0.606982E 01

0.569985E 01

0.534060E 01

0.499208E 01
0.465428E 01

0.432720E 01

0.401085E 01
0.370522E 01

0.341032E 01
0.312614E 01

0.285268E 01

0.258995E 01

0.233794E 01

0.209666E 01

0.186610E 01
0.164626E 01

0.143715E 01

0.123876E 01

0.105109E 01
0.874147E 00

0.707929E 00

0.552434E 00

0.407663E 00

0.273616E 00

0.150292E 00

VERTICAL

ACCELERATION

-0.147129E 02

-0.146833E 02

-0.145554E 02

-0.144227E 02
-0.142852E 02

-0.141432E 02
-0.139965E 02

-0.138454E 02

-0.136898E 02
-0.135299E 02

-0.133658E 02

-0.131974E 02

-0.13O25OE 02

-0.128485E 02

-0.126680E 02

-0.124837E C2

-0.122956E 02

-0.121037E 02

-0.119082E 02

-0.117091E 02

-0.115065E 02

-0.113005E 02

-0.110911E 02

-0.108785E 02

-0.106626E 02

-0.104437E 02

-0.102217E 02

-0.999669E 01

-0.976882E 01

-0.953814E 01
-0.930472E 01

-0.906863E 01

-0.882996E 01
-0.858877E 01

-0.834515E 01

-0.809916E 01

-0.785089E 01
-0.760042E 01

-0.734782E 01

-0.709316E 01

-0.683652E 01

-0.657798E 01

-0.631761E 01

-0.605549E 01

-0.579170E 01

-0.552630E 01

-0.525939E 01

-0.499103E 01

-0.472130E 01

-0.445027E 01

-0.417803E 01

-0.390464E 01

-0.363019E 01

-0.335475E 01

-0.307840E 01



10.00 0.653286E 01
9.00 0.648339E 01
8.00 0.643914E 01
7.00 0.640008E 01

6.00 0.636624E 01

5.00 0.633760E 01
4.00 0.631417E 01

3.00 0.629595E 01

2.00 0.628293E 01
1.00 0.6275126 01

0.00 0.627252E 01

0.240021E 00

0.211983E 00

0.185219E 00
0.159588E 00

0.134949E 00

0.111160E 00
0.880781E-01

0.655630E-01

0.434726E-01

0.216655E-01

O.OOOOOOE 00

0.376925E-01
•0.641835E-01

•0.155336E 00

-0.235764E 00

•0.305468E 00

•0.364449E 00

•0.412706E 00

•0.450239E 00

•0.477049E 00

•0.493135E 00
•0.498496E 00

-0.280121E 01
-0.252326E 01

-0.224462E 01

-0.196538E 01

-0.168560E 01

-0.140536E 01

-0.112475E 01

-0.843826E 00

-0.562678E 00

-0.281377E CO
O.OOOOOOE 00
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6.00 0.621451E 01

5.00 0.620351E 01

4.00 0.619451E 01

3.00 0.618751E 01

2.00 0.618250E 01

1.00 0.617950E 01
0.00 0.617850E 01

0.438281E 00

0.363686E 00

0.289936E 00
0.216861E 00

0.144293E 00

0.720618E-01
O.OOOOOOE 00

0.145215E 01
0.138181E 01

0.132427E 01
0.127951E 01

0.124754E 01

0.122836E 01

0.122197E 01

-0.142395E 01

-0.118855E 01

-0.952094E 00

-0.714805E 00

-0.476886E 00

-0.238548E 00

O.OOOOOOE 00
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1.00 0..501887E 01
0.00 0.501915E 01

0.121825E 00
O.OOOOOOE 00

0.371310E 01

0.370882E 01

-0.139570E 00

O.OOOOOOE 00



X/L =0.20

Y HORIZONTAL VERTICAL

VELOCITY VELOCITY

52.55 0.108536E 01 0.896978E 01
52.00 0.113478E 01 0.884561E 01

51.00 0.122289E 01 0.862326E 01
50.00 0.130929E 01 0.840395E 01
49.00 0.139398E 01 0.818763E 01
48.00 0.147697E 01 0.797423E 01
47.00 0.155824E 01 0.776370E 01
46.00 0.163779E 01 0.755596E 01
45.00 0.171564E 01 0.735098E 01
44.00 0.179178E 01 0.714868E 01
43.00 0.186620E 01 0.694900E 01
42.00 0.193892E 01 0.675189E 01
41.00 0.200992E 01 0.655729E 01
40.00 0.207922E 01 0.636514E 01
39.00 0.214680E 01 0.617536E 01
38.00 0.221267E 01 0.598792E 01
37.C 0 0.227683E 01 0.580274E 01
36.C 0 0.233928E 01 0.561978E 01
35.C 0 0.240002E 01 0.543896E 01
34.C 0 0.245904E 01 0.526023E 01
33.C 0 0.251636E 01 0.508353E 01
32.0 0 0.257197E 01 0.490880E 01
31.0 0 0.262586E 01 0.473597E 01
30.0 0 0.267805E 01 0.456500E 01
29.0 0 0.272852E 01 0.439582E 01
28.C 0 0.277728E 01 0.422836E 01
27.0 0 0.282433E 01 0.406258E 01
26.0 0 0.286967E 01 0.389841E 01
25.0 0 0.291330E 01 0.373579E 01
24.0 0 0.295522E 0.1 0.357466E 01
23.0 0 0.299542E 01 0.341497E 01
22.0 0 0.303392E 01 0.325664E 01
21.0 0 0.307070E 01 0.309964E 01
20.0 0 0.310578E 01 0.294388E 01
19.00 0.313914E 01 0.278932E 01
18.0 0 0.317080E 01 0.263589E 01
17.0 0 0.320074E 01 0.248353E 01
16.00 0.322897E 01 0.233219E 01
15.0 0 0.325549E 01 0.218180E 01
14.00 0.328029E 01 0.203231E 01
13.0 0 0.330339E 01 0.188366E 01
12.00 0.332478E 01 0.173577E 01
11.0 0 0.334446E 01 0.158861E 01
10.0 0 0.336242E 01 0.144210E 01
9.0 0 0.337867E 01 0.129619E 01
8.0 0 0.339322E 01 0.115082E 01
7.0 0 0. 340605E 01 0.100592E 01
6.0 0 0.341717E 01 0.861443E 00
5.0 0 0.342658E 01 0.717323E 00
4.0 0 0.343428E 01 0.573500E 00
3.0 0 0.344027E 01 0.429916E 00
2.0 0 0.344454E or. 0.286511E 00
1.0 0 0.344711E 01 0.143226E 00
0.0 0 0.344797E 01 O.OOOOOOE 00

HORIZONTAL

ACCELERATION

0.112990E 02
0.111685E 02

0.109357E 02

0.107075E 02

0.104839E 02

0.102647E 02

0.100501E 02

0.983994E 01
0.963433E 01

0.943324E 01
0.923668E 01
0.904463E 01

0.885710E 01

0.867409E 01

0.849560E 01

0.832162E 01

0.815217E 01
0.798723E 01

0.782681E 01

0.767091E 01

0.751953E 01

0.737267E 01
0.723033E 01

0.709251E 01

0.695920E 01

0.683042E 01

0.670615E 01
0.65864CE 01

0.647117E 01

0.636046E 01
0.625427E 01

0.615260E 01

0.605544E 01

0.5962S1E 01

0.587469E 01

0.579109E 01

0.571202E 01

0.563745E 01

0.556741E 01

0.550189E 01

0.544089E 01

0.538440E 01

0.533244E 01

0.528499E 01
0.524206E 01

0.520365E 01

0.516976E 01

0.514039E 01

0.511553E 01

0.509520E 01

0.507938E 01

0.506809E 01

0.506131E 01

0.505905E 01

VERTICAL

ACCELERATION

0.130707E 01

0.120505E 01

0.102748E 01

0.858908E 00

0.699150E 00

0.548033E 00

0.405381E 00

0.271018E 00

0.144767E 00

0.264516E-01

-0.841043E-01

-0.187077E 00

-0.282643E 00

-0.370979E CO

-0.452260E 00

-0.526665E 00

-0.594367E 00

-0.655545E 00

-0.710374E 00

-0.759031E 00

-0.801692E 00

-0.838533E 00

-0.869731E 00

-0.895462E 00

-0.915903E 00

-0.931229E 00

-0.941618E 00

-0.947245E 00

-0.948285E 00

-0.944919E CO

-0.937320E 00

-0.925664E 00

-0.910130E 00

-0.890893E 00

-0.868127E 00

-0.842011E 00

-0.812719E 00

-0.780432E 00

-0.745322E 00

-0.707568E 00

-0.667343E 00

-0.624827E 00

-0.580194E CO

-0.533621E 00

-0.485285E 00

-0.435362E 00

-0.384028E 00

-0.331459E CO

-0.277833E CO

-0.223324E 00

-0.168110E 00

-0.112367E 00

-0.562720E-01

O.OOOOOOE 00
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Y HORIZONTAL

VELOCITY

44.50 -0.483055E 01
44.00 -0.478874E 01
43.00 -0.470664E 01
42.00 -0.462642E 01
41.00 -0.454810E 01
40.00 -0.447166E 01
39.00 -0.439710E 01
38.00 -0.432444E 01
37.QO -0.425366E 01
36.00 -0.418477E 01
35.0JO -0.411777E 01
34.00 -0.405265E 01
33.Op -0.398942E 01
32.00 -0.392808E 01
31.00 -0.386863E 01
30.00 -0.38H06E 01
29.00 -0.375539E 01
28.00 -0.370159E 01
27.00 -0.364969E 01
26.00 -0.359967E 01
25.00 -0.355155E 01
24.06 -0.350530E 01
23.00 -0.346095E 01
22.00 -0.341848E 01
21.00 -0.337790E 01
20.00 -0.333921E 01
19.00 -0.330241E 01
18.00 -0.326749E 01
17.00 -0.323446E 01
16.Op -0.320332E 01
15.00 -0.317406E 01
14.00, -0.314670E 01
13.00 -0.312122E 01
12.00 -0.309762E 01
11.00 -0.307592E 01
10.001 -0.305610E 01
9.00i -0.303817E 01
8.00J -0.302213E 01
7.00' -0.300797E 01
6.00| -0.299571E 01
5.001 -0.298532E 01
4.00J -0.297683E 01
3.00' -0.297023E 01
2.00| -0.296551E 01
1.00 I -0.296268E 01
0.00i -0.296173E 01

X/L =0.35

VERTICAL

VELOCITY

0.431717E 01
0.427628E 01

0.419384E 01
0.411038E 01

0.402592E 01

0.394050E 01

0.385413E 01

0.376684E 01

0.367865E 01

0.358958E 01

0.349966E 01

0.340892E 01
0.331737E 01

0.322504E 01

0.313196E 01
0.303814E 01

0.294361E 01

0.284839E 01
0.275252E 01

0.265600E 01
0.255888E 01

0.246115E 01
0.236287E 01

0.226404E 01

0.216468E 01

0.206484E 01

0.196451E 01

0.186374E 01
0.176255E 01
0.166095E 01

0.155897E 01

0.145664E 01
0.135398E 01

0.125101E 01
0.114775E 01

0.104424E 01

0.940491E 00

0.836528E 00

0.732376E 00
0.628058E 00

0.523598E 00

0.419021E 00

0.314348E 00

0.209605E 00

0.104814E 00

O.OOOOOOE 00

HORIZONTAL

ACCELERATION

0.257084E 01

0.261051E 01

0.268841E 01
0.276451E 01

0.283883E 01
0.29H35E 01
0.298208E 01

0.305102E 01
0.311818E 01
0.318354E 01
0.324710E 01
0.330888E 01
0.336887E 01
0.342707E 01

0.348347E 01
0.353809E 01
0.359092E 01
0.364195E 01
0.369119E 01

0.373865E 01

0.378431E 01
0.382818E 01

0.387026E 01

0.391055E 01
0.394906E 01

0.398576E 01
0.402068E 01
0.405381E 01
0.408515E 01
0.411469E 01

0.414245E 01
0.416841E 01
0.419259E 01
0.421497E 01

0.423556E 01

0.425437E 01
0.427138E 01

0.428660E 01
0.430003E 01

0.431167E 01
0.432152E 01

0.432958E 01
0.433584E 01

0.434032E 01
0.434301E 01
0.434390E 01

VERTICAL

ACCELERATION

0.321537E 01

0.317583E 01
0.309717E 01
0.301896E Cl

0.294119E 01
0.286384E 01

0.278691E 01
0.271038E 01

0.263425E 01
0.255851E 01

0.248313E 01
0.240812E 01
0.233347E 01
0.225916E 01
0.218517E 01
0.211152E 01

0.203817E 01

0.196512E 01
0.189237E 01
0.181990E 01

0.174769E 01
0.167575E 01

0.160405E 01

0.153260E 01
0.146137E 01
0.139036E 01
0.131956E 01

0.124896E 01
0.117854E 01
0.110830E 01

0.103823E 01
0.968308E 00

0.898535E CO

0.828897E 00

0.759385E 00

0.689986E 00

0.620691E 00
0.551490E 00

0.482372E 00

0.413327E 00

0.344344E 00

0.275413E 00

0.206523E 00

0.137665E 00

0.688272E-01
O.OOOOOOE 00
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CORE USAGE OBJECT CODE* 20272 BYTEStARRAY AREA» 47808 BYTESfTOTAL AREA AVAILABLE* 145504 BYTES

COMPILE TIME* 2.59 SECtEXECUTION TIME" 13.13 SEC, TAMU/HATFIV - VER I LEV 2 AUGUST 1970 OATE= 71/140



IV. WAVE FORCES AND MOMENTS ON CIRCULAR CYLINDRICAL

PILES BY SMALL AMPLITUDE WAVE THEORY

14

Forces and moments on a pile are computed by this program using the

small amplitude wave theory. The wave length is calculated to an accuracy

of two decimal places using an iterative process. The deep water wave length

is determined for an initial trial, then the actual wave length is approached

as can be seen below from an example run.

Trial Wave Length Calculated Wave Length

1152.00 573.17

862.58 717.32

789.95 762.70

776.33 771.67

774.00 773.22

773.61 773.48

773.54 773.52

773.53 773.53

The point along the wave where the maximum force occurs will be

-T/4 < t < 0. Since the exact position is unknown, forces and moments are

calculated for ewery two degrees starting at -T/4. The equation determining
the tota forces exerted on the pile is given by

.2
yC D a

F = l D kh COs(at):|cos(qt)l f 1 . ,rmL/1 run /, ru.FT ~ sinh(zkh) V " • {m s™h[2kh(l +ft)] + (1 +ft-)}

jJ4$ (sinh [kh(k +ft-)]}
where

YCT7rD'
a s

cosI

Y = specific weight of the water

CD = drag coefficient

a = wave amplitude

h = water depth



t = distance in time

n = distance from SWE

Cj = inertia or mass coefficient

D = pile diameter

k = 2-ft/L

L = wave length

c = 2tt/T

T = wave period

The total moment acting on the pile is given by

Mt . HjjP a2hkcos(atycos(gt)| . {1*^1_ sinh [2kh(1 +fr)]

+—U- [• - cosh [2kh (1 +ft)]]

+̂ [1 - cosh [kh (1 +ft)]]}

After solution of these equations at every point for -T/4 < t < 0, the

location of and magnitude of the forces and moments can be found in the

computer output.

15



//$WATFIVR JOB <341T1,15-C ,*30t006t It* CM MCCLENAN • . 624
C
C THIS PROGRAM COMPUTES FORCES AND MOMENTS ON A PILE USING THE
C SMALL AMPLITUDE WAVE THEORY

C

C T=WAVE PERIOD

C H=WAVE HEIGHT

C D=WATER DEPTH

C PD=PILE DIAMETER

C .CI=INERT1A COEFFICIENT
C CD=DRAG COEFFICIENT

C FMAX AND TMAX=0.0
C TH=NUMBER OF DEGREES FROM WAVE CREST

C FT1=DRAG FORCE

C FT2=INERTIA FORCE

C T1=-DRAG MOMENT

C T2=INERTIA MOMENT

C FT=TOTAL FORCE

C T*TOTAL MOMENT

C

1 READ(5t100)T,H,D,PD,CD,CI,FMAX,TMAX
2 W-64.0

3 G=32.2

4 Pl=3.l4l6
5 WL=5.12*T*T

6 10 X=2.*PJI*D/WL
7 WLT= G*T*T*TANH(X)/(2.*PI)
8 DIFF=WL-WLT

9 WRITE(6,200)WL,WLT
10 WL=(WL|*WLT)/2.
11 IFIABS(DIFF).GT.O.Ol) GO TO 10
12 A*H/2

13 TH=-92r
14 CK«2.*PI/WL

15 WRITE(6,600)WL,H,0,T,PD,CD,CI
16 600 FORMAT^1H1.///.T51,'SMALL AMPLITUDE WAVE THEORY'f///fT49,'ALL UNIT

IS IN FEETt POUNDSt SECONDS'f///,T50f•WAVELENGTH =•,F16.2,///,T50,
2'WAVE HEIGHT =•,F15.2.///.T50,'WATER DEPTH *'.F15.2,///,T50,
3'WAVE PERIOD =•,F15.2»///tT50f'PILE DIAMETER =•,F14.2f///,T50,
4'CD -=';F24.2t///tT50,'CI »',F24.2)

17 WRITE(6,300)

18 Cl=W*Cb*PD*A*A*CK*D/(2.*SINH(2.*CK*D) )
19 C2=W*CI*PI*PD*PD*A/(4.*C0SH(CK*D»)
20 00 20 KK=1,46
21 TH=TH+2.

22 R*TH/57.29578
23 E=A*COS(R)

24 FTlaCl!>C0S(R)*ABS(C0S(R))*({SINH(2.*CK*D*(l. +E/Dn/(2.*CK*D))«Kl.+
IE/DM |

25 FT2=C2fSIN(R)*(SINH(CK*D*(l.+E/H)))
26 FT=FTlfFT2
27 Tl=-Cl*p*C0S(R)*ABS(C0S(R))*((l.*E/D)**2./2.+((l.+E/DI/(2.*CK*D)>*S

1INH(2.*CK*D*(l.+E/D)»+(l.-COSHC2.*CK*D*<l.+E/D)))/I4.*CK*CK*0*D)I
28 T2=C2*D*SIN(R)*((l.+E/D)*SINH(CK*D*(l.+E/D))+(l.-C0SH(CK*D*(l.+E/D

1M)/(CK*D))

29 T=T1-T2

30 IF(FT.GT.FMAX)FMAX*FT
31 IF(T.G^.TMAX)TMAX*T
32 20 WRITE(6t400)TH,FTl.FT2,Tl,T2tFT»T
33 WRITE(6t500)FMAXtTMAX
34 100 F0RMATk8F10.4)



35
36

37
38

39

40

200 FORMAT!2E16.8)
300 F0RMAT(1H1,///,T10,'DEGREES',T21,'DRAG FORCE',T36,•INERTIA FORCE'

ltT53,"DRAG M0MENT'tT67t'INTERIA MOMENT"tT85,'TOTAL FORCES
2T100,'TOTAL MOMENT',//)

400 F0RMAT(T10,F7.2,6E16.7)
500 F0RMAT(///,10X,'** MAXIMUM FORCE =',E16. 8,//, 10X, • ** MAXIMUM MOME

INT -*',E16.8)
STOP

END

//SDATA

0.11519990E 04
0.86258320E 03
0.78995260E 03

0.77632730E 03
0.77400000E 03
0.77360960E 03
0.77354440E 03
0.77353360E 03

0.57316670E 03
0.71732200E 03
0.76270210E 03
0.77167260E 03
0.773219406 03

0.77347920E 03
0.77352290E 03

0.77352970E 03



SMALL AMPLITUDE WAVE THEORY

ALL UNITS IN FEETt POUNDS, SECONDS

WAVELENGTH = 773,53

WAVE HEIGHT = 30.00

WATER DEPTH = 100.00

WAVE PERIOD = 15.00

PILE DIAMETER = 4.00

CD = i*05

CI * 1.40



DEGREES ORAG FORCE INERTIA FORCE

-90.00 0.2482181E -08 -0.1133001E 05
-88.00 0.3091348E 02 -0.1156349E 05
-86.00 0.1244417E 03 -0.1178432J 05
-8*.00 0.2815466E 03 -0.1199138E 05
-82.00 0.5028623E 03 -0.1218353E 05
-80.00 0.7887053E 03 -0.1235962E 05
-78.00 0.1139053E 04 -0.1251858E 05
-76.00 0.15S3542E 04 -0.1265929E 05
-74.00 0.2031415E 04 -0.1278066E 05
-72.00 0.2571586E 04 -0.1288165E 05
-70.00 0.3172589E 04 -0.1296125E 05
-68.00 0.3832587E 04 -0. 1301845E 05
-66.00 0.4549395E 04 -0.1305236E 05
-64.00 0.5320402E 04 -0.1306208E 05
-62.00 0.6142711E 04 -0.1304677E 05
-60.00 0.7013027E 04 -0.130057IE 05
-58.00 0.7927738E 04 -0.1293818E 05
-56.00 0.8882898E 04 -0.1284362E 05
-54.00 0.9874254E 04 -0.1272146E 05
-52.00 0.1089727E 05 -0.1257128E 05
-50.00 0.1194712E 05 -0.1239277E 05
-48.00 0.1301880E 05 -0.1218567E 05
-46.00 0.1410701E 05 -0.1194986E 05
-44.00 0.1520632E 05 -0. U68530E 05
-42.00 0.1631113E 05 -0.1139207E 05
-40.00 0.1741573E 05 -0.1107041E 05
-38.00 0.1851431E 05 -0.1072063E 05
-36.00 0.19601016 05 -0.1034314E 05
-34.00 0.2067002E 05 -0.9938543E 04
-32.00 0.2171543E 05 -0.9507508E 04
-30.00 0.2273155E 05 -0.9050836E 04
-28.00 0.2371264E 05 -0.8569438E 04
-26.00 0.2465330E 05 -0.8064367E 04
-24.00 0.2554810E 05 -0.7536785E 04
-22.00 0.2639194E 05 -0.698793 8E 04
-20.00 0.2717998E 05 -0.6419184E 04
-18.00 0.2790770E 05 -0.5832016E 04
-16.00 0.2857082E 05 -0.5227961E 04
-14.00 0.2916547E 05 -0.4608699E 04
-12.00 0.2968816E 05 -0.3975930E 04
-10.00 0.3013575E 05 -0.3331451E 04
-8.00 0.3050570E 05 -0.2677121E 04
-6.00 0.3079572E 05 -0.2014849E 04
-4.00 0.3100416E 05 -0.1346578E 04
-2.00 0.3112967E 05 -0.6742961E 03
0.00 0.3U7163E 05 0.00006OOE 00

ORAG MOMENT INTERIA MOMENT

0.1370805E-06
0.1717768E 04

0.6957316E 04
0.1583690E 05
0.2845723E 05

0.4490124E 05
0.6523222E 05
0.8949269E 05

0.1177004E 06

0.1498514E 06
0.1859162E 06
0.2258397E 06

0.2695408E 06
0.3169083E 06

0.3678076E 06
6.4220748E 06
0.4795173E 06

0. 5399172E 06
0.6030306E 06

0.6685869E 06
0.7362895E 06
0.8658249E 06
0.8768511E 06
0.9490106E 06

0.1021928E 07

0.1095215E 07

0.1168469E 07

0.1241278E 07
0.1313227E 07

0.1383893E 07
0.1452858E 07
0.1519701E 07

0.1S84018E 07
0.1645403E 07
0.1703473E 07
0.1757855E 07
0.1808206E 07
0.1854193E 07

0.1895518E 07

0.1931905E 07
0.1963115E 07

0.1988943E 07
0.2009213E 07

0.2023793E 07

0.2032578E 07
6.203S514E 07

-0.5957216E 06
-0.6025646E 06

-0.6087056E 06
-0.6141116E 06
-0.6187457E 06
-0.6225764E 06
-0.6255721E 06

-0.6277034E 06
-0.6289363E 06
-0.6292447E 06
-0.6286044E 06
-0.6269849E 06
-0.6243679E 06
-0.620731IE 06
-0.6160557E 06

-0.6ib'3275E 06
-0.6035306E 06
-0.5956551E 06

-0.5866958E 06
-0.5766465E 06
-0.56550546 06
-0.5532769E" 06
-0.5399663E 06

-0.5255830E 06
-0.5101370E 06
-0.493648IE 06
-0.4761344E 06

-0.4576199E 06

-0.4381332E 06
-0.4177024E 06
-0.3963653E 06
-0.37415686 06
-0.3511181E 06

-6.3272958E 06
-0.3027349E 06
-0.2774872E 06
-0.2516059E 06
-0.2251458E 06
-0.1981654E 06

-0.1707253E 06
-0.1428868E 06
-0.1147142E 06

-0.8627256E 05

-0.5762823E 05
-0.2884814E 05
O.OOOOOOOE 00

TOTAL FORCE

0.1133001E 05
0.1159440E 05
0.1190877E 05
0.1227292E 05
0.1268639E 05

0.1314832E 05
0.1365763E 05
0.1421282E 05
0.1481207E 05
0.1545323E 05
0.1613383E 05
0.1685104E 05
0.1760175E 05

0.1638248E 05
0.1918948E 05
0.2001674E 05
0.2086592E 05
0.2172652E 05
0.2259571E 05
0.2346855E 05
0.2433989E 05
0.2520447E 05
0.2605687E 05

0.2689163E 05
0.2770320E 05
0.2848614E 05

0.2923494E 05
0.2994416E 05
0.3060856E 05
0.3122293E 05
0.3178239E 05
0.3228208E 05
0.3271767E 05
0.3308488E 05
0.3337988E 05
0.3359917E 05
0.3373972E 05
0.3379879E 05
0.3377417E 05
0.3366409E 05
0.3346720E 05
0.3318282E 05
0.3281057E 05

0.3235074E 05
0.3180396E 05
0.3117163E 05

TOTAL MOMENT

0.5957216E 06
0.6042824E 06
0.6156629E 06
0.6299485E 06
0.6472029E 06
0.6674776E 06
0.6908043E 06
0.7171961E 06
P»7466366E 06

0.7790961E 06
0.8145206E 06
0.8528246E 06
0.8939087E 06
0.9376394E 06
0.9838633E 06
0.1032402E 07
0.1083047E 07
0.1135572E 07
0.1189726E 07

0.1245233E 07
0.1301794E 07
0.1359101E 07
0.1416817E 07
0.1474593E 07
0.1532064E 07
0.1588863E 07
0.1644603E 07.
0.1698897E 07
0.1751360E 07

0.1801595E 07
0.1849223E 07
0.1893857E 07
0.1935136E 07

0.1972698E 07
0.2006207E 07
0.2035342E 07
0.2059811E 07
0.2079338E 07
0.2093683E 07
0.2102630E 07
0.2106001E 07
0.2103657E 07
0.2095485E 07

0.2081421E 07
0.2061426E 07
0.2035514E 07

** MAXIMUM FORCE > 0.33798780E 05

** MAXIMUM MOMENT » 0.21060010E 07

CORE USAGE OBJECT COOE- 4672 BYTES,ARRAY AREA- 0 BYTES,TOTAL AREA AVAILABLE- 133216 BYTES
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V. A COMBINED EFFECT OF REFRACTION AND DIFFRACTION OF WATER WAVES

1. General Description

The REDSEA program is a combination of a refraction program written by
2 1

Orr and Herbich and a diffraction program by Fan . The main program consists

of the refraction program while the revised diffraction program is incorporated

in subroutine DIFFR. In the simplest terms, the technique used in REDSEA

is to initiate orthogonals as in the refraction program. Then as each point

along an orthogonal is located, the refraction and shoaling coefficients are

calculated. Following this the coordinates of the point are transformed into

coordinates used in the diffraction coefficient calculations, and a wave

length at that point is calculated according to the relationship

L = CT

With thjs information a diffraction coefficient is calculated and the wave

height ?t that point becomes the product of the shoaling, refraction, and

diffraction coefficients. A wave orthogonal is terminated when it reaches

the breakwater, the limits of the grid, or the shore. The orthogonals thus

plotted are termed "primary" orthogonals for future reference.

Once all of the primary orthogonals have been plotted, the computer program

initiates a second series of orthogonals in the lee of the breakwater, which

will be termed "radial" orthogonals.

The orthogonals of this series all start at the breakwater tip but differ

from each other in the direction each takes initially. This direction is

established by the program itself which assigns the first radial orthogonal

a direction fifteen degrees clockwise from the breakwater line. Each successive

radial orthogonal is assigned an initial direction fifteen degrees clockwise

from the preceeding one, and the initiation of radial orthogonals is continued

until finally an orthogonal is propagated out of the lee of the breakwater,

at which point the problem is stopped.
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Several problems are encountered in implementing the basic plan for

REDSEA however. First, in order to calculate a diffraction coefficient, the

angle between the wave orthogonal and the breakwater must be known, and yet

if refraction takes place between the orthogonal origin and the breakwater,

the angle will not be known until the orthogonal is propagated to the break

water. To overcome this problem, an approximation is made in REDSEA. For

all of the primary orthogonals, the angle between the breakwater and the wave

orthogonal is taken as the value of that angle at the orthogonal origin. In

other words, any change in direction due to refraction between the origin and

the breacwater is neglected. The error introduced by making this assumption

is small since diffraction coefficient will generally be near unity except

in the lee of the breakwater, and a small variation in the angle of incidence

will have little effect. However in the lee of the breakwater, this angle

is very important, and for this reason the assumption is not carried on to

the radial orthogonals. Instead, the wave angle of the last orthogonal passing

the breakwater tip is taken as the angle of incidence for the purpose of

calculating the diffraction coefficients in the lee of the breakwater. A

similar problem is encountered in calculating the wave height in the protected

zone, for if the wave height was changed by refraction before a wave reached

the breakwater tip, then this change would influence the wave height in the

lee. Slice the radial orthogonals are initiated at the tip of the breakwater

with an initial refraction coefficient of unity, any changes that might have

previously occurred in the height would not be accounted for unless specific

provision were made. In this case the refraction coefficient of the last
i

orthogonal passing the breakwater is recorded, .arid all wave heights in the

breakwater lee are increased or decreased in proportion to this value.

REDSEA was written with as few limitations as possible within the established

framework, and has been used to simulate conditions in a 6 ft x 12 ft wave

tank, as well as a bay half a mile wide.
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The REDSEA program produced information which is divided into two

sections. The first section is a recapitulation of the water depth data as

it was recorded within the computer, and it is included in the data printout

primarily to facilitate the detection of any errors in this information.
i

The second section is a detailed account of the REDSEA prediction for the

conditions given, and 1s self-explanatory. It should be noted that as many

problems as are desired may be run at one time by adding a separate problem

data card for each set of wave conditions following the Water Depth Cards.

Futfther description of the program may be obtained from the Sea Grant

Publication by Worthington and Herbich.3

Example, oi one. Uae of REDSEA Compute*. VKOQfuam

Given: a) Wave tank bottom topography (reproduced in a computer solution)

b) Breakwater extending from coordinates (9.3, 5.0) to (25.0, 5.0)

c) Wave period, T = 1.28 sec

d) Angle of wave incidence with depth grid = 90°

e) Coefficient of reflection from breakwater = 22%

Required: a) Wave height and direction at coordinates (12.0, 8.0)

b) Wave height and direction at coordinates (12.0, 8.0) if

breakwater wave extended 5 feet

Solution: Using REDSEA program, specify:

Number of horiz grid points, M = 25

Number of vert grid points, N = 25

Number of problems, NOP = 2

Grid line spacing, SP (ft) = 1

Enter water depths in feet }Cards 2-626

Card 1



Wave angle with respect to horiz grid
(degrees), ALPHL(2)

Wave period, T(sec)

Orthogonal point time increment, DELT (sec)

Initial orth origin (horiz grid coord) X(l)

Initial orth origin (vert grid coord) Y(l)

Orth origin limit (Horiz grid coord), GM

Dist between orth (grid spacings), UK

Breakwater tip (horiz coord), BWTX

Breakwater tip (vert coord), BWTY

Breakwater butt (horiz coord), BWBX

Breakwater butt (vert coord), BWBY

Reflection from breakwater (% ^-100)

90.0

1.28

0.25

6.0

2.0

10.1

0.5

9.3

5.0

25.0

5.0

0.22
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Card 627

Card 628 will be identical to 627 except that

Initial orth origin (horizon grid coord) x(l) =3.0 j
Orth origin limit (horiz grid coord) QM) =6.1

Breakwater tip (horiz coord) BWTX =4.3

Card 628

From attached computer run:

(a) Problem 1, orthogonal 8 plot points 3, 4 & 5

orthogonal 9 plot points 3, 4 $ 5

which are the points closest to the area of interest

9 10 11 12137415 16
I I I f I I

I I I I I I I

Orthogonal #8-

Orthogonal #9



The point of interest is seen to lie approximately midway between point 8-4

and point 9-4, and the wave parameters will be estimated by averaging the

values for these two points.

Hence

H _ .18 + .21 _ 1Q(.

Ho ~ 2 "" ^^

Direction =
28.56 + 46.29
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Note: Since the incident wave (Hj) is not a "deep water" wave (H )the

value of H/Hj will be different from H/HQ. The ratio of Hj/HQ is

identical to the shoaling coefficient of the incident wave which

is .93 (from Orthogonal 1)

(b) Problem 2, orthogonal 5, points 6, 7 & 8

orthogonal 6, points 6, 7 & 8

9 101112131415
I I I I I I I

3—Orthogonal #5

Orthogonal #6

Average parameters between points 5-7 and 6-7

H. = ,13 t *12 = .125

Direction =5'13 \ 25'02 - 27'



SummaAy

Height Coef (H/HQ)

Direction (degrees)

Present Breakwater

.195

37°
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Extended Breakwater

.125

27(
































































































