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ABSTRACT

In response to a need in Ocean Engineering for additional computa-

tional aids, widely used computer solution programs were assembled in

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

AMDAHL 470 V/6 computer available on the College Station campus of Texas

A&M University.

The computer programs appear as follows:

(1)
(2)

(3)

(4)

(5)

Stokes Fifth Order Wave Theory

Horizontal Wave Force on a Large Submerged Rectangular Body
(a) Using Stokes Third Order Wave Theory

(b} Using Stokes Fifth Order Wave Theory

Wave Forces and Moments on a Circular Cylindrical Pile

(2) Using Cnoidal Wave Theory

(b) Using Stokes Third Order Wave Theory

Wave Forces and Moments Produced on a Vertical Pile Using

the Stream Function Theory

Red Sea Revisions - Program to Estimate the Combined Effects

of Refraction, Diffraction of Water Waves and of Bottom Friction.



PREFACE

Development of computer programs was conducted as part of the gen-
eral research program in Coastal and Qcean Engineering at Texas A&M Uni-
versity.

Various portions of the report were prepared by different authors
and assembled by Wei Yih Chow.

The study was partially supported by the Sea Grant College Program
of the National Oceanic and Atmospheric Administration through Institu-
tional Grant 04-6-158-44012 made to Texas A&M University.

The manuscript was edited by Dr. Gisela Mahoney and typed for pub-

lication by Joyce McCabe and Debi Brendel,
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I. INTRODUCTION

Computer programs are a very useful aid in determining wave charac-
teristics in coastal and ocean engineering. The programs presented in
this report were developed, or adapted, in the course of continuing in-
vestigations conducted within the Ocean Engineering Program at Texas A&M
University. Each program includes a description of the computational tech-
nique involved. Notation and reference sources are given. Finally, the

main program is issued statement by statement and followed by a concise,

j1lustrative output using sample data.



I1. STOKES' FIFTH ORDER WAVE THEORY

General Comment

Stokes' fifth order wave theory is best applicable in the region
of intermediate water waves to deep-water waves, with d/T2 larger than
0.2 and H/T2 larger than 0.04, This computer program initially calculates
the actual wavelength, if unknown. The main object of the program is to
calculate the water particle velocities and accelerations at different
intervals of depth and at different intervals along the wavelength. It

also computes the wave profile.

Program Description
Main Program
Purpose: To calculate the water particle velocities and accelerations
given wave height, water depth, wave period or wavelength.
Equations: Wave profile
n=5

y = 1/8 £ yn - cos(ns)
n=1

Water Particle Velocities

Horizontal:
_ n=5
u =€ £ n. U, * cosh{ngs) - cos(ne)
n=1
Vertical:
__n=5
v = C £ n . Un « sinh{ngS} « sin(ne)
n=1



Water Particle Accelerations

Horizontal:

n=5
A = B - fe I n2 - U_ sinh{ngS) - cos(ne)
X - n
n=1
Vertical:
2 M3 5
A = -g-C° £ n°U_sinh{npS) - cos(ne)
Y n=1 n
Wave speed
T = L/T

Subnroutine SOLVEL
This subroutine calculates i, a constant for each wave and the wave-
length. The two following equations are solved simultaneously to obtain

the unique solution of 1 and wavelength.

" _ L 3 5 '

T - 'a_ { A + A. 833 + l (835 + B55)} ---------- (‘I)
d _ ,d z 4

o ° (EJ - tanh(gd) - (1 +2°Cy + CZ) ......... (2)

The Newton-Raphson method is used to calculate the value of A from
Equation 1. A value of x» = 0.2 is initially assumed to start the itera-
tive process. The value of r obtained in the subroutine is used to
check the validity of Equation 2 which is in the main program. This pro-
cess proceeds until the wavelength and 1 converge to their respective

unique values.

For brevity in listing the coefficients let s = sinh g%g and
¢ = cosh g%g



i

iid

A = Ba, Y, = ;\2(822 + A2824)
3 2 o

A (333 + A 335), Yy = * 844

A By

2 4 2 2

A+ ARy A TAE)s uy = ARy + A,
3 2 o
A(Az3 _ A"Agg)s Uy = 2 Ay

5
25 A

1/s

-c2(5c2 + 1)

855
(118810 - 14408 - 1992¢5 + 2601c* - 249c% + 18)
15365 !
3
854

(192¢8 - a2ac® - 312c + 480c? - 17)

?685]0
(13 - 4c2)

b4s
(512¢2+4224c 1 0-6800c5-12,808c0+16,704c* - 3154¢5+107)

20965 13(6c2-1)

(80c8 - 816c? + 1338¢% - 197)
1563s10(6c2-1)
_(2880c'0-72,480c8+324,000c8-432,,000¢* 163,470c2-16,245)

61,4405V (6c2-1) (8¢ -11¢%+3)
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22

24

33

35

44

55

(2¢241)

C
453
c(272¢8 - s0ac® - 192" + 32267 + 21)
38457
3(8cd + 1
64s®

(88,1280 4-208,228¢ % + 70,848¢'0 + 54,000 - 21,816¢°)

, (626ac” - 54c

12,2885 12 (6¢2-1)

2 _g81)

12,2885 12(6c% - 1)

c768c'0 - aa8c® - a8cb + 48c* + 106c% - 21)

3845 (6¢° - 1)
(192,000c'® - 262,720c"* + 83,680¢}2 + 20,160¢'0 - 7280c%)
12.288510 (6¢2 - 1){8c" - 11¢% + 3)

6 2

, _{7160¢

- 1800cY = 1050¢% + 225)

2

g{tanh gd)

{3840c

12 10 8 6

- 40%96c ~ + 2592¢- - 1008c
2

12,2885 19(6c2 - 1)(8cY - 11¢% + 3)

+ 5544c

4

- 1830¢2 + 147)

512510 (6c? - 1

o
4sc

(12¢

8

+ 36c® - 162¢" + 141c° - 27)

192cs9

)



ST09WAS ONV WILSAS 3JLYNIQYO0-0D

INTL

1T9NY ISYHJ

INTIT GfNW WOodd
SAYYMdN ATIATLISOd dIYNSYIN
IINVLSIC ILYNIQYO-02 ¥ILL1H3A

15340 Wodd A3¥0ASYIW
IINVLISIQ JLYNIQHO-03 TYiINOZIHOH

"1 3YN9I4

ALIJ07T3A 31311dVd VDT LH3A
ALTJOTIA 3T1211dV¥d IVINOZIYMOH

HI9N3TIATM
J0I¥3d JAVYM
IH9T3H 3AYM

431V¥YM 40 Hld3d
ALID0T3IA 3AVM

-

o o = = d4 =

3N ANK

19t -

TMIN

it L




Symbo1

3. Notation

FORTRAN
Name

Al

AV

CEL

WL

SD

upP

VP

YP

BETA
THETA

LAMBDA

Description
Water particle acceleration in
the horizontal direction

Water particle acceleration in
the vertical direction

Wave speed

Stillwater depth

Wave height

Wavelength

Elevation above mudline
Wave period

Water particle velocity in the
horizontal direction

Water particle velocity in the
vertical direction

Time

Wave profile elevation above
mean waterline

2r/L
Phase angle = g(x - Ct)

A constant to be determined for
each wave
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COMPUTER INPUT

The input sequence for Stokes V Order wave theory is in accordance with
the Fortran watfiv lanquage used in the main program. The dataare read into

the program on two cards.

Card 1 -

The first card is used to enter program commands and incrementation con-
stants for the iterative schemes are used in the main program. The data values
on the first card are Num, Depinc, and Xlinc. Num is an integer value either
1 or 2. If wavelength (L), wave height (H), and water depth %D), are given
then Num should be set egual to one by typing 1 in the first column of the first
data card. If wave period (T), wave height, and water depth are given the Num
equals 2. Depinc is the depth incrementation in feet, measured from the bot-
tom to the wave surface, at which the particle velocities and accelerations
are calculated. This value is a floating decimal point number and in accor-
dance with format 5 should be entered in columns 2-11. Xiinc jnitializes
the incrementation along the wavelength and should be entered in columns
12-21 as a dividend of X (the horizontal distance along the wavelength) and

L (the wavelength}.

Card 2 -

The second card is used to enter either wavelength, wave height, and
water depth or period, wave height, and water depth depending upon the value
of Num. Format statement number 10 is used and given as:

10 FORMAT (3 F 10.4)

The computer expects then to read these data values, the first of these
values, either wavelength or period, should be typed in columns 1-10; similar-
1y wave height in columns 11-20; and water depth in columns 21-30.



PROGRAM LIMITATIONS

This Stokes V order wave theory program is set up to operate under certain
limitations or constraints. These constraints are in accordance with experimen-
tal verification of where Stokes V order wave theory is most applicable and best
describes the natural phenomenon. The Timitations tested are:

(1) D/L > 0.039
(2) H/D > 0.2
(3) D/T%> 0.2
If any of these conditions is not satisfied the program is directed to halt

computation and output the fact that Stokes V wave theory is not applicable
to the input wave characteristics.

10
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30

21

STCKES FIFTH DRLCER WAVE THEORY

H= WAVE FEIGHT

T wAvEF PERICD

b STILL WATER DEPTH

KUM=, WHEN LsFsCs ARE KNOWN;: 5 NUM=2, WHEN T.H.D, ARE KNOWN
OEPINC NEPTH INCREMENTS AT WhICH THE PARTICLE VELOCITIES AND
ACCELERATIONS ARE CALCULATED

XLINC INCRFMEMNTS ALCMNG WAVELENGTH AT WHICKH THE VELOCITIES AND
ACCELERATIONS ARE CALCULATED

S IS MEASURED POSITIVELY UPWARDS FROM THE MUOLINE

LIMITATIONS = DZL> C.C3G6, H/D>Q.2 AND D/7T%2T > 2.2

DIMERSICR LIC) ¥ {10)sYF(L100)
CHK=0,.

A=l

Bi=3,1416

C=32.2

READ(S ,S5) MJIM,DEFIMC, XL INC

GO TO (T+8)4sNUM

REACI{S.10) WL.E.C
PRINT 4L aH D

CHFECK TFE LIMITATIONS

SrAL=NDsWE

SHA? =H/D

IF{SHALLLT.0.C35) GO 1O 2€00
IFISFA2..LT L0203 GO TQ 2009
GO TO 30

REACT{S,10) TstFaD

PRINTeT4HLD
WNL=GRTxkZ/s{ Z.%P ()

CHECK THE LINITATICNS

ShHAl=C/WL

CHA2=H /D

IFISKFALLLT ,0,0328) GO TO 2000
[F{SHAZ.LT.0.20) GL TC 2200

WLO=wL

CALL SGLVFL(UL.!NB‘.P.ToD-pl.G.EEE;EEE.BSS!

CHECK VALUE OF LAMDA AND WAVELENGTH

BETA=2.%P] /Wi

S=S TR (2. %P I*C/WL )

C=CCEHI2 .*F*L/ L)

CI={ R HCHAKGuE , R B B2+ G, ) /{8, XEk%G)

C2=(3R40 ¥ kA 2wa0T6 HLER10 $2592 4 Ck#Bm ] 008 XkCHEX 645944, ¥C ¥ 4=1830,

HCHEP+ 1470 ) /{S1 2%k SN ICH [(Eu R (%X%2m],))

ANMDAS= AMLA® %2

ANDAG=ANDA®EA

CO TO (21422 s NUM
WLO=WL/{TANM(EETACL ) %[ ] +AMDA2Z*C14AMEARRC2) )

11



a3 T=zSARTIWLO*2,%P ] /G}

24 GC T 50
as 22 CONTINLF
36 WLT=WLOXTANH{BETA®D ) *{ 1. ¢ AMD A% 14 AMDAAXC2)
azv NDIFF=wiL=wLT
38 WL=({WL+WLTY /2,
39 SR |
40 WRITE(&:20) aLT,.ANMDA
41 IF{N.CTS0) GO TG SS¢
42 CCIFF=CHK=ANC A
4z IF(ABS{COIFF) oL Tes tE=CE) GC TLC SO
44 CrK=ANDA
45 IF{AESIDIFF) .GTaC.0301) GC TC 30
46 53 CONTINUE
c
a7 CEL=wL/Y
48 WRITEC(G ZOC) L eHD+CELTLAVDA
c
< CALCLLATE COEFFICIENTS
C
a9 All=1,/5
S0 AL Tz k22 (S, 2C ke el )/ (RakFkx5])
S1 A1S=a{ 1184 .#C 2% 1N 1440, $CHREm | GG2 4R C KR E+ 2EA] o ¥CH XA 4O K (C*x 2+ ]10,)
W CISIELRSKN]LL)
52 AZ2=3,/( FaxSkxa)
53 APA= (192 HCHEBmA 24 ACHRO= L2 (kT kHA+GR0 o ¥C HK2m | 74 ) /{ TEBLRE*X ] L)
54 A= 13m0, %¥CHR2) /{EA.¥5%%7)
55 AIST(H 12 XL ¥R 248270, $Chkk 1 0mEBOD e *C # % 0m) ZHOL, #C 26+ 157 084.2C kx4
M I MCKED 41 (T )7 B80GH . *kShRIIN(F AKCE¥2=E 4] )
56 ARG (B, XL K E=B o XC XX 4+ ] ITF Ak C k4 2m] 57, } /{1 536.%ShkI Nk (O #L¥X2=] 4 }
«)
57 ACESzm(20R0, XWX | CuT2880 XCHXxB+328000 ACKEEw4 32000 .%xCk*441£JAT0 ¥
WL AP ERAG /{1040, *¥SARL ] R( EokChRPm | Ik (A 4Ckkdm] 1, 4CkE24T4))
8 F22=(2 % Ck%2+] ,)#C/ {4 ,%5%%3)
59 ACA=CR( I 72 % ¥K Am G R KK Em] S22 (K ChRE 422 . KC kK2 +2] )/ (3B4.45%%9)
60 B3z 4 (A, %0526 4] 43/ {EQ ,25%%E)
61 HAA=CR{ TER X Crk 1 N4 a8 ,hC KA w48 ¥ 2R+ 4B xCk kG ¢ 10 *Ck*2Zm2]) 4}/
e {284 ASHIGH[ £ ¥ ¥ =1, 1))
62 CO=SCRT{C*{TANS{BETA%D) })
&3 CA==1./{ 4, ¥5%(C)
64 CA= (12 o % CHKB4+TE (SCHREMJED HCHRA 18] JHCEX2m2 7. ) /0 LG22, %Chk Bk %)
€5 ANDAZ=ANDAk®T
66 AMCAS=AMCA ¥ %<
£7 Y{l)=aMCaA
68 Y{2)TANDADK(B22 +ANDAZEE24)
35 Y {2 )=ANDAZX{3IF+AMDAZ*F3E)
70 Y(4)Y=ANDAGXEG4Y
71 ¥Y(S)=AMDAS*BES
72 UL IS ANDCA* (AL L ¢ AMCAZ* AL 34AMDAA*AL1S)
72 LI{2)=AMDA2* (A2 +ANDAZ%A24)
74 U{3I=AMDAZ*{ AZT4AMDA2*ATE)
75 Li4)y=ANDAGR ALY
76 U(SY=AMDAGSXASSE
77 WEITF(E.250) M1 1.,A13,815.,A22,A24,A33,A354A448,A55,822,0246,A33,835,
1HA4 4RSS, C0C) 2C2:03,.0C4
C
78 WRITE(6 +250)
79 KKK=C4E2XLINC+1,
C
C CCMELTE THE waAVE FRCFILE

12



80 XLL=N.
Al no al1q J=1 KKK
82 THETA=2 « 8P [ #XDL
a3 WEUM=N,0
a4 N0 a00 1=1.%
as WFE=Y(1)*COS{I*TFETA}
86 WELVM=- W ELUME wF
87 400 CANT INUE
88 YEF{JY=MSUM/EFTA
a9 WRITELE,Z7C) XDL.YR{J)
30 XCL=XDL #XL INC
91 41C CENTIMNUFE
G2 KKK=¢5/7% INC#+1 .
G3 XCL=0 .
c
C FEGIN DO LODP TO CALCULATE VELQCITIES AND ACCELERATIONS
C
o4 DO 220 WNS ] KKK
9% WRITE{6.280) XOL
96 THE TA=2.%P L& XCL
97 CFEP=C 4YP (MM )
QR IDF=CEF/DEFLIKC+2,
<9 FFEF=DEP/DFPINC
100 IF=FF
171 NDF=FFeFLCATC(IF)
102 IF(LCE ,EQ+0.C} ICP=IDP=]
103 €C=0C.
104 DO 21¢ x=]1,I0F
105 USUN=0,
106 VELNMZO0,
167 UASUM=0,
108 v ASUNVM=0,
109 DC 2CC I=1,5
118 UPU=[*U(I!*COSP(I*BETA*SD)*COS(I*THﬁlhi
111 VEVEI*UL T)*S IMF{ [SEETAPSC)I*S IN(I#THETA)
112 UELM=LSLME LPL
113 VEUMEVSUMEYRY
114 CAL=I*%2%U (T )*CCSHOI*EETASSD )RS IN(I*THEYTA)
115 VAVS[#*2%xU{ [1*SINH{ [ *BETAXSD)I*®COS(I*THETA)
116 UASUN=LASUM U AU
117 WASUNM=VASLMEVAY
118 3060 CANTINUE
119 LESUSUM*CEL
120 VP=y ELMECEL
121 AUZUASUMSCEL # 42 *DETA
i22 Avz=yASUNKCEL**2%PET A
123 WRITE( £.500) SN LP VP ALLAY
124 ST=SC+LCEPINC
129 IF(SD.GT.DEF) =D=0OFP
126 311 CONT INUF
127 XCL=XCL #+XLINC
128 3z2¢c CONTINLE
129 WP ITE(E. 2509
130 GLC TC 999
131 990 WRITE{E,ECLC)
132 999 WRITE{E.GCO W
123 GCL TC 1CrTO
13a 2000 WRITE(€,ZQCCHY
135 S FLCREMATIIL 2F10.5)

13



136
137
138

139

140

141
142

143
144
145
146
147

148
149

153

1<1
152
163
154
155

156

157
158
159
160
161
162
162
164
15
166
167
1éR
169
170

171
172

10 FORMAT{2F1C.%)
20 FCRNAT(SY 4 2{FI1C a8 ,45% 1)
2¢O FORMAT(IHL /7777477105, VALUES DEFRIVELD USING STOKES FIFTF ORDER %,

6TWAVE THFORY ',

V/A7277777+ LT " WAVE LENGTF TV FES wQ o/ /74T 174 "WAVE HEIGHT =,
FF10. 84 /77 T17."WATER DEPTH =Y JF1Cate /7 /2 T1T7 ot WAVE CELERITY =9,
GF 10,4 4+/77:+T17.*wavE PEPIOD Z 4 F10.4,//7/7s T17 "LAMSDA =,
EF1Cea}

257 FNRMAT( /477, T12,* VALUES CF CLCFFFICIERTS * o///4T2T ALl = 4,
TF1De0 ,SX ¢t AL3 = *,FL0 845Xy * ALS = YLFINLAL/ /72 TOT et AZ22 = P,
AE 1CaB,EX 48208 = " 4F I 4,5x%, * A3 = PLF 1D eda
3/77.TA74% AZH = YLF10 s 4, SMe Y AG4L = ' F10,4.5%,4" ASS = P FIQ B WS
GTLT % B22 = # ,FIP.G,8X," A24 = 1,F10,.4+45Xe" B33 = "F1028477/
STO7,® BIE = 1. F 10,4, EX,% P44 = 1,F10,8,8X,4" B5S = *+Fl10.4 /77
ATC? 8 CN = 8 ,F1Q 439X, C1 = VLRI04, X, C2 = VLo F1Gas 2773 TOT7

7Y C2 = ¢ F1CeB4SX%s" C4 = ¥ 4F1044)
260 FORNMATILIFL /7777 +T320, "wAVE PROFTLE® s/ // 4 T2C W X/L Y sS X *DISTANCE AQ
1CVE MWL® o/}
270 FORMAT( TICFIted,T28,F1Cea)
2HY FCRMAT (1+1.94{/7), T34, X/L 20 F7 @2 /7 TINS5y TIS,"HORIZONTALY o T34
I'VFQT[CAL'UTSJo‘prIZCKTAL'QTE?Q'VEFTICAL'o/'qu.'VELDCITY‘oTaﬁn
2OVELOCITY* yTaG, *ACCELERATIONTY s TES, PACCFLERATIONY 4/}
500 FCRMAT( Fl3.a,aF16 .8
300 FORMAT( tHL /777" DOFS NCTYT CCNVERGEY)
350 FCRNAT{//7+T20+% AL EIMFNSINNG TN FEFT, POUNDS, SECINDS.T)
9co FORMAT({IH1)
0005 FORMAT( /7772 T10y * st nkbdnkik STOKES Vv WAVE THENRY [£ NCT APPLICASL
1E FCR THIS FRCPFLEW ekt kkkknt S/ )
100 S1CP
EnD

C e A L AL S R s R AR RN R RS YRR AL R RS SRR S S A R AL b

SUBROUTINE SOLVEL{WL ¢ AMDAH T4D P +GsB23,H3E,85%)

C THFIS SLARCUTIAF CALCULATES VALUFE OF L AvMCA

C=COSH(2.,*FI1*D/swL)

S=SIRNF(Z2 xR AL/ WL)

AETA=2,%F[ /wL

EZ3= 3.8 (F X 326+ )7 EdaaS5%%E)

F3I5=(HR128 XCAF JGm2NB220. 40k %1 24 70RAR . xC % O0+5430%.%CkepPminleE,
P ERCKRELEZEG HCHKX BT,k CER2mA] L} /(12288 SR 2% (£ o *(¥x2m] )]
E55=(192000.#C**l£-26272ﬁ.tc*t14¢EEEEC.*C**12+20160.*C**1C~7290.
dHOCREES T FOACRRER PO (HCh24= 1050 ¥C 224225,/ (

W 1EPFPR RS R CH(E 3% ], P R{ F ok Crkgm] | ,4Ckx2+34))

TIVAX =50

=, 2

CHF=FAS4+ESS

CET=FI*HMH WL

L 28 I=1, [TYAYX

FCOToXwm[FIARX MKk ICK2 AN R *3mCET4X ) {12+ 3% 330Xk k2+TRCK2xx%%4)
ROIFF=R0C T

IFIABS(RCIFF ) J F.,CNC1Y GO TO 1CC

X==2CCT

2% CONTINLE
WRITE(6,200) FLCT
cTNP
tNC AMDA=X
270 FCFRWMAT(2X, 'CUOESNT CONVERGE AFTER 57 ITECATINNG *, 23X, *RCOT= *,

1IF 13«4

RETURN

F e

14



//7SCAT A

C.1CQ0C0O0OE 02 0,2000C00E G2 0.1000000E 02
441.777} £, 12C6H
485,2107 na125¢
459,3921 fel326
460 .6853 fe 132€
4561 .0850 n.133¢%
461,2087 Coet2aC
461 .24€8 Cel24C
461.2590 N".1340
4&l. 2625 C.13aC
4651 .2637 0.1340
461.2642 0.1340
46l.2642 Ce 124C
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VALUES DERIVED

All

AZZ

A3S

naz2

BJis .

co

C3

WAVE LENGTH

WAVE HEIGHhTY

wATER DEFTH

WAVF CEILERI

WAVE BERICD

LAVBD A

TY

1]

4€1.2€42

20.C000

160.0000

46.1264

13.0000

0.+1340

VALUES OF COEFFICIENTS

D482

CeE272

2,03Ca

5.3138

=0 0659

A2

A24g

A4 4

E24

Fa 4

4 =

= aCs EDG?

Cs0632

= =0.000¢2

= 1.2685

= Q9760

1.4C21

16

ce

A15

A3

ASS

P33

Fo5

USING STCKES FIFTH CRLCER WwWAVE THFECRY

=1.0312

=7 ,0010

0.0007

D.8261

1.2731

J.B8226



wAvE PRCFILE

X/L1 DISTANCE AECVE MwlL
0.0000 11.1445
c.10CC 8,23567
C«20CC Z.C19¢C
€C.2000 =3.8189
C.4CCC =7.5812
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0.00300

15000
3,0000
4 ,5000
6. 0000
7 «5000
9, G000
10.5000
12.0000
13.50C0
15.600¢C
16.5000
18.0600
L9 .5000
21 .00C0
225620
24 ,GCCC
25 .200¢
270005
28,5000
30.6000
31.5C00
43,0060
34 .50 2C
36.00C0C
37T.5002
39,30C3
40,5000
42 .00C4a
43,5000
45,0000
46.5C00
4R .,0CC0O
49 .50LD
51.050°C
52 5000
54 ,0MCP
535 +50C0
57 .0000
58,5000
AL JCCCD
61 5000
63.0000
54 45C 010
56,0000

FOR IZOANTAL
VELCCITY

N ,33971FF
Ce 340532
Ta34JECCE
N, Ra2ALAF
Cae29EF7E
1,345 20F
0. 345379E
C.24FECAE
feIRI4AZF
fa 2221 9F
035472050
C.3A57052F
T 3ICGEEER
«a 2FEZ21GF
« 2E€5C4AE
ZEBC2EE
« 3711 78E
« 3744G7E
» 37797 3E
Il E€PAF
SEE44 7
»3RI43SE
» SCTENZE
D« AGTGASE
C.a(32a€7F
C.a07170E
et 12056FE
Csal?l2cE
Vel P23B9E
C.a27E41E
n,allaprp
" L4 3IQ3RLE
Ce84S74E
N.,451622E
C. ASENT2F
TeBE47T4E
O.471H10F
TL4TETCAF
DLA%RCLEF
N,aQIASEIF

[o BeTre e B's TS B'e B B |
. = .

Y

61
Cl
€1
01
C1
¢t
c1
rt
f1
i
cl
o1
c1
o1
c1
o1l
o1
c1
c1
a1
L
01
1
Cl
ci
o1
ni
c1
~t
1t
cl
a1
t1
01
cl
cl1
Ct
cl!
o1
Cl
o |
Ot
ct
C1
el

X/ =

VERTICAL
VELCCITY

C.J00000E
€C.000000E
C.,0CCCCECE
€ .0C00CHE
C.200005€
{.2C00C2E
0.2C2000E
C.CCCCCCF
(.GCO0CCOE
C.000000E
C.R0000NF
£.0C0000F
C.CCOCCOE
€ .000000E
0.000060E
C.Q000CCE
C.00C000F
C.0Q0COCCLCE
€.0000C0E
C,00%00F
C.NGOCCOE
€ LOC00NNE
C.CPCCLRE
C.O0CC0CCCE
C.0000COE
C.0PQCCOE
f «AGO0COIE
C.CrCCCTE
C«2CGCGCOIE
C.0C0CCHE
C.CCOCCCE
n W QCCO0OF
C.0C0CCCE
C+«MCOCCCE
C+30CD0CIFE
C.0C0CCCE
T .0C0C0C2E
C.COCCCLCF
f.000CCCE
C.0C0N00E
C.0CCCCRE
€ .0GC000COF
C.0CQOCOE
CeICOO0UE
CL.O0N00CNFE
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C.0000

cC
oo
cC
00
cn
co
oc
cc
0o
Qo
co
ca
oc
00
00
cao
Qc
cc
oc
00
«C
o0
cC
oc
on
cJ
oo
ocC
00
co
ca
ac
ct
on
oo
cc
e}
ceC
v
00
cc
on
co
o0
09

HORTZONTAL

0.CCON00F
0.000000F
C. 20000 0F
0.CCOD0OF
C.CO00CIE
C,CCO00CE
0.000000E
Ca. COO0Q0E
C.CCOCO0E
C.023CO000F
C. CCOOCAE
C+.C0000C0F
0. CCOODOF
C.CQQO0D0E
0.C000CIE
C.CCO00OF
C.CINGCOOE
C«CO0203E
C.CCONONE
0.CO00C0JE
C.LCCCONE
0.CCOQO0DF
C.CA07NQE
0.CCC000F
0 +0000CHE
C. CCO0Q0F
0.CCO00CF
C.CCO00Q0E
C.CCIN0DE
D.COCN03E
C. CCOONIE
0,LCAG0NE
C.703000F
C.CCNCOCE
N.CNONCOF
0.020020F
C«LO0QOOF
0.003000F
C.CCORCCE
0.CAN000K
CaOC0COTE
C.CLO0D0DE
C.A7030%F
Ce.CCOCODE

«ZON00JE

ACCELERATION

ce
¢
co
co
on
na
20
ao
cG
an
Qc
oc
00
ne
00
an
oo
00
orT
0%
ne
oc
gn
oc
ols)
co
oc
o
o2
La3¢)
oc
ac
20
nc
o
on
e
Q7
e
N3
02

~

27
c2
c

VERTICAL

ACCELERATINON

=", Q20COCE

Qo

=J,45E2&7E=Q 1
=0,G12760E=01

=L, 126571E
= 41327 34E
=0.228588E
- 274EET7F
a3, 3%06063F
-0, P86%28E
-0 413377F
wl,4a6C033E
~0,506920L
=-3.554059E
=0, F21476C
=N, H49]195F
-G £97239E
=D, 745€¢ 34F
=0, 73440 14E
-0.E43572E
af; JBGALEEF
-CeG43210¢L
«~Ca.533730F
-n L 12447SFE
-0, 109€320E
=) 114E41F
=0.,12C112¢€
~C2125440F
= L1320834F
m, 1362¢C4F
=Jel41ECZ4E
«a,137427E
“w{.1531C5E
= .1556862E
-l.1047C1F
-0.170E74F
=0,176635E
-, 1E27?3FE
=) .138935E
=0, 19C221L
= a2d1LEZSE
=J. 238121 ¢E
~2J.2147472L
-t J2P14RTF
=0.22832CAF
N, 215269

cc
an
20
ag
oo
ce
ocC
QG
co
o0
Go
03
Q0
ca
nC
cn
ac
20
an
c1
a1
c1
01
01
ci
01
ct
a1
o1
Gi
n1
ot
11
ol |
o1l
o1
21
LB
el
Ct
¢l
a1



67 «5C00
69,0000
70 .5000
72.0000
73.5000
75.0000
765000
78 .C000C
79.5000
81.0000
82,5000
84 .0000
85 .5000
87..C000
BB.5000
90 .0000
91 .5000
93.0000
94 5000
96,0000
97.5000
99.0000
100.5000
102.,0000
183.5C0¢C
105.CC00
106.5000
10840000
1095000
111.0000
111.1445

0.501319F
0.509316F
CeE17EE2E
D.526027F
B0.5S2474FC
0.%43720F
0.552947E
C.SE242CE
0.572187E
CeEE22(SE
0.,592508C
0.503088E
Q. £13GEEE
0.62S511£E
C. €3ESTEE
QeEA4EIS2E
C.H67420F
Q.67281€E
0.68E539E
Ce. £GE8EGAE
Q.7116SCE
N.72573 3¢
Cu?73GEAZE
N.758429%E
3. 7€5125F
C.784342F
N.739945E
Ce EIECAHTE
N.BI2ISEF
C.84¢1P2E
N.BEGR2EF

01
o1
(o] |
01
€1
a1
c1
1
01
c1
o1
o1
cl1
1
€1
Cl1
01
01
01
Cl
c1
01
ot
c1
€1
01
01
ot
¢l
€1
cl1

0.0C0C00E
0.000000E
C.000CCCE
0 .000000E
C.000000¢€
C.00000CE
0.000000E
C.000QCCE
0.000000F
0.000000F
0,000000E
0.000C00E
C.00040CCE
C.000CCOE
0.000000E
C.000000E
0.0C0000E
C.COQ0CCLCE
C.0000C0E
C.000000E
€. 0CO0Q0E
0.0C0003%E
C« 0CCOCCE
C+GGCO0NE
C.CCODCOFE
C.CCLCLCCE
0 .000000E
Cae QOCQCCCE
C.0C00COF
C.000000FE
C.000CCCE
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0o
o0
cc
0o
00
co
oo
cC
60
a0
0oC
oo
ocC
0c¢
00
oC
oc
cC
cC
00
cc
0qQ
ocC
ocC
o0
00
o
cC
Gc
GO

00

0. CCOOO0GE
0,.,000000F
0. COOO0DE
C.0CO0000E
C.C000CGOE
C. CCOOOOE
0.000000€F
C«000000E
0.000000€
0.000000FE
€, CCO0COE
€.000000E
C.CO00N00E
0.CCO0O0E
0.000000E
C.CC0000E
0.CCO000F
C.000000FC
¢.000000E
0.00000CE
C.00GC0OGOE
0.CCo000F
C.COQ0Q0F
C.000N0A0CE
0 .C00QCOE
C. CCOOCOF
0.CG0000E
0.,080000E
C.CCo0COE
0.000000E
D.,00Q00CE

00
00
00
00
oo
oc
00
00
co
Q0
oc
00
00
co
co
oo
ocC
co
o0
o0
Qo0
oe
o0
00
vXe}
co
ac
oc
ac
00
°0

=0Q,242354E
=(,24956&67E
=) ,25691 3E
=0, 264 3GEE
=0,.,272020¢
=0,279790E
-}, 287710E
=) . 295785F
=0, 204C20E
=0,3126420E
=0, 320G89E
-0, 329733E
=03, 338658E
-}, 247 TEBE
=0,357071€E
=03.366570¢F
), AITHZT2E
-} ., 386184¢F
-0, 336210E
=}, 806ELSSE
m0.417236F
=0s428C4H49E
-} ,43%103E
=0, 450407E
a0 4KR1GETE
-0, 47T3TG1E
-, 4ESELEE
m) 498264 F
=C, E10528E
=0,523889E
-0,.525154E

a1
01
01
01
cl1
o1
o1
o1
o1
o1
01
01
ol
a1
01
o1
21
01
e1
o1
c1
o1
01
a1
al
C1
c1
o1
ol
c1
o1



0.C000
1.€9509
J.C000
45009
6 .C000
75000
9.00Q0
12.30020
12.000¢C
13.5000
15.0000
16.5000
18.6000
19.50C0
21.0000
22 .5009
24.002¢C
2525006
27.000¢C
£8,.,50200
3G .0000
31.5000
33.0000
33 .850NC
36,0000
37.52C2
39.0CC0
40.50C0
42.0C00
4345030
45 ,0C2392
46,5000
4840003
43,5000
51,0650
52 .500C
54 ..0000
559 .90C0
57.0C00
5R.5C00
63.0006C
61 «20090
63.0000
64,5060
66.00CHD

FCRTZCNTAL
VFLCCI TY

Ca27N41TE
(.27C467E
C.270847F
Na270928F
0.27122ZE
0.271881E
Ce27248€E
0.273237F
0.274105€
D.PTECESF
Q.276191E
fe277411LE
Ge2 TETHSE
C«2BO206E
C.2E17BZE
0.283479E
Ce2EE2CEF
C.ZETZ2EE
Ce289300F
(+2S148€F
N.293797E
Ce 2G8€235F
Ce2GRTEGE
0.371491F
C.2CA4313E
0.3072€4F
C.217348F
neZ13CELE
Ce316918F
C.22C4CEE
J3.324032F
Ne327798HE
O 2217CE€F
La3385756E
Ce2IGCHLIE
Ne344394F
0« 34A8785F
N.253427E
N.3%8227E
Cw 2€2173F
N3FBZELE
Ce37354GL
Le278GE(LE
N.2B4STEE
Ce3€CI3GF

Ct
c1
o1
01
a1
ci
Cl
01
c1
cl
a1
o1
¢l
(o} |
ci
c1
f1
t1
C1
€1
cl1
cl
ol
¢1
1
c1
01
(o |
C1
Ci
n1
Ct
c1
cl
Ccl
cl1
C1t
Ccl1
Gl
il
€1
01
cl
01
cl

X/L =

VERT ICAL
VELCCITY

¢ .000000E

c.10a0

ocC

Ced21532E=01
CeBAa3ZLESF -]

C.1265481F
Cel1€EETITE
C.211175E
Ce253€35E
Ca2S€EZ1EE
£ «3384645E
CaIFV1E3EE
Ce424S13E
C.4ER1GTE
Ca®117C¢8E
C.555468C
C.5CS4CEE
C.€43E2VE
G OHBAABTE
Ca?73342%F
N JTT7HTEOF
C. 824471 F
C.E870Q88SE
Ce17125E
CaGEALL1TE
C+10115RE
Cel059C4E
C.11CEC2FE
CellS5705E
C.12C€€EE
N .125685F
Frael30767E
(1355128
Ceslall127F
CelLELYZF
CalS17£9E
CealB7202E
CelE2712E
C216568306E
C.173GFA4F
Ns179749E
CelRS56Q04F
Ca1S1CC23F
0 «31G755GE
Ce2C374FE
C20G6865E
CeR21£352E
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ce
eC
cc
o¢
cc
og
ce
oC
a0
ce
ocC
e
0cC
oc
cc
00
cc
cC
Qe
¢C
31
N1
ot
o1
c1
o1
o1
01
01
c1
21
21
c1
1
g1
01
01
c1
el
cl
n1
01

HOR TZONTAL

0.129615E
0.129646E
Ce 125740C
0 212G897E
Ce13CG118E
Ca.130401E
C«.1320747E
Cs 121157E
Q.131631F
Q.132169F
CalZ2772F
Ue133429F
CelZal72F
0.124971FE
C.135835F
Cal136TETE
0.1 37766F
Ce 1ZER3IE
CelIGQETF
0.141175E
CGal4z24a50E
Ca.143737F
Ga 1A4E216F
0.146708E
CalARZTVSE
Ca14991€C
0.151633F
Qe 153427E
0.1283C0E
Ca157253E
Ce15G287F
0.161403E
0. 163603F
NelESREBE
O.168260E
C,170721E
0,173272F
Ca175915F
0D.178£52F
C.18148ac¢
Ce 1E441 4F
Ce1E7443E
C«130575E
0. 152810E
0.197152F

ACCELERAT ICN

ot
01
€1
ol
21
01
01
91
c1
o1
cl
o1
o1
c1
01
c1
q1
1
N1
01
o |
01
31
01
o1
21
G1
Q1
1
21
€1
c1
o1
c1
o3|
cl
nt
o1
c1
o1
21
01
01
01
g1

VERTICAL

ACCFLERAT ION

=~3. CCOCCOE

0¢

-0 o354 26T E=D) 1
0o 7NOBEGSE=D ]

=03+ 106244F
=3«1418B67E
=(e 1 77T4H4E4E
=.213121E
=2,2488R4F
-0+ 28876CE
=5.3207¢&4F
-0, 2956%512F
=) 2G3224E
*0.429713F
=7 .46863CEE
=0 533291 F
=C,S404a132E
=0.577780F
=3.615410F
=0.£53216F
-0 6915 23E
=.730C42E
=2.7ABRS3E
-0, BOBOG4 T
=0+ E4TEELE
=C ,837617E
=08 GP79T7HE
=G GBRTEEE
=", 100G9BFE
~N.10€1€7F
= ,139384E
=0.113651F
=0 .117GFE9F
“0,122342F
-C.126772E
=0 4131259E
-Cs1358CHE
=0.140418F
2. 145054 E
=C, 14GE3¢EF
=}.194648E
=3+ 159532F
w(a.1684F9E
=", 16952 4%
=C.174€Z€E
=0(,179Ff21F

02
Q0
ce
ca
o1y
o0
0o
1)
aq
a0
on
oo
nc
oc
on
ec¢
an
6l
co
00
cc
Q¢
0o
ac
n1
o1
01
c1
01
1
c1
ct
1
71
01
el
01
N1
"1
o1
ot

c1



67 «5000
69,0000
79 5000
T2.C0C0
735000
75 .0C00
7€.5000
78 .0600
79.5000
Bl.0O0O0
82 5000
Ba.C0CO
BS.5C0C
B7.CCCO
88 .,5C00
90 ,0000
91 .5000
FI.COC0
94,5006
96, 0000
7?5090
39.0000
100 «.S000
122 .C0008
103.5000
105 ,CC 00
16.50C0
108 .0000
108.23607

0.29&£272F
C.aC237¢CE
Q+40FE€CE
0,415122E
Catd217€E€E
0.4285S4E
Cs+ 43F€11E
CaO4Z2ZE1GE
£.450223C
CsaSTEZAE
1 .465628F
Coe4aT3ICIATE
0.4P1LESEE
9.490289¢E
C.acE98CE
0.5NT7812F
CeELEDLILE
C.E2€23GE
0.535R802E
CeS42€C7E
0. SEBESSF
N.565952F
Q.E7ESCE
¢ L,587315E
0.SC€E83S1E
0.609737E
N+62136NE
NsEIRZELE
C+635169F

c1
c1
cl1
01
€1
c1
o1
ot
ct
cl
ci
c1
cl
o1
o8 |
c1
c1
o] |
ct
cl
¢l

1

€1
o1
C1
01
el
o1
o1

CsZ222E1GE
0:229400€E
Ce23ECSEE
C+242918E
Cs24GEEAQE
C.25€832PFE
C.264146E
Ce2714€1E
C«27BS77E
Ce2EEELSE
C,a2G4352E
C«302328F
C+31C4Z5E
C <I1BEB5E
C.32711€F
CeIAZETIGE
0+3445Q2E
CoAEILESE
Ce3IC2626E
CeIT1IG7GE
Ce«3E1E22E
Ce3G1294F
Ce4ClZEEE
C.411461F
Ce421880E
Ced2ZE31E
CeB43021F
Ces4E4SET7E
CL.4563218F
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01
01
a1
o1
o1
01
o1
(o |
01
¢l
€1
al
01
o1
ct
o1
o1
el
01
01
01
01
01
01
o1
o1
01
c1
01

C.20C¢03F
Q.204164F
Cs2C7840E
Ce211631E
Qs215%42FE
CeZ215SET4E
N0.223731E
C:228016E
QecZcdl2F
0.236983E
C.241€71E
0.2456499E
S.251473E
0+ 2SEESSE
C.2561869E
Ce2€7259F
0 .272890F
Ce27H645F
Q+.2E4569E
Ce290667TE
C.2%€S43E
Q.323402E
C«310049E
0.31E889E
0a323928F
Coe3Z1172E
0 +338624E
Ce346294F
CGe3475245

g1
o1
c1
a1
o1
<1
c1
ot
o1
01
c1
01
cl1
¢l
c1l
a1
01
o1
o1
c1
c1
cl1
ol
¢l
01
(% |
01
01
ot

-0, 1851(9E
=0,150474F
=0, 195928E
=0,201475E
-0 ,207116E
-0, 212855F
=0.218€54E
=0,224637F
=0, 220EEEF
=) .2368BA45F
m0. 263117TE
=0.249€C4E
=(es256C12E
mC.2E2€4]1F
=0 .259398E
=0, 276 2B4E
() ,28332C3E
. 250459¢E
=L 2STTETE
w) .305199F
-0,312791E
=0, 320E235€E
“(,328438E
w(,32¢EL2F
») . 3447322E
-0, 353133E
=0 ,3561710F
-0 ,3704¢TE
=0, 3T1EE£EE

c1
o1
01
c1
01
c1
01
01
c1
01
ct
c1
”1
ct
Q1
c1
c1
o1
01
o1
o1
01
21
Cl
c1
71
ot

el
A §



D.CO0C
15000
3.0000
4 .5000C
60090
Ts 5000
9 +56GQ0
10.5000
12.¢C00
13,5000
15,0000
165000
18.CCCC
19.50C0C
21 .C000
2245C30
24 ,CO0C
25 .5030
27.0C6C0
2H .HC30
3C.0CCO
31 50079
33.0000
34,95CQ0
I/ .0000
37.5007
39,0007
40 4SN00
42.,30CC
43 ,57%¢C
4540000
45,5000
GRG0
49,5000
51 000D
52.5C00
54 .,0C0
H55 .56NGYD
57.C002
5K 9240
FO.CCCH
nlJE5INCH
53,0007
G4 .5050
[+ VI o XVE ¥

HCRTZONTAL
VELOCITY

Cae7E2RLE
C.G78EGAE
GC.973077E
CeGC7GCE L
0,.,981174F
FeSE2T4-F
C.SEQEERE
Ca985940E
e CRGEEPE
C.I925ZFE
e GCEEEIE
C.GGCERTF
0,170 31856E
CalCLP?GEE
Ca.1712€RF
C s 1C1777E
Cea1l02221E
C.1N29%1F
Cel1C3S1EE
NINGLETE
fe 1ARS IR
Tel1CEETFE
TalQF3IZ4F
Cs1C712FRE
CL.10795RF
fa. 108824F
TelDC727E
Cel1NAEARF
Call1F41E
rs 112652
f.11370"7E
Nalla?8EE
Ce1195906EC
Ce«117CEAF
S.118250F
O.11949CE
Cs 1P 7S FE
Nel22064F
f.1224CFE
CL,1c4T8EF
Me1252C1F
LelzZ7€8EF
Ne.l12914°50C
Tal20E72
£,132237F

ccC
<o
GO
cc

~

-

[s]
L

¢C
ccC
cC
oo
cC
GC
|

1
C1
1
cl
1
cl

e1
cl1

€1
c!
C1

c1
c1
ol
rl
¢l
c1
01

C1
rt
cl

€1
G1

c1
¢l
c1

¢
cl1

c1
i
ci

C1

x/L =

VERTIC AL
VFLOCITY

C.0000CO0E

0.2007

co

C.8554Ca4CEm(]

Ces121G10E
Cs1C7¢3RE
C.2¢40S€E
t.330289F
C.ALERTCE
CLa63I227E
Fe €2SCSIF
CaBCESSIF
C&664256E
Ce?721E10E
G ,JCCSTLCSE
Ce EFRTCL4FF
fag2€6C?GF
r.1005€3F
Cy1C7EL2E
C.114%1CE
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01
o1
01
1
01
ol
21
Q1
o1
o |
o1
c1
01
o1
o1
01
¢1
01

Na170990E
Ca 1 7S722E
C.18CE2BE
0.195410E
CalSN24ASGE
D2 .195358¢E
C.200436E
N.205CRTE
N.21Q812E
Cs21E112E
D .221490E
N, 226546
O0.232482E
0.238101E
C.Z42ECAE
0.2649592E
C«2554€7C
0.259110F

1
c1
o1
01
c1
21
c1
ci
01
c1
21
C1
cit
c1
cl1
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01
01



III. HORIZONTAL WAVE FORCE ON A LARGE SUBMERGED
RECTANGULAR BODY

(a) By Stokes' Third Order Wave Theory
(b) By Stokes' Fifth Order Wave Theory

1. General Comment
These two programs compute the horizontal wave force on a large

submerged rectangular body whose length is a significant fraction of the
wavelength. When the valume of the body is large enough, then practically
all of the entire force on the object can be considered inertial. The
inertial force in this case is computed directly from the pressure distri-
bution beneath the wave. It is assumed that the height of the submerged
object is only a small fraction of the depth, otherwise the refiection of

surface waves by the object must be taken into the computation of the

pressure.

2. Program Description

Purpose: To calculate horizontal wave force on a large submerged rectang-
ular body, given the dimensions of the body, the coefficient of
mass and wave parameters, i.e., wave period, water depth, wave
height. The depth at which the body is placed should also be
given.

Equations: The general expression for horizontal wave force, F, acting
on a rectangular body due to a wave is given by

F = CM - L-I . L2 - L3 b (Ap-l - ﬁpz)

where, CM coefficient of mass

-
1}

length of the body
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L, = width of the body

2
L3 = height of the body
Ap; and ap, are the values of the pressure anomaly at either end of
the body, i.e., at xl and X] + Ll'
Ap = p-wd
p = actual gage pressure

wd

hydrostatic pressure

From Bernoulli's equation the pressure anomaly is expressed as

2,2
ap = - o[- Tu + ({59 + g(s-d)]

where, s = elevation above mudline
u = horizontal particle velocity
v = vertical particle velocity
p = density
g = acceleration due to gravity
d = still water depth

€ = wave speed
The forces are calculated at elemental depths and summed over the height
of the body using Simpson's 1/3 rute. The body is placed at different
intervals along the wavelength. The Tength L] of the body is parallel

to the direction of wave travel.
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3.

Symbol FORTRAN
Name

C CEL
d D
Ciy CM
F THF
H H
L 5Ly
Ly SL,
ks Sty
L WL
T T
u up
v VP
p RHO

Notation

30

Description

Wave velocity

Stillwater depth
Coefficient of mass
Horizontal wave force

Wave height

Length of body

Width of body

Height of body

Wavelength

Wave period

Horizontal particle velocity
Vertical particle velocity

Density of seawater
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COMPUTER INPUT

The input data for horizontal wave force calculations on a submerged
rectangular body is read into the main program on three data cards.

Card 1 -

The first data card is used to input wave characteristics. Wave period
(T) should be typed in columns 1-10; wave height (H) in columns 11-20; and
water depth (D) in columns 21-30.

Card 2 -

The second data card is used to input the physical characteristics of
the body under consideration. The coefficient of mass (CpM) should be typed
in columns 1-10, the body Tength (SLT) in columns 11-20, the body width (SL2)
in columns 21-30, the body height in columns 31-40, and Depth (depth of body
above mudline; at mudline = 0.0} in columns 41-50,

Card 3 -

The last data card is used to input iteration constants. In the first
two columns Idep, number of increments along the neight of the body (must be
an even number), should be typed as an integer value. Remember, that if Idep
is a 1 digit even number it must be right justified in column 2. The other
value Xlinc, the increments along the wavelength at which one end of the body
is placed, should be typed in columns 3-T2 as a floating decimal quantity.
X1linc is the dividend of x, the horizontal distance, and L the wavelength.
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32
a3
34
as
36

//7$0PTICONS

oo AN ANO A AN

[aNaN3al

SRS SRR RS RRA SR AR R G S SRR DR SRR IR A SR kS AR RS E AR E SRR S ARRE N
EESSERRXE N EE RN S N gk g oo oot g b ok bt ol e ke b ol abc s ol ot ok e o o e ol vk e o ol ol e ol ok o b bk ok
Es Js CHACKO: COASTAL AND OCEAN ENGINEERING DIV.s
CIVIL ENGINEERING DEPARTMENT CE 68% PROBLEMS
VAR R ERERAER RS SRR RS RSN R ARk kb kkk kkk kb hkh kb kR kN
HORIZONTAL WAVE FORCE ON SUBMERGED RECTANGULAR BODY BY
STOKES THIRD ORDER WAVE THEORY
SRR RSEE LA BEE R RSB ENE SRR XA EER S REA R AR DR EREE R AR NN Rk R ek SRR E D
D = STILL WATER DEPTH
H= WAVE HEIGHT
T = wWAVE PERI]IOD
DEPTH= DEPTH DF BUODY ABOVE MUDLINE;: AT MUDLINE.DEPTH=0.0
SLI=LENGTH ;SLI=WIDTH;;SL3=HE{GHT
fDEP = NUMBER OF INCREMENTS ALONG THE HEIGHT OF THE B80DY
IDEP MUST BE EVEN INTEGER
XLINC = INCREMENTS ALONG WAVELENGTH AT WHICH ONE END OF THE
BODY IS5 PLACED

DIMENSION FP {10} .YP(10)+5V{100}
READ{S+10}) TaHWD
READ{(S+10) CM,S5L1,5L2:,SL3,DEPTH
READ(S5.,5) IDEP XL I NC
L=0
G=32.2
Pi=3.141533
RHO=64./G
WL =54.12%T*TY

12 X=2.#P1+D/ WL :
CF31=COSHI X)) ®*COSH{X ) *COSH{ X )*COSH{X)*COSH{ X ) *COSHI X}
CFAZ=SINHI X} *SINHIX ) ESINH{X }*SINH{X)*SINHI X) ®*SINH{X)
FAI=(Je/16: 1% (1 a+{B.*CF31))/CF32
Al=WLEWL/{(PI®PI*F3)
Bl=—H*WL*WL /(2. %P 1%P[%F3)
AS(—aSEBI+SART{ +25%B1 .BL+AL1 *ALI®AL/27,) )% {]14/3:)
B=l{—+S5*BI1-SART( +25%¢B1*Bl1+AL*AL*AL/27.))
BE=8
B=ABS{O)*%(]l +/3,:) .
SIGN = 1.
IFIBB«L.T40u) SIGN = -1
A=A +SIGN*B
Cl1=144+4,5COSH{24¥X) *COSHI2 o #*X }
C2=16*SINH{ X)*SINHIXI®SINHI X} *SINH{X)
C=le+{{2.4PIRA/MLIERZ )01/ C2
WLT={ aS*GETET/PII*{TANHE{X ) ) %C
WRITEC(G.11L)WL JWLT

111 FORMATI(SX+2E16.8}

DIFF=wlL-WLT
WL=({WL+WLT)/ 2.
IF{ABS{DIFF) «GT «0.01)}G0Q TO 12

END OF I[TERATIVE RROCESS TO SOLVE FOR ACTUAL WAVELENGTH

CF2=(2.+COSH{2.4#X})*COSH(X)
CF21=2.*SINH{X)*SINH(X)*SINHIX)}
F2=CF2/CF21

CEL=wlL/T

Al=A/NWNL
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iz
Ja
39
40
41

a2
a3
44
as
46
47
as
a9
S0

51
52
53
54
55

56
a7
S8

59
60
61
62
63
64
65
66
67
68
69
70

71

72
T3
74
15
76
T7
78
79
890
81
B2
a3
24

e alg]

[

45

310

400

A2=PIL®AL¥ALXF2

AZ=PIsSPIkALI®AI*®ALXF]3

Fl=2 . #PI®A/(WLE*SINH{ X))

F2=3 ., %P IXPT*ASA/{WLEAWL XSINHI{X)*SINH{ X) *SINH{X)*SINH(X))
F]:(((3./16-’*pl*pl*h*A/(HL*HL),*(llo—2o‘CUSH(20*x)l/lSINH{X)**?.)
Lie2 ., %P1 ®A/ W

YCS(AL+AZ#AZI*WL

YT=YC-H

WRITE(Es200) WL sH Ds YCoYTHCELsTsALIA2Z,AZFLF2.,F344A
WRITE (64.210)

WRITE{H+270) SL1+SL2+5L3.CMDEPTH

XINC=SL1/WL

DELTA=SL3/IDEP

CON=CMESLZ2

MM JDEP+]

GENERATE SIMPSON'S VECTORS

SVil13¥=1.0

DO 45 KL=2.,MM,2
SVIKL 1=4.0
SVIKL+1}=2.0
SVIKL+1)=1.0

END

KKK=CaS/XLINCH]) «
XDL=0.
WRITE(G6.+260}

BEGIN DO LODP TO CALCULATE THE WAVE FORCES

DO 410 JJJ=1 +KKK

SD=DEPTH

XML = X DL

DO 400 JJU=1.2

FP{JJd)=0a0

THETAZZ2 %P L £ XML

TH=THETA

D0 310 K=1.MM
YS=WL®{AIXCOS{THI+A2%COS{2. % THI+AI*COS(34a*TH} )
YPlLJu4)=Y¥YS

KY=Z 4P &S0/ WL
U=T{F1*COSHIXY)*COS{TH)+F2¢COSH{2*¥XY)*COS{2+*¥TH)}+FI*COSH{ 3. € XY ) *(D5
1{3.%TH) ) #CEL
VE(FI1#SINHIXYIRSINITHIF2&S5INHI 2 XY ) RSIN(2.%#TH)+F3*SINH{ 3. 5XY)*G]
2N({3«%TH) I XCEL

uP=u

vP=V

LPS=UP®x%x2

VRS wFR%x%x?2

DP=~RHO*{{ ~CEL ) ® UP+{ UPS+VPS ) /2.

FRIJII=FP{ JJ)+DP%SVIK}

SD=SL+DELTA

CONT INUE

XML=XMi_+X]NC

CCNT INUE

FL={DELTA/3,.)*x{FP{L1)-FP(2}}
OHF=(YP(1)=-YP{2))®G*SL 3% {(=-RHD)
THF=CGN®{(FL +DHF )
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as WRITE(6+500) XDLTHF

B6& XOL=XDL XL INC

a7 410 CCNTINUE

a8 WRITE(6,850)

a9 GC TO 999

90 999 WRITE{6,900)

91 S FORMAT(I2.:F10.5)

92 10 FORMAT(S5FL10.5)

93 200 FCAMATIIHL W/ ///77:T15,:° STOKES THIRD ORDER WAVE THEORY .,
1 //7777+T20, "WAVE LENGTH =% F10.3¢/77/+sT20.*WAVE HEIGHT =,
2F10.3.777+720." WATER DEPTH SV FL0e3s7//+T20.9YC =1,
IF10.3:777:T20,0YT =9.F10.434//7/2T20,WAVE CELERITY =1,
AF1043+77/+T20.* WAVE PERIDD =% F10s3¢ /772 T20,%A1 =1,
BE1847e//7sT204 A2 SO EL8 T/ /7 T20,*A3 =,
BELA T+ /77 T20,"F1 =V qE14 4T 77/ 2 T20+'F2 =9,
TEL4 T +/ 77+ T20,F3 =V E14472 /7774 T20,%A =,
BE14.7)

94 210 FORMAT(1HL)

95 370 FORMAT(10(/) +T20+* DIMENSIONS OF THE BODY *¢///¢T204" LENGTH = *
1+F10.5:/7+T20:" WIDTH = '4F1045¢//T20s' HEIGHT = ¢ ,Fl1045.,///

2.T20+% COEFFICIENT OF MASS = ¢ ,F10.54/7/+T20+'ELEVATION ABOVE MUDL
JINE = *,F10.5)}

96 260 FORMAT(1H1,10(/)+T204+" X/L *,T30.% HORIZONTAL WAVE FORCE *.//)
97 S00 FORMAT(TI9:sF6.4.T33:E1646)
98 B850 FORMAT(//+T20,ALL. DIMENSIONS IN FEET, PCUNDS. SECONDS.')
99 900 FORMAT(1IH])
100 sYoP
101 END
//7SCATA

0.51199S70E 03 0.44147460E 03
0.4767T3700E 03 0.45485270E 03
0.46579490E 03 0,45901610E 03
0+A6240550E €3 0.46030540E 03
0:46135540E 03 0.,46070500F 03
0.,46103020E 03 0.46082860E 03
0.46092G40E 03 0.45086710E 03
0.46089810E 03 0.46087890E 03
0.46088840E 03 0.46088280€ 03
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STCKES THIRD ORDER WAVE THEDRY

WAVE LENGTH = 460.885
wWAVE HEIGHT = 20,000
WATER DEPTH = 106.000
YC = 11.094
¥T = -8.,906
WAVE CELERITY = 46.089
wAVE PERIOD = 10,000

Al = 0.2137926E-01
A2 = Q+2373039E-02
A3 = 0.3181179E-03
F1l = D.7354176E-01
F2 = 0.121577T3E-Q2
F3 ==0,.,7278398E-05
A = 0.9853394E 01
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DIMENSIONS OF THE B80DY

LENGTH = 100.00000

WIDTH = 150.00000

HEIGHT = 10.00000

COEFFICIENT OF MASS = 1.50000
ELEVATION ABOVE MUDLINE = 0.00000
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X/L HORIZONTAL WAVE FORCE

0.0000 ~-0.900264E 06
0.1000 -0.980430E 06
0,2000 -0.592653E 06
0.3000 -0.,224642E 06
2.4000 0.321549E 05

ALL DIMENSIONS IN FEET. POUNDS., SECONDS.
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COMPUTER INPUT

The computer input data in the horizontal wave force prediction by Stokes
Fifth Order Wave Theory is divided between 3 cards.

Card 1 -

The first data card is used to input the physical characteristics of the
rectangular body. They include the coefficient of mass (C_), body Tength (sL1),
body width (SL2), body height (SL3), and the depth of the 'body above mudline
(depth). The format referenced by this read statement requires 5 floating point
quantities to appear on the card each with a maximum character field of 10 spaces.
Therefore, the coefficient of mass should be a floating peint number entered in
columns 1-10, body length in columns 11-20, body width in columns 21-30, body
height in columns 31-40, and for this program depth equals 0.0 in columns 41-50.

Card 2 -

Card number two is used to input program commands and iteration constants.
Num, Idep, and XIinc. Num is an integer value used in the program to determine
which wave characteristics are to be entered. If wavelength (L), wave height (H),
and water depth (D) are to be used then Num should be set equal to 1 by typing 1
in the first column of the second card. If wave period (T), wave height, and
water depth are to be used then Num should be set equal to 2. Idep is also an
integer value representing the number of iteration increments along the height of
the body. It should be typed in columns 2 and 3 (remember, however, that if Idep
is a one-digit integer it must be right justified in column 3}. The next ten
spaces, columns 4-13, are reserved for X1inc. This value is a floating point num-
ber which denotes the station increments along the wavelength at which the force
is calculated. Hence, Xlinc equals .1 if 10 stations are desired, etc.

Card 3 -

Card number 3 is used to input wave characteristics. If Num is equal to I,
then wavelength , wave height and water depth are initialized. Conversely, if
Num is equal to 2, wave period, wave height and water depth should be used. The
format (5F10.5) requires that wavelength or wave period be typed in columns 1-10,
wave height is columns 11-20, and water depth in columns 21-30.
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PROGRAM LIMITATIONS

This program was set up to operate under certain limiting conditions which
will necessarily require Stokes Fifth Order validity. If these conditions are
not met then the program is directed to halt computation and cutput: “"Stokes V
Order Wave Theory is not applicable for this problem". These conditions are as

follows:

D . H ,
T > .039 5 > 0.2 and if

Le Mehaute™s conditions are used,

%2 > 0.2 and %2 > 1.0.
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17
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12
13
14
ts
15
1
18
19

//78CETICNSG

T R T T T 2 s a2 S LSRR NS R S AR RAL S S R R AR LA Rl A b
FOCRTZONTAL WAVE FORCE DN SUBRNMERGFD RFCTANGULAR 50QDY RY
«TPKES FIFTH CPCER WAVE THEOQKY

T e T T T L Pt Lt R T R T e S 2 A RIS R R RS R A bR LA bt
C STILL WATEFR CFDTH
T wAyE PEFILD

H= WAVE HFEIGHT

AUNM=1, WHEN Lyatal, APF KNOWN: § ANLWN=2, WHEN T,H,D: ARE KNOWN
NEOTH= NEPTH CF D0DY ABCVE NUCLINE] AT MUCL INE,DEPTH=0.0
SLI=LENGTYHISLI=wIDTHSLI=HEIGHT

INEF = ANUMPEF OF IACFENMENTS ALONG THE FEIGHT OF THE RODY

INDFP MUST BF FVEN INTEGER

XLIRT = INCFEMENTS ALONC WAVELENGTE AT WHICH CANE END CF THE

ACNY 15 FLACED
S te MEASURED FOSITIVFLY LPwAPDS FRCM THE MUCLINE

LTMITATINNE 2 Cr/L> " 4079, /DDA L2 AND D/T*T > 0,2

sl NNl e Ea N e e NaNAN N NN Na KN e Na

CINMERNSTION UCICYI Y10 VFILD),FR 10}, SVILION)
'.’FK:“..
N=%
CREAN{R 411 CWSL1+SL2 5L ,CEFTH
EFAC{E 4%) NUMWIDFP, Xt INC
GE TE (7,8),NUW
7 BFAD {417} WLLF 4D
POTINT WL +HD

C CRECK TrE LIWMITIONS

SHAY =T /WL
ChHAI=H /D
IF(SERAL AT D ."26) GO TO 2700
IE{SHAP LTHC 2N ) CC YC 2700
GO T =
8 RFAC{S,.,17) T,F,C
PRINT T ,HWD
NT=2,141F
G=7P.?
DHO=F4, /C
WL=raTR.2/ (2 %0 1)

[}

CHECK THE | IMTTTINE

-~

cHat =N /swL
Ska2=t+/C

FRE(SHAL LT LC,L,"326) €C TC 200r
TF(SHA2 LT T,2C Y T TC 277G

wirC=WwL

30 CALL SCLVEL(WL o AVCA s T4 DeFIW+G+FI3,FIE,RA3R)

EFTA=Z,.,¥2 /WL

SzCIRH (2 ,AC [0/ WL )}

C=CRSH{2 0T *C /L)

CI={P e GmD WX 4D, J /P ®Ck%Y)

CH{ A4 Rk ChRI2mArGAR ¥ CER1L V42362 ,+C*¥+Hal )R SCHXA4S044 . HC R &=]330,
ROk R P4 1A TG Y /L E1ZE* ¥ )Nk (F o k(¥ kDP=],))

AND ARz PWT Akk?

AMDAA=AMAIAKES
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33 EEOTN (2142201 MUM

T4 21 wLr=wl /{TAMNH(EETARL ) * (] +A¥MCAZ%C ! +aNCAAXCD))
35 T=SAPTIW . O*Z,#0 [ /G)
35 or Tr =~
a7 22 CONTINLF
1R WELT=WLO*TANPLEETAAN ) (1 4AMNADHC) $AMDAARC D)
g DIFF=wL=%wl T
49 wL=IWL+WLT )/ %,
a A=A 41
42 WETTE[FA,2") WLT,AMDA
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4n FRIFF-CHK=AND A
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s AISc =l 1 1FG kCHE 1rm 447, #C kK Fa] OCD XM XEAL2FA 4] ,HCR B D30 HCREZ 414, )
WA {1ATAR L eERR] )
sS4 AT2=3,7(F,kCH %4 )
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=6 ATT=( 1 Tawg R ChkZ Y/ (RO kST %T)
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<3 AGE s [FRAT  HCRK | Fm73AP] WCRRR L IZA0 "7 SO Rm 20 N0 #C ke a4V E3J T %
Wt a1 FAAE , AR]85 JCHRT | M{F HCHEDm] , JH(R, *Chx4al] aC*4243,13)
L0 BRI (7 (kw20 /{8 ,#Skx])
=1 DA =072, Ok BmErs) K KEARmIUT (kA% 8 47327 kC* 2247214}/ (3P4, %5%%C)
£ FA9=2 ([ B2 hAF 4] , )/ 64, %kCHEF)
€3 FAASCH (TAO ¥ (2% ] " ik RCkIRmAR (kA KEF AR, kCEXALINFA ACEK D], )/
el PG HCHXGEL £ KTt Tmt L))
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71 YIIN=AMMAIR( R34 ANPAZARAE)
T2 YI(a)=2NnMB4axF44
7R ¥{C)zAMDAGARGS
Ta LY )=AWDAR{ AT 1 +AMNAZAAI 24 AMMALYALIE)
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7 CETY o AVNASR{ ASSHANDA TR ARG
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IV.  WAVE FORCES AND MOMENTS ON A CIRCULAR
CYLINDRICAL PILE

{a) By Cnoidal Wave Theory
(b) By Stokes Third Order Wave Theory

1. General Comment

The two programs inc1udéd here calculate the wave forces and moments
on a circular cylindrical pile. fhe first program uses the Cnoidal wave
theory which is best applicable within the range of 1/50 < d/L < 1/10.
The second program uses Stokes third order wave theory which is best
applicable for relative water depth, d/L greater than 1/8.

Programs developed for the two theories have been modified to obtain
wave forces and moments, The forces and moments are calculated at different

positions along the wavelength.

2. Program Description ]

Purpose: To calculate forces and moﬁents on a circular cylindrical
pile, given wave height, wave period, water depth, size of
pile, coefficient of mass and coefficient of drag.

Equations: Morison's equation is used to compute the total force,

FT’ given by
Fr=Fp*Fy

where, Fp = drag force / unit length

FM = inertia force / unit length

Fp=1/20 - ¢y« D - U2

Fy = 1/4 10 Cy D2 4
where, D = diameter of pile

CD = coefficient of drag
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CM = goefficient of mass

density of seawater

u = horizontal particle velocity
%%-= horizontal particle acceleration

The total moment about the mudline is given by

Mr=Mp + M,

where, MD = moment due to drag force
Mm = moment due to inertia force

'/'n+d
My = fy - s - ds
Do, D
n+d
ﬂn= fq © s - ds
0

elevation above mudline

fl

where, S

water surface elevation above mudline

n+d

The velocities and accelerations are calculated at elemental depth
increments and elemental forces and moments are computed at these depths.
The forces and moments are obtained by summing their elemental components

using Simpon's 1/3 rule,
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3. HNotation

Symbol FORTRAN Description
Name

Cnoidal Stokes Third

a, AX upoT Horizontal particle acceleration
C CEL WAVEV Wave speed

CD CD Ch Coefficient of drag

CM CM CM Coefficient of mass

D DIA PDIA Pile diameter

d D D Stiliwater depth

FT TFORCE FAREA Total force

FD TFCD FARE1 Drag force

FM TFCM FAREZ Inertia force

H- H H Wave height

k TK — _ E1liptic modulus

L WL WAVEL Wavelength

MT TMOM BAREA Total moment

MD TMCD BARE] Drag moment

ﬁ“ TMCH BARE2 Inertia moment

T T T Wave period

u u UVEL Horizontal particle velocity

p RHO RHO Pensity of seawater
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COMPUTER INPUT

Data is input into Cnoidal wave theoretical prediction of forces and
moments on a cylindrical pile on four cards.

Card 1 -

Data card number 1 is used to enter interval iteration variables and
commands. The only parameter that need be specified on this card is Num.
Again, Num is used to discriminate between different sets of input data with
which the computer is able to work with. If Num is set equal to one, the
program is set up to work with wavelength (L), wave height (H), and water
depth (D}. If Num is set equal to 2, the program is ready to utilize wave
period (T), wave height, and water depth. Num is an integer value and should
be typed in column 2 of the first data card. The other program parameters on
the first card need to be initialized as a zero value. The simplest way to
do this, in this case, is by leaving the rest of the data card bilank.

Card 2 -

The second data card inputs either the wavelength or wave period, wave
height, and water depth depending upon the value of Num on the first data
card. All numbers on this card are floating decimal point numbers and should
be typed in as follows: wavelength or wave period in columns 1-10, wave
height columns 11-20, and water depth, columns 21-30. Format statement 100
is used for this input sequence.

Card 3 -

This data card is used to enter the physical characteristics of the pile
under consideration. Format statement 100 is also used denoting each value as
a fioating decimal point number. The values are coefficient of mass (CM) in
columns 1-10, coefficient of drag in columns 11-20, and diameter of pile in

columns 21-30.

Card 4 -

The fourth data card is used to enter the incrementation constants. These
constants are Depinc, Xlinc, and Ncode. Ncode has a special significance if it
is set equal to 1, the pile top must be below the crest of the wave and Topht,
the distance from bottom to top of pile, must be entered on the 5th data card.
Depinc must be an even floating decimal point number and entered in columns 1-10.
This value gives the depth increments at which forces and moments are calculated.
Xlinc increments of X/L at which forces and moments are calculated. It also
should be a floating decimal point number and entered in columns 11-20. In column
21, Ncode should be entered; 1, pile top is belowcrest and blank if pile topexceeds
wave crest.

Card 5 -

Topht, the distance from the pile bottom to top, should be entered in columns
1-10 if Ncode is equal to 1.
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VALUFS CERIVER USING CNCIDAL WAVE THENRY

WAVF LFNGTH = TERL272
WAVE FFTCHT = 3C.NCC
WATFR DFRTHE = 1{fNCC
ye = 117,424
vT = E7.,4218
wAVFE CELFRITY = E1.715
wAYS PEQTON = 15.0CC
Wk 2 = 733
L = 2,128
Trr) = 1.221
TkSCRT{r/N) = P L5112
INELT DATA
FrTANMETELS FE DILF - 4 CONFT
v = 1,409
ce = 1 .NED
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0.0000
0+0%00
G.1000
G.1500
0.2000
@.2500
0.3000
03500
D«4 000

0.4500 .

ALL UNITS TIN

CRAG FORCE

03805525
0+ 353C3493E
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0.8893875E
O+4441492E
0.206060172
0.%53856322
=0.5664318E

[ 1]
05
05
as
o5
04
(L]
o4
03
o2

FEET.

POUNCS,

IMERTIA FORCE

0.1229529%
0.59242467
0.107E888E
O»1401107E
C 15561982
O.153z882%
0.1%31223E
Qe 145611i2E
0. 13538103
0.1225724E

03
Qoa
9%
05
a5
13
o
as
05
[+

SECIONDS

DIAG MOMENT

Qe2929225E
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0.1580610E
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0.234190€E
0.947] A425E
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08
05
oS
+23
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INERTIA MOMENT
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0. 4593281 6E
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05
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03

05
05

TOTAL MOMENT

0293961 AF
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0.98063T2E
0« 7T95813E
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COMPUTER INPUT

The input format for Stokes III order theoretical predictions of forces
and moments on a cylindrical pile is in accordance with the fortran watfive
language wiht which the main program was written. The input sequence is
divided into four cards.

Card 1 -

The first card is used to enter the wave period (T}, wave height, and
water depth (D). The format card corresponding to this input sequence is given
as: 999 FORMAT (8 F 18.4). This means the computer can expect 8 quantities
having 10 total digits including the decimal point and 4 digits to the right
of the decimal point. The computer will read the card expecting the first
value in columns 1-10, the second value in columns 11-20, etc. Thus, the
wave period should be entered in columns 1-10, wave height in columns 11-20,
and water depth in columns 21-30. Care should be taken in placing the decimal
point. Do not leave these quantities as integers, each column left unpunched
will be read as a zero. Thus, if you simply enter 10 for wave period instead
of 10., the value read by the computer will be 1,000,000,000. The same reasoning
applies to the wave heigth and water depth.

Card 2 -

The second data card contains the limiting values for the iterative schemes
employed in the main program. Format card 600 which is used to read the second
data card is given as: 600 FORMAT (215, 7 F 10.0). This means the computer
expects to read 9 values (in this case only 4 are used), the first two of which
are integer values containing a total of 5 digits and the Tast 7 real numbers
containing 10 digits with the number of decimal places unspecified.

The quantities to be read in to the program respectively then are Numinc,
Numthe, Theta, and Vincrm. Numinc and Numthe, are integer values; Theta and
Yincrm are floating decimal point numbers. In the first five spaces, Numinc
is typed. It must be right justified, that is, if Numinc equals 10, 10 must
be typed in columns 4 and 5. The same reasoning applied to Numthe in columns
6-10. Theta and Vincrm should then be entered in columns 11-20 and 21-30,
respectively, with the appropriate decimal points. No right justification is
reguired in this case.

Card 3 -
Data card 3 is used to enter PDia (Pile Diameter), C, (Coefficient of mass),
and C. (Coefficient of drag). Format 601 is used, denotiﬁg all numbers as floating

(
decimgl point numbers. Hence, pile diameter should be entered in columns 1-10,
Cym in columns 11-20, and C, in columns 21-30.
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Card 4 -

Data card 4 is used to input Ncode (code designation: O if pile top is
above wave crest and 1 if pile top is below wave trough. Note here that pile
top cannot be between crest and trough for this program.) and Topht (distance
from bottom to pile top). Topht is entered only if Ncode equals 1. FORMAT
502 is referenced and given as: 602 FORMAT (IS5, 5X, F 10.0). This means that
Ncode should be an integer value containing no more than 5 digits and right
justified in columns 1-5. If Ncode equals 1, Topht is required and should be
entered as a floating point value in columns 11-2C.
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USIKNG &TCkes [11 CPDER THENRY
Akk Ak xhkkkk kR kA kd ko h ko kAt ok kb a ok kok bk kk kb ek kS ko Rk kR ok kK &

CALCUYLATION NFE SMALLA AND wANELI EAGTH

Feany PAaTA

- LFERTN
= WAVF FFJOET
MrDTH

T 4

CIMENTION SY(E7)
CRAD(E ,A7G )T+,
QQC FMDMAT(RELIL , 4)

=13 ,7
PT=T,14%6C7
Wl =R L1 3AT T

17 V=" A TR s
CETI 2 NS X} RCOSA(Y I CrSH{Y )2 COSH{Y JHCISHIX Y *CTSH(Y }
CRI22S IR X JASTMNRP{X )28 INHEX) *S INFO Y YISTNH{ X} e N X))
ERs{ T /1 F )R {1+ RLACFIV )Y/ CF 7
AtT=wl kwl {OTRDT *F 3)
Y o=bw) 29| /{7 %P TRDTHF )
Ao =, B%B8 14 SCRQ T (PF &I RGLeAlXAIRALI /27 Y1t ,/34)
Tzlm a7 aRIaGOHT (28R T A1+ 1RALINE 1,727, 1))
P=Adn{Ajy&y 27332339
Of={ =, F¥11=mSNRT{ ,28%7]1 %1441 %01%481/27,))
L3 el N - 1
I1S(OT L LTeMNe) SIGN = =1,
A=A 47 TOR AG
FCI=18 48 LRCOSH( 2.0 X 1T 0 H({2,2Y )

Pz A AT [MHI XY F ST I ) RSTNHE X YRS TRH[ Y )
ST e {7 R ETE A st YRR L YACY SO
Wl Yzl "= ThT /O )afTANHIY ) XC
PIFF= gyl =t ™
WhEITEA 1223wl WL T
127 FroMaT( s, 201 F, F)

wlefwl $WLT Y2,
TETARC(NIFE) aCGCT o™} 20 T 17
TWAL L ATA
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WAV zwl
Ay FO=T

TE A AT A
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Ia
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36
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a0
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a2
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as
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50

51

52
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55
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57
58
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NUMINC = NO. OF TNCREMENTS TO USE IN THE ‘*SIMPSON®* NUMERTICAL
INTEGRATION SCHEME., TWENTY (20) INCREMENTS WILL GIVE SUFFICIENTLY
ACCURATE RESULTS. 1T IS IMPORTANT TO NOTE THAT ¢NUMINC® MUsT

BE AN EVEN NUMBER.

NUMTHE = NQOs OF THETA'S AT WHICH FORCES AND MOMENTS ARE TO BE
CALCULATED.

THETA = INITIAL PHASE ANGLE AT WHICH FORCES AND MOMENTS ARE TO

BE CALCULATED (RADIANS).
VINCRM = ANGLE BY WHICH THETA IS IMCREMENTED AT EACH STEP (RADITANS).

SMALLA = "A® USED IN THE STOKES THIRD ORDER FGRMULAS (FEET).
DEPTH = DISTANCE FROM BOTTOM TO SwL (FEET).

WAVEL = WAVE LENGTH (FEET}.

WAVEP = WAVE PERIOD (SECONDS),

POTA = PILE DIAMETER (FEET).
CM = COEFFICIENT OF MASS (UNITLESS).
CD = COEFFICIENT OF DRAG (UNITLESS).
RHO = MASS DENSITY OF WATER (LBD.=SEC.{SG+]/FT.).
NCODE = CODE DESIGNATION
0 1F PILE TOP IS ABOVE CREST
1 IF PILE TOP IS BELCW TROUGH
NOTE THAT PILE TOP CANNOT BE BETWEEN CREST AND TROUGH
FOR THIS PRCGRAM.
TOPHT = DISTANCE FROM POTTOM TO PILE T0OP. TNPUT ONLY TIF NCODE = 1

PFAD(S5,600) NUMINC NUMTHE ,THETA,VINCRM
READ(S5,601) PDIA,CM,CD
PEAD(S.602) NCODE.TOPHT

DEFINE CONSTANTS

GRAYV = 32,2

PI = 3.14189

AHO=64./6G

Cl = 2.%PI*DEPTH/WAVEL
C2 = 2.%P[ /WAVFEL

C2 = PI/WAVEL

C4 = CDRRHO#PDIA%*0,.5S

C5 = CMXQHORP[«PDIAXPDIA*0.25

CNt = COSHIC!})

s01 = SINHI(CL)

SF2 = CO1R{COSH{2+%C1 ) + 24)/{2.%501%%3)

SF1 = (24.%CO1%%kA &+ 34)/7(16,%S01%#8)

F1 = C2%SMALLA/SO1

F2 = DTSR {C2*SMALLA) *%2/50]1%%23

£ = {1,764k {CP2RSMALLAYR*I%[(11. = 2,*¥COSH{2.,*C1))/5D01%%7

DETERMINE WAVE VELOCITY
WAVEY = WAVEL /WAVEP
WRITF INPUT

WRITE(6,500)

WRITE(&,501)

WRITE{6,5S02) WAVEL ; WAVEP +WAVEV, SMALLA
WRITE(6,503) DEPTH.H

WRITE(E,S04a) PDILA.CDsCM

WRITE(6,50%)

WRITE(/,508)

WRITE(£,506)

WRITE(&6,5071)
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S9 WRITE[ £450F 1}

a0 WOITE(FyFQ 7))
<
C DFETESVINF SIMESCON®'S VECTAR
C
A1 KKE = KUMINC 4+ 1}
67 sy(1) = 1.C
53 RC &% JJd = 2sMIVIKC,?
fa svwliJJyy = 4,0
aS "~ SYtJ1+41)r = 2.0
&6 Snl{JJ+1) = 1.0
C
r FEFLTN LIFCO® TO PFTERMINE FAQCFS AND WOMINTS
¢
AT ITRIIN=NUMTHE 4 ]
B! Cr 12" J=1 . ThUM
~0 SInl = CIN{(THETA)
kde) SINT = STN(Z,*THETA)
71 CTINT = STIM(2,*THFTAY
7 el = CRS{THETA)
73 CNS2 = CNS{2.4YHETAY}
7o freal - rS(1,&®TREETA)
7S ¥ = SWALLAKRCCS] + CTRSMALLA*SMALL A*SF2ALNS2? 4 CI®CIASMALL A%
1 Smal | AaxSALL AXSFIXCMNGSR
TA TR{NCANE ,EQ,1) &N 10 &7
77 ¥rIsT = ¥ 4+ DEPTH
7o Gr T 7A
g A~ ¥NTeY = TOPHT
373 7 LB Ta = YOIST/NUMINS
21 enY ST = Tu%
Az FARSY = 7,08
a2 FADED = N5
R4 RapE Y = T, "
H3 FATIE 2 = 7,0
A rr 207 K o= ] KKK
a7 CoN = C2*ENTSTY
HE 111 = F1sCNER{CONY
ag U2 = F2ECASh{2%CON}
an 1) = FIxCNSH{ . xCOM)
11 UVEL = (ULIECISL 4 UPACTS? ¢ UIACTER ) RwAVEY
a2 UENNa = UVYEL*XARS{UVEL )
S73 ureT = (U1*S TN ¢+ UPHSING + UTRCTMNI)RCOXWAVEVRRAVYFE Y
as FACNFY - FAREL + SVY{K)*USGRD
LRt TADFEE = TARFZ + SVIKYELDAT
A28 AP = EARFY 4 SYIK IMENTETHL,EORPN
c7r AACFD = DRAFFS § Su{K)}RSMIST2UDTT
as Sr 18T = ENTET ¢+ NELTA
Go 270 CONTINMYF
1ol INC = (FARFI1 /AR STFATE1 ) )2SOCT(ABRSIFARFLYI/YDIST)
17 FANCY = FARF 12T FLTAA(L&N 333537
172 FATF? = FARFPACETLTA®CS*%,33373%7
1r 2 RARF1 = RADE (=R TA¥ 4%x", 333174
174 RATE? = FCAREZ*OFL T ARKCS#) 333237
178 Fanea = FARF)1 + FpgEs
1745 RAPFA = RARFT + NARF?D
r
C WoepTE TRy TY
C
117 WO TE(FL,="A) THE TALY +C¥S ,FARF] (FAFF?,FADPT ], RPARF?,ARC A, FARFA
1~ TREFTA = THETA 4+ yInNOWW
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179

117

111
112

112

11a

11F

11+

117

117

127
121
1272
121
174
125

1y

17~ CONTINUE
WRITE(F,E0C)

-

FrOMAT CTATENENTS

85717 FLRMBT{1H]1 ,15({/))

SN) FORMAT(EX, temma FORCES

T'MRY wmwmmt h)

5% FOOMATI///7/7 410X s "WAVF CHARACTERETICSE =
FTa®/410Xy *PERTIDD

1 L]
2 ot

1FS.ts®
574 FLRMAT(/// 10X W*FILF ERCEERTIES
ETe "4 /2 1M X" NIRAG

1 L]

FT./SECa"/310Xst4
507 FLPMAT(///21%2X4* WATEF DFPTH

FTut}

2 0, F4,2)

BEAE FOENAT(//77+5%s" THETA WAVE T,

T T A
SU€ FCOMATIIIX *ARNAVE SwWL
MOMENT
517 FLOSMAT(SY, *{RC.)

L

*

OGP AG

(FT,= FE<,)

00 FroMaTliey)
A0S FOODMAT(2TIS,7F 1,0}
AN FLEMAT(AFIC 7))

AN FIBMAT(IC,5X ,F1Nur)

gTAD

= AR

Z7EDATA
"TeallRIGECHE
TaRA41 )L A
T Bl4rSGR2NAT
T LB RSOanE
CJ.7ONIRATE
CLTOTRgRANT
TLTaTRLTINE
RPErAtird-Nalicdvs ol 2

~a
]
"~
~3
Ll §
[l |
na

A2

T WELFZFPECF
T W TABPRTIAINF
Te7E?LRPCENE
T LTORRZQENF
~fa707AAR4CE
AT A acir i Fol =
0,78972E8RACF
R 7C7FC7ENE

CAEFFICIENT

.'\\1

A3

ol
f'_!'J
53
o
~e

[alie

MOMENTS ON FILE BY STOKES THIRC

TaF4 .1,
*2FSel,
T aFS.],

66

CRDERP THE

Y/ W INX G P LFNGTH
CEC." /410X s *VELOCITY

FTe® e /10%,"WAVF

Y/ /510X *DTIAMETER
*2FA4,247210%X " MASS CCEFFICTIENT

PMS EARTICLF
INERQTIA
VELMCITY
MOMENT
(FT.}

MOMENT * )
{FT./8EC,
{FT.=LES,)

TR FOPMAT (X FEa20F Tal s 7X4F5,2,8X,6F15, ¢)

(FT.=LBS.17 7/}



wwwm FOSCES £ MOMENTS ON FILFE BY STOKFS THIRC CRLCER THECRY =mmm=-

WAVE CHARACTEESTICS =

LENGTH = ICT R FT,

PTRICHD = 15.” SFC.
VELFCITY = S3,2 FTL./SFC,
A= 14, FT,

170,080 FT.
1c.’ F‘T-

WATFRE CEOTE
WAVFE HETGHT

DILF PENPrOTIES -

PIAMETEE = 4,0 FT,
PRAR CREFETFAIRNT = 1,05
MASS CCEEFICTENT = 1,47
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(RD.)
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V. A COMPUTER PROGRAM USING THE STREAM FUNCTION
TO PREDICT THE FORCE AND MOMENT OF A VERTICAL

PILE
1. General Comment

This program was developed based on the stream function as presented by
Robert G. Dean in his publication "Stream Function Wave Theory: Validity and
Application”. The mathematical functions for the wave represented here are
the Stokes III and Stokes V Theories. Other functions can be substituted. Once
the wave function is chosen, the water particle velocity and acceleration must
be computed. These parameters as well as the input constants of the problem,

e.g. pile diameter, water density, constants, etc. can be used to compute the

force and moment on a pile.

2. Program Description
Main Program
Purpose: To calculate forces and moments on a vertical pile, given wave
height, wave period, water depth, size of pile, coefficients of
mass and drag.
Equations: To use the wave and piling constants to compute dimensionless

coefficients of force and moment, the following equations are used:

1+n{s8)/h
2 1 ule) lu(e)] h 5
¢-F/yCHD—-[---~— mell o 2 4
D 2 Jo ‘ﬁﬁI o H d h
c 1+Q(e)/h
m m.D u(e) h ) (1)*
T CD 5 gH H d h
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where:

a

_M
= /YCdH

1+n(e)/h
ufs)

N

2 u!e[

Yo

bh =

!

14n(s)/h
u(s)
gH

nln
=
o

ENE
=
o

Dimensionless force coefficient
Total force on pile

Water density

Drag coefficient

Wave height

Piling diameter

Wave shape function

particle velocity at a given Tlevel
Gravitational constant = 32.2
Constant = 3.1415927

Inertia Coefficient

Particle acceleration at a given level

| =

=T

|

=

=)

Vertical component with original bottom and positive upwards

Dimensionless moment coefficient
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3. DEFINITION OF TERMS

ALPHA - Dimensionless moment coefficient on a single verticle pile

AXM{ )} - Horizontal component of water particle acceleration

CD - Drag coefficient (optional input variable)

CM - Inertia coefficient (optional input variable)}

D - Depth from stillwater level to bottom in feet

DENOMF - Denominator term used to create dimensionless force coef-
ficient

DENOMM - Denominator term used to create dimensionless moment coef-
ficient

DEPIMC - Depth of increments, i.e. number of feet/increment (ft)
(input variable)

DIA - Pile Diameter (ft) (input variable)

F - Force on pile at a given water level (1bs)

FSUM - Summation of force on pile (1bs)

G - Gravitational constant = 32.2 ft/sec2

GAMMA - Water density (optional input variable)
HEIGHT - Wave height {ft) (input variable)
ITIMES - Number of steps in summation internally computed

M - Moment at base due to acceleration at a given level (ft-1bs)

MSUM - Summation of moments about base {(ft-1bs)

"



NWRITE - Print option
0 implies force and moment output

1 implies 0 and wave function

PHI - Dimensionless total force on single verticle pile

PI - Constant = 3.1415927

S - Vertical component with origin at bottom and positive upwards
SDH ~ S/0
SDHE - S/height

SUMIF - Temporary variable in F computation first term
SUM2F - Temporary variable in F computation second term
SUMIM - Temporary variable in M computation first term
SUM2M - Temporary variable in M computation second term

T - Wave period (secs) (input variable)
TERMIF - First term in F equation

TERMZF - Second term in F equation

UM{ ) - Horizontal component of velocity of water particle

XDL - Distance wave divided by wavelength
XDLINC - Increment which XDL will be incremented by in solution

XDLF - Final value that XDL can have in sclution

YM{ )} - Level at which UM{ ) and AXM{ ) are computed, origin at SKL
positive upwards, negative downwards (ft)
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COMPUTER INPUT

Input data for forces and moments on wave-loaded vertical piles using
the Stream Function Theory is read into the main program via 2 data cards.
The input sequence is formated in accordance with the fortran watfiv language
utilized in the main program.

Card 1 -

Data card number 1 contains 8 parameters. The format corresponding to this
data card is given in statement 100 as: FORMAT (8E10.3). This means the com-
puter expects to read 8 different quantities each containing a maximum of 10
characters and formated on the card in exponential notation. The quantities to
be read on the first data card are wave height columns 1-10, water depth (D) columns
11-20, wave period (T) columns 21-30, XDL ?the initial X/L interval usually 0.0)
in columns 31-40, SDLINC {the incrementation by which XDL is to be increased) in
columns 41-50, XDLIF (final value of X/L to which program should iterate, usually
1.0} in columns 51-60, Dia (pile diameter in feet) in columns 61-70, Depinc
(increments in feet of iteration along pile length} in columns 71-80.

Card 2 -

Card 2 optionally initializes several constants in the main program and
carries the instructions for particular output formats available in the program.
The card corresponding format is given as: 101 Format (3E10.2, 2I5). Cp (the
drag coefficient) should be typed in columns 1-10, CM (the mass coefficient)
in columns 11-20, and Gamma (the specific weight of water) in columns 21-30. All
of these values should be given in exponential notation. If the columns correspond-
ing to each value are left blank the computer will read this as a zero and auto-
matically set Cp equal to 1.05, CM equal to 1.4, and Gamma equal to 64.0, respec-
tively. The final two values on the card activate optional output and denote
method of solution. In column 35 type either zero or one. Zero will write all
the input data and the forces and moments calculated in the program ; one writes
zero stream function level plus velocity and acceleration from the wave function.
In column 40 type either zero or one, zero corresponds to solution by Stokes V
Order Wave Theory,and 1 implies solution by Stokes Third Order Wave Theory.
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PROGRAM LIMITATIONS

Program limitations are the same as those incorporated into the Stokes V¥
Order and Stokes 1II Order Wave Theory programs.
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VI. RED SEA REVISIONS

1. General Comment

This program was developed at Texas A&M University to trace waves entering
a harbor. The phenomena of refraction, diffraction, and shoaling are all in-

cluded. This program was presented in an earlier publication, A Computer Program

to Estimate the Combined Effect of Refraction and Diffraction of Water Waves, by

Henry W. Worthington and John B. Herbicht The program presented here has been

updated, however, to conform more closely with Coastal and Ocean Engineering needs.

2. Program Description
INPUT, QUTPUT

The input to the program has been rewritten.

The first card still inputs M, N, NOP and SP. The second input card type,
the depth cards, have been changed. Now the depths are input in FORMAT (16F5.0)
by rows. Each new row starts on a new card. This change was made to allow fewer
cards as input and to allow keypunching in the reading position.

The original program was designed to read depths in columns. This means
that the depths as read are in the transpose of the way in which they are needed.
For this reason, the depths are read into the T™M (25, 25) matrix and then the D0 70
Joop transposes the data and places it into the D(25, 25) matrix.

The third input card type contains a new variable, FE which is the bottom
friction coefficient.

The output of the depths has been rewritten so that any number of columns
of data can be printed wihtout changing FORMAT statements. If 13 or less columns
of data are in a row, they will be printed row by row. If 14 or more columms of
data are in a row, a heading ROM= is printed and the data follows on the following

1ines with 13 data points per 1ine.
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The Friction Coefficient

In a paper by Skovgaard, Jonsson and Bertelson®, a method for com-
puting the effect of bottom friction is outlined.

effect is as follows:

d/dt K%

fe K%
= —==-— 5t mstcst —_
n/nc sinh3 kh /23

Wave period
Constant = 3.1415926

Wave height at starting position
NDeepwater wavelength
Dimensionless quantity at start

Dimensionless quantity at time t

Wave celerity at start

Wave celerity at time t

Wave energy loss factor (bottom friction coefficient)

Modified friction coefficient

Wave orthogonal separation factor

New quantities computed in RED SEA are:

Lo = LO = 5,12T**2

]
n =P

all variables that require the st subscript are initialized at the begin-

2kh

~ B[1T + sinh 2kh)

ning of each orthogonal.

The numerical method used to solve the nonlinear differential equation

is as follows:

Given Kf at time t

88
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K. at time t + 1 =

f

* *
+ DEL t {Const Kf at t *2)

Ke at ¢ t

1

and const = all terms in d/dt K% equation except Kf

Kf at time = '8 1

i 1 *® *
The Hstt ratio is equal to Krefraction Kshoah‘ng Kfriction' The

RED SEA program was originally programmed to handle refraction and shoal-
ing coefficients. The friction coefficient has simply been multiplied in.
The friction coefficient is displayed in the output. The height

coefficient displayed now includes all factors.
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COMPUTER INPUT

The Redsea program has been previously published by Texas A&M Univer-
sity but is now being re-released with a new program input sequence. For
a description of the current input technique, see the program description

part 2 of this section.
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WETTE{FL,FT)

FROMAT {1k L/ /74 Q% "ORTHGNL ', X, TPCINT Y EX, " TIME? 42X ,"CLCROINATES?
1, 2%, * CEFTH * ,IX, TREFRACTINN® jI1X s "SFOALTNGY, 1 X, *DIFFRACTION®y 2
X, "EDICTTIONY, -

Y LTFFIGCHTY 44X, 'WAVF*®*, /7, 4%, 'NUMBFL'*, 4X, "NUMACR', =Xx, *(SFC)"*,
A4 VXY, AN, SYT, 4%, ' (FT) * , BX, $CCEF*, B£X, 'COEF*', HX, *CIEF?
4y A, 1 CDEF P, EX,YCOEF*, X3 'DIRFCTIMNNI, 7/, X% 1)

XxX{2)y=x{1)

Y{2¥=v(1}

Wi
TTIALIZ7E HEIGKT AND AMGLFE T PEKWTR TIF FGCR DIFFRACTION CALCUL AT IDNS

TRVANGC = WVANC

THTIIR=" "

PHTIP=1,"

L=2

NC=1

T{2)=",."

Iefw=IFTIY{X(2))

1CnL =1FTX{vY(2)}

OST=F(IRCW, ICCL }/SF

CeT=CUIRPCW,TICCL)

WOTITE (£,90C) ¥{2),¥(2)

FOSMAT (L F 411Xa5F 1+2%41CH Qa0 2Y¥ s PFE4 142X, "ORTHOGONAL
1CRIGING

JT="

ITR="

Ccoer THE REIGHT OF THF LAST CRTHCGCNAL TN PA5SS PKWTR

TFITHTIC yhNF ol o7} EET IP=TEHTIP

THTIR=", "

FETALLI= ..M
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171
102
103
174
trs
175
127
178
172

11"
111
112
1=z

T

AETA(?)=1.C
( INTERPALATE F(LILF{tL ) ANC DFRIVMITIVFS
2 1x{LY=X{L)
IyfLy=y{(L)
Cr=x{L )=Tx{L}
AeE=YIL)=TY{L)
Gl=nnEss
AT -r
I =rs
FAT R =0F 41
T=1v{L)
C TETMINATT FOTREML DEBCHING DGR rE refn
[F(TarF Nml ars, 1. LTW?) €0 YO 21
J=TY (LY
TE{ ) PP ahmPZ eI daLTa ) G T 21 -
ALY AR ¢ )= CARR (1, J+1I4CI*C LT 41,041 =G2¥D{T+140)
C TEOMINATE PRTHGNL TFACHING SHNODFE
IE{F(L)m, 1 %A L Fa"aY &N 71 21
E(1L)=GARC( T o JImGT.C I T 4 J+1 ) 4GL*C(I+1 2 J41)=G0%CLI+1.0)
CYL(LI=F4*C¥(T.Ji-F?ﬁCX(I.J+1)+C!*CY(I+1.J+1)-G?*CY(Tfl.Ji
fVL{L)zﬁaﬁrY(I.J}-C?*(Y(T|J+1l+c1*CY(l+I.J+!)-G?*rY(I+l.J)
r?VLfLI:’a*C°irI.J)—(E*r°¥tl.J+1)+GI*C°X(I+!.J+1)-G?*C?xtI+I.Jl
T’VIfL)=Ca*(?Y(T.J)-C?*C°Y{I.J+1)1Gl*C2Vl!+1.J+1!*G?*C2V(I+I.J)
CﬂVV|fl):Gh*C’XY(T.J}-G?*C?YY(I.J+!|+C1*C2XY(I+1.J+11-
1G2+C3Y Y T4]1.J)
fﬁ”ﬂ(L!:[CXt(L!*EIF(ALFP(LJI)-(CYL(L)*CDG(&LDFfL}’)
57 IFM JT.F0,.1) 0 T 22
ITEfAT 0T Y GO 77 723
CEL=AANATL)
TAL=F(L}
ne TE A
2r onop =(nAaMa{ L=1)+GAaANAL(L )27
TAMMI={ " (L=314F {0 })/72,."7
L=t ="
Th A OR=CF *¥NDFLT
Srre=A DE{L )4+ {TALFR/T 7))
ALTH{L+1Y=ALERPIL)Y+D AL PH
g FETEGMINE CCCED FF NEXT PZTINT ON NOTEROML
WiL+1 XL+ (TAL*OFLT*CT= (GOS0}
YL A1 Y=Y (L Y+ {TALKNDELTACTIM{AGIT2) )
=L+t
JTI=aT+
cooTY g
¥ NYOTACSY (L)=PwEY
nYnR=tyR - (L)
LANG = ATARNR(CVET, DxEFY}
C TIPMIAMNATE COTHGKRL INTFOAEETING FRKaTE
TS(X{| ymRWTY ) tin=,ClE,Cc0n
Cre TF{1 ANGeNE JCUARE AR FGwW,.Fa." ) £ 7r 2]
Tl ANA L TARRANC JAND (RER,GT, ") 70 TT 219
SR JE(RSWwLGT MY 0 T 3
T AN ORGP R ARC (MRl k01 JTR=Tr4?
C LECOCN AMO T NPE O FIRST POIRNT N PRIMACY TDTHGNL BPAST SrKwT? LTINS
TFIIC.E0.1) TuvAnG=ALER{L) + FEwar(
271 T{LY="{L~1}1+NFL T
I CHLCUN A™E CrEFFTCTERTS {F REF2ACTIIN ANT SHIALITANAG
[ =1 =
oL YmarYL (1 YA OCSCALPH{L Y)Y+ YL I ) xS TN ALOH{L )}
Al Y =F LY R { (CoYL (Y%= IN(ALFE( ) )#++2 D VRO IV (L JRSRTIR{ALHH{L) ™
ICFQ(QICHfLI)+(*Yt(I)*lCCFfﬁlCF(L))*FTQ(ALDH{L)])!

95

g0 o Do NI LU L DO ITOODTTINDOD

d4J9 3 CQ0 00T 30939

=

I

nogTaaon T on

DT o ooon

n o



151 EET!(LO]I=((PF(LiiDELT-a.O)*EETA(L-II+(¢.O-2.0QQ(L!t(DELTttz.O]l
1*RETALL) }7{PPL{L)*DELY+2.0)
152 L=L+1
153 BAFFLF=(PkFL{LY) /E(L)
154 PACK=EXP{RAFFLE )
185 RACKX=1 N/ RACK
156 COSHX=(RACK+RACKX) /2.0
157 S INBY={RACKwRACKX }/2.0
C CALCULLATE SHOALIMNG CCEFFICIENT
158 U(Ll={COSHX|/(SOR?(SlNHX*CDSHX+BAFFLE})
C CALCULATE REFRACTICN COEFFICIENT
189 CR=1.1/SORT{ABES{BETA{L}]))
C RECONRC WEFRACTICN CNEFFICIFNT IF WAVE PASSES BRKWTR
160 TF{1RsEQel + ARCLRSWAEQLN) THY IP=(CR
C CONVESTY ORTHGNL ANGLF TC DEGREES FCR PRINTOUT
161 M PHLD=aLP+(L }*180.9/7P1
C COMPLTE wAVE LENGTH AND X=Y CODRDINATES FCR DIFFRACTION COORC SYSTEM
152 WLX=E(L)I*TH
163 YO={(X{L)=BWTX)IXRCCS({ PWANGI=(Y{L )})mEWTY)}*SIN( PWANG)
1564 YO=(X{L)=BWTX)IRSTN{ BwANGI+{ YIL)=BWTY)I®COS{ BWANG)
165 CALL PNIFFR (WLX+XCsYD2WVANG, CRFL ,FG.CD}
C QECTMPUTE ACTULAL DEPTH FCR PRINTOUY
166 DEP= F(L J+E5P
C CCONEITF EFFECT (CF FRICTICN
167 WLX=F(L)*TH*SF
169 IF{L .EGC.2) CEPST=DER
169 IF(LFQa3I) MLUXET=MLX
177 RK=2 %P T /WL X
171 HET=
172 LE=Fesl2%THXTH
173 TKkR= 2HCF /WML XHCEP
174 THKST= 2«PI/MLXET*0DEFET
175 OST=,S%( t+THKST/SINH( THKST) )}
17¢ FooS5*{1+TKF/SINF{TKH)} )
177 7=C0 1, 3)
179 TEMPI=0ST*CST
{179 YTFMNz-C%x ?
187 PKN=RK *DEP
181 EFT=FEFTA(L)
182 NEFNOM={PASART{ TEMI* {SINH{PAKD I%*3) )
1A3 IF{FEET ,ER a0 J0R CFNOMJEQWN) GO TG 1R
1 A4 CPR=m] ZTH®A*P] /I *RST/LORECRT (TEMPY YEFE/DENOMRL /SQRT(AES(RETY)
185 KEF=KF+NELT*{(CF*KF k&)
1 A4 1Rt CIrNTINUF
127y WLX=E(L)%®TH
188 NC=NC+1
C WAVYF KT PF RACTAL CRTEHGAKLS
199 IF{RSW.F0.")} GC YC S50
1ap VILISWIL)I®CR®ECNAPLT IF
191 G T cee
C WAVE HT CF PRIMARY NRTYHGNLS
192 95~ VvIL)I=WIL ):(RP*(C
193 VIL) =y {L)I&KF
1G4 GAC WPTTE {(Fe26) NCaTIL I X(L) s Y(L)sDFFCR, W{L) CD,KF,v(L},ALPHLD
195 26 FrAMaT{tH 41tXx, 15 42XeF17 42 12X 42F 541 :F8.2:6F10 .21}
196 JT=n
197 Gf Yo 27
198 21 K=W41
199 w2ITE {(A,3T7) K
20" 37 FCAWAT({tH 4/ .aX,12)
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291

a7z

23
2na

2nr
sha

2ro
21"
211

21
AT
R T

[R¥}
—
21

1A
217
Fru
e

27

1‘]]

=g
a I
i+

sl

Fa
Voo
) -

2
oy
2'):1
e

23

R
27°
241
Sa
'D‘IP'I
b e '
;} :?
[ IE]
R
4™
2
240
Ja
caea

Ty

Ia]

1

MAYE T NFYT ORTHFGRNL CPIGIN

X¥{2}=¢(2) + AFS{UK/STIM{ALFHILZ)))
IF(QVeN[ 7). GF.T+7) GO TC 2R

BEGIN RADIAL CKRTEOALS

IS{FSa.Fhe"}) WVARC=TUWVANG
Pew=0SWw+1

FCTAEL T CETHCAL CIRPFCTICA FFCY™ RRKwTR TIO

ALPHI{2)Y=(15.C*NT /1RN.T J*RSw = FWANG

TeRwIyATE DRAOR TF CSTRGNL LEAVES LEE

IF{ALPR(?) «GTeVARCY GC TC 970

FoTAQN YCH PANTAL reTeeN], CRIGIN AT JKwT2 TP

¥ [?PY)=FWTYX
¥{3)=AwTYy

LYMIT FACTAL NPTHCALS TN ONE AT EACE AMNCELF

GN=BWTX 4+ 1,0
e =3 .~
TE(RE4, 671} CP TC 24l

CINVERT TN CEGRFES FCF DREINTOUT

tkk

Lo

WYANECP =W UANGH12C r 7P
WETTE(A,I320) FHTIFwvaRNCH

FARMATIIH /74 E% s *C3THMGONAL € [N LEF (F BREAKWATERSY ./,

H

t*wAVF HT TASSIMNC RANEAKWATTR TID TAKEN A%, Fl4.7,0%,

"y

N HETARTY, 74 18X, VRAVE ANGL T (TEFTAC FTR DIFFTACT ION)

TFELLLPY  INFGREEC, / /)
e Te o »o

TrewIMATE CrMELTRS Rk IF THIS 1L LAST CRCHALEM

9

R

JF(NCOaTrD  FQLu™ ) G T af
Irr=7Trr+1

cToTr 4a

T

N

FVARLUATE CNEFFICTIFNT F PIFT2ACTINN

SUMRCTING DIFFL (WEY 4 X, Y, ANC  CEFL o€, CN Y
Pl X1 Ea LV - |

L DI

MATA DO s4H 0 /. TGT/AH T /. RCSs4F S/
TEREET A AN

ATCTCN ~0 AND TRERETA AT OuwTh TIE

IE X NE M, DNl ¥ ME ™Y G0 TO 2
Lol Sl

THT TA =", "

prr=0nn

CEYL RN

TYALUATT FAGANETETE FCE DIFFIACTITN CALCLLATTIANS

-,

K=2,"%C] /Wl X

THE TA=ATAND { ¥ ,v)

QoD T{X+x2 + YT}
rf"””:’."*SCﬁTfkﬁr/rT)*SIN(”.E*(TFTTJ-TFETEWJ)
CIAODU e N TRCLOTIWHQAETIECTA (7,5 [ TESETA 4 FTHEHTTAD))
=" 1A TrWARYD /7 7

CALL S e S,L)

WAR" oS3 1, =C=5)
Wl=C o (5=0)

DT Al roRMRRT s,

CElLL {0, S,01)
L2=",5% {1 f={=%)
VIS WA T )

AL e AW Lk (S (T TAaTEFTAT)
HETA-KAQRCM S, THE TALTSET AT}
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Zats

P&

257
753
254
255
L 15
2=7
LY
edote]
260
261
rR2
&9

2R

785
PRl
257
FRE
3&0
T
=71

ks

1%]

271
74
'77?’
ER T
277

n7a

373
2an
2m

7R
2R3

& = IACTS{ALFHA) + WIRSIN{ALOHA) + (UZ*CIS(RETA) + W2*SIN(RETA})
1hOmOL

E = =1*SINCALPFA) + Wl*COS{ALPHA) = (U2*SIN(BETA) + Ww2*C{S{BETA)
vyRCCE

N = (ACIALPHA) = UIRCOS(ALPHA) = W1*SIN{ALPHA)} +{UP%RCCS{FFTA) +
1W2XS ITN(BFTA} JCEFL

£ = =SIM{ALPHA) = WIXCCS(ALPHA) + Ul*SINCALPRA) + (W2*COSIBETA) =
1UP%S IN{FETA) ) *CBFL

£ = CASC{ALFHA) = L1*CCS(ALPFA) = WI*SIN(ALPFA) +{COS{PETA) ~ U2*C
TRE(HTTA) = WZKSIN(RETA)IRCFFL

H = =mGTR(ALFFA) =“WI*C(OS(ALPRA) + UI*SIN(ALOHA) + (=SIN(PMTA)

1= WORCSIN(RFETA)} + L2%*S[N(RETA)IXRCRFL

C NETFRHMINF BPEGION P,5, OF ©

IF{XLELS*CNS{THFFTAC)) GC T 712

Tr(\'-‘oLToﬁ-C.ANDoy-GTop*CqS(Tl"'F_'_Tﬁn,, GC TO 22N

TELY e CT o™ o P o AN o X « CT B COAS{(T+ETAC )} ) a7 T 27*Z

e Bl als | sENARTIDM AP +F kD)

PC=RCO)

nr T s~

e~ N ZCORTIGE*Z4+HAaX D)
: ce=Grc
Gr Tr 28~
el Sl ol M =SNPFT{A42 4Rk’
Fr-F(C=<
e~ FETURN
FAP
c
[ FyAlL LATE FROYSNF, JATEGRAL

CURECUTINE €S(0 +Sa¥)

F=ARES[ %)

TF{7m4 ,11. 1,2

v r=SCRT(7)

coT Rl

Z7=({t o=?)%(&,+7)

CoCr ({(E({ D 1M 7AEFm] 1 %724+5,244207 a0 %745, 4511827=7)%7
142,27 37 09rmE a7 41 FOC41FF =) %74 14 10 2544F =257 4+]1 . B4NGATF =]

Cm ek (L (PR T7FARITHINT k2 4E  HAT | COAT B JAT 4R "R 14]F =€) %7
142, 68151 FCmaY A7 4£ 121 320Ca3 )42 +E,FPFELO7F a2}

CETUREN

T N=rnet?y

S=c InN(7)Y

Tzh G, r?

B+l ({{ (R, PERFPERF m4x7md 1 AC2AGF*+3) %24 7,97704 3 Y )&k 7=f 70700 | Fwl)
1970 " CEIAIEmA) ¥ 745 o O T2 1CFm 2 )47 |, F EAPAC ) k7w 2y 4G ITZEC = )07
FPml, 40t "C1FmG

P (({{omf EIIC S FEmAcZ 4T84 A GFm I} A 7m T 271 CCCEm3) %747 ,42000 00 =1)
1*2—4.“97145F-a)t?-“.BléQlﬂF-E)*?-l."‘?GQBF-E}*Z+1.994?1IF—1

Z=SCRT(Z)

C=" aR4Z2%[(DN¥A LS *P)

G WS4 TH{SEAmTRF ]}

e T RN

LA

FAEDATA
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WATFR REDTH TAT?2

NUMRER NF RAPI2CMTAL CRIND LINES 1€
NUMPTR OF ywFReTIcaL EPID LIKFE ta
NUMAFR NF ECrRLEMS 2
GRIOD INTERV AL £C." FT
N F 2 TH S C LNR
S0w 1=
T e ?..._,.. Ar g n ?n.n F":-’T 27a 0 2"!"' sy
27,0 2oy n RN
0w 2=
LR 2. gn.C RS LA EAAN 20,0 2"
“\I'r LT 20 .
7w 3=
n e cla 20, ¢ Anar I 20 .7 0, ae
?-.." :\‘.r :.‘C.{-
2oy 4=
ES R Caa il 2N.r CAares 2.7 20,70 2T e a0
T el :"‘ln .?r'o’
Borw o5
AN Lt pe, o, 2.7 2509 2¢ W0 2
" St 20,7
C.tm €=
GG mTL Pl BN RN 27 . g ol 3"
- Ml [cRalEe AA',A
2y 7=
P ~en PCLr LN D 28, =R ar
2 " pran
o =
LA 2.0 ZCar ISR LR 2947 207 W7 (28
Ll il Pr T
Ly 3=
et A Pl R R 3%, 38.C N

¥



ENw

FNw

ROy

2n,0

e

Rl

P

204"

20 ,r
20,

P0.C
?ﬂ'\“

I",-.f‘

[l

2%.0

0. ¢

100

20,

[

2 8 3
2N, 7
20 10
EI

L

2040

2CaC

2C. N

2C+ 0

20,410



PROALEM DATA

PRCALEN NUMRFE 1

ANGLE 0OF INCTICENCE EN.CMH NEGRFES

WAVE PERIND a,0n" EECCANS

TINE INCRENMFENT 2,77 SECCNDS

INITTAL ORTHMAETNAL TRTICIN 1" 17 (RPCRT7.VERT}

MAX HNR1Z ORTECGOANAL ORIGIN 1€.0

CRTHFGCARAL CRTGIN TIATFRV AL 1 D

BRF AKN ATEE TP ol I,0 (FCRTZ. VERTH
RPEAKWATER SJLTT 1.7 1.7 {HCRTZ,vERT)

COFFFICIENT re uefl FCTTOM

FROV AKTAKWATFR A,p2
HOTTOM FREICTTIFAN CCFFFICTIENT relr
05 THGAL AEIAT TINME CFCROTRATES DERTK SEFRACTION SHIALING DIFFRACTION
NUMRER MUV AER {SFC) X Y {FT) CnEF rOgF CCEF
1
1 NL.Cr 147 14" CRTHCGCONAL ARIGIN
>
1 V.00 7a 1.7 CeETHCCTNAL NRATCIN
3
1 nLnn 1.7 L« CRTHCGONAL ORIGIN
4
1 NN 4 a5 17 CRYRCCONAL ne 1¢IN
&
1 .00 S5 1 af CETHICONAL ARIGIN
A
1 aurn FaR 1" ChRTHOCONAL A TCTIN
1 fLon 7.9 1.7 CRTRITCCN AL AR ICIN
A
1 TaCr Ge.1 1.7 CTETHRCGONAL NRICTIN
«Q
M TalN 1%.7 | I CRTRCGINAL IR ICIN
1~
! AN 11 .4 1.7 FCRETWCOONSL DRIoT™

101



11

12

13

14

NRTHAGENAL G

19

1A

17

A

Ne{ €

d.Cn

1245

13.7

14.9

TN LEF rF ECFANXwWATER

WAVE T DASSING EREAKWATER TIF TAKEN A5

WAVFE AMELF [THETAC FOR DIFFRACTICN)

[y

[ R R Y

YL AN ARy P

LI T N I T - A e

l

N .roe
2 .00
4.Cf
f 0N
.00
19.CC
17227
14,C0
16,00
13.CN

s ale]
PLCr
4.0
Ea LN
A .t
10,00
12.C01
*4,0C
16€.,C2
18,00
2C 00

AL.00
2.0
4 4G
F‘.On
a5
160,009
12,0
14,07
15,00
1R. 0"
NG
P2.00
24 L0
28 0N

Ay
2.C7

€.0

[ PR
FoTl
T3
0"
E.7
Y
1"
177
11.4
127
12.7
178
14,1
14,7

17

1.5

1.7

- - S X I VI N
. v &

.
LI T I\ V]

4l
-

T U T T TP - T A N
L
e B RV T T - e T 4 T | e |

CRTHCGCONAL CRIGIN
CRTYTHCGCKAL CRIGIN
CETHOGOMAL CRIGTN
TAKEN AS
CRTHCGCKAL ORIGIN
eDL.C" .00
2N, 00 1.00
Zh. T 1.00
29,00 1.00
PRI e 100
2,0 1,00
2. 00 1.9
cha0F 1.0¢
23 .07 1.00
CRTYFEGON AL ORTGCIN
22.07 t.00
27 ..9C 1.70
2207 1.00
22.C0 t, Q0
Z7.C" 1.2
20.C7 1400
eRLN T 1,07
23.CH 178
PRI al o 1.00
27 . 0C 1.0%3
CRTECCONAL ARIGIN
PR 1.20
FOL G {.C"
=EalS kel 1 .00
?Ho{.” !-{"ﬂ
29,27 1.2°¢
b-Sa i s ol 1.00
£%.Cr 1.2¢0
el el 1.0
2.0 1.00
23 . 1.7
LN 1,07
29,07 1«07
2NL0" 1.9
ASTHOCONAL NeICIN
Aol hn 1.97

102

le00
5040

CeS9
D.29
CeS9
0.5
Da93
N, 9
n,99
.97
G .99

YaT9
0. 55
Ne9F
TeG3
" eQ9
CeG9
Ne €6
r‘.gq
e G
eSS

N9
CaGY
T e9
" a%3I
Te GG
0 .99
Ca+G9
T e%0Q
N+ 00
Je G5
TeG9
feCI
NGO

fa09

X CEEP WATER H
DEGREES

"e?27
D29
N a23
Ne2?

Tel?

00173

2 etl

Y DD
.
sl
k)

N T T 5 T
»
LN
-

29
.?q
Ne29
N.27

3

L m g’



LI+ T R T Y | B P

- -
—

4,00
6L
a,on
1.0
12.00
14,00
1F,C2
18,00
2C0N

~ A WD, ORD

L}
Fa—
NEp D O

2795003 N~
- A0 Mm NN P

. .
—

20 .00
20,00
2r.C"
27,90
sn. a0
el Lol
20.01
2h.0°
21 0

12N
1.2
1.00
1.0
1.00
1.07

10

1oL
1400

N,G9
D.973
Ce GG
.59
C.59
~ .89
Ca.99
(e ©G
C.5%

N.E2

nL,49

NeE2
2.591

N .51

N 49
2 .51
T.51
051



PRCBLFM DATA

PRCELE W NJIMARFE

ANGLE OF INCIDENCE
WAYFE PERIOCD
TINE IRCREMENT

INITIAL ORTHIGMNAL

G2 TGIN

MAX HWORIZ7 ORTHOGOMAL CRICIM

CETHNGCNAL FRICIM
BREAKWATFR TIOD

ODEAKWATFD QUTT

CAEFETCTENT
FROM BRFAYKATER

INTF Ry AL

FF EFEFLECTY TN

RATTCM ERTLTION CORFFICTENT

CrINT
N(MES R

ORTHENL
NUMDF
1

o

TIVE
{EFC)

La.en

J.0"

Y

o

vERT)

(FCRIZ2,VFRT )

bt
127, C0 DEGREES
R.0% SECCNRS
2.00 SECONNE
1a1 1.¢ (FCRIZVvERT)
16l
1.t
Fal 7.7 (RCRIZ2,
1f .0 T,
N.22
Car1

CrOPrINATES DFPTH
x ¥ (FTY
1.7 1.7 CETHCGONAL
242 14" CRTHEOCONAL
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