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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 'lt/6 computer available on the College Station campus of Texas

AN University.

The computer programs appear as follows:

�! 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

 a! Using Cnoidal Wave Theory

 b! Using Stokes Third Order Wave Theory

�! Wave Forces and Moments Produced on a Vertica1 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.
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PREFACE

Development of computer programs was conducted as part of the gen-

eral research program in Coastal and Ocean Engineering at Texas ASM Uni-

versi ty.

Yarious 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 Insti tu-
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The manuscript. was edited by Dr. Gisela Mahoney and typed for pub-
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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 ASM

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,

illustrative output using sample data.



I I . STOKES' FIFTH ORDER HAVE THEORY

General Comment

the actua1 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

Mm.n Peag~

To calculate the water particle velocities and accelerations

given wave height, water depth, wave period or wavelength.

Purpose:

Equations. Wave profile

n=5

y = 1/8 E yn cos ne!
n=l

Water Particle Velocities

Horizontal:

n=5

u = C Z n U . cosh ngs! cos ne!
n=l

Vertical

n=5

v = C K n . Un sinh nBS! ~ sin ne!
n=l

Stokes' fifth order wave theory is best applicable in the region

of intermediate water waves to deep-water waves, with d/T larger than
2

0.2 and H/T larger than 0.04. This computer program initially calculates



Water particle Accelerations

Horizontal:
~ n=5

A = 8 - C z n ~ U s inh nBS! ~ cos  ne !
X n=l

n

Vertical:
~ n=5

A = -8 C z n U sinh npS! - cos ne!
n

Wave speed

C = L/T

Submit SOLVEL

This subroutine calculates x, a constant for each wave and the wave-

length. The two following equations are solved simultaneously to obtain

the unique solution of x and wavelength.

mH L 3 5x + A. B33 + x  B35 B55!! 92 4 4 ~ 0 ~ 0 �!

 L! ~ tanh gd! ~ � + x Cl + ! C2! ......... �!

The Newton-Raphson method is used to calculate the value of a from

Equation 1. A value of a = 0.2 is initially assumed to start the itera-

tive process. The value of ! 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 z converge to their respective

unique values.

For brevity in listing the coefficients let s = sinh andL

h 2mdc = cosh
L



2 2y = x  8 + ~ 824!y = x = BB,

3 + 2y3 = Z  833 + Z 835!,

" '55

2 2u2 = !  A22 + ! A24!u = a All A A13 X A15 '2 4

4u4 = ! A443 2
U3  A33 35!

5U5 = X A55

iii A11 = 1/s

13
8s

-�184c � 1440c - 1992c e 264lc - 249c + 1810 8 6 4 2

15 1536sll

3

22 84

192c - 424c - 312c + 480c � 17!8 6 4 2

24 768sl0

- 2880c -72,480c +324,000c -432,000c 163,470c -16,24510 8 6 4 2

61,440sl 1 �c2 1!  Bc -1 lc2e3!

13 - 4c !2

33 64

�12c +4224c -6800c -12,808c +16,704c -3154c +10712 10 8 6 4 2

35 4096s' �c -1!

 80c � 816c + 1338c - 1976 4 2

1563s �c -1!



1V
�c +1!2

22 3

c�72c � 504c � 192c + 322c + 21!8 6 4 2

24 384s9

~3 8c +
33 64 6

8
 88,128c -208,224c + 70,848c + 54,000c - 21,816c14 12 l0 8 6

35 12 288slZ�c2 1!

, �264c - 54c - 81!4 2

12,288s �c - 1!12 2

B
c�68c - 448c � 48c + 48c + 106c - 2110 8 6 4 2

44 384s �c � 1!

�92,000c � 262,720c + 83,680c + 20,160C - 7280c !
12,288s �c - l! 8c � llc + 3!

+   7 I 60c - 1 800c = 1 050c i- 225!6 4 2

10 2 4 212,288s �c - 1! 8c - llc + 3!

v C0 = g tanh gd!2

4 8c � 8c i 9!
1 8 4

�840c - 4096c + 2592c - 1008c + 5944c � 1830c + 147!l2 10 8 6 4 2

'2
512s �c - 1!10

1
3 4sc

�2c + 36c � 162c + 141 c � 278 6 4 2

C4 9
192cs
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3. Notation

FORTRAN
Name DescriptionSymbol

Water particle acceleration in
the hor i zontal direction

AUA

Water particle acceleration in
the vertical direction

AVA

Wave speed

Stillwater depth

Wave height

Wavelength

Elevation above mudline

Wave period

CEL

WL

SD

Water particle velocity in the
horizontal direction

UP

Water particle velocity in the
vertical direction

VP

Time

Wave profi le elevation above
mean waterline

YP

2~ /LBETA

Phase angle = 8 x � Ct!THETA

LAMBDA 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 language used in the main program. The data are 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 equal 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. Xlinc initializes
the incrementation along the wavelength and should be entered in columns
12-21 as a dividend of X  the horizonta1 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 � F 10.4!

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



PROGRAM LIMITATIONS

This Stokes Y 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 limitations tested are:

 l! D/L 0.039

 S! e0 O. r

�! D/T2> 0. 2

If any of these conditions is not satisfied the program is directed to halt
computation and output the fact that Stokes Y wave theory is not applicable
to the input wave characteristics.



//ADOPT ION S

C
C
C

CI.ECK Tl-E L 14 IT AT ICNS

5 FA 1 =6/WL
SHA7=H/O
IF  SHA I ~ LT ~ 0 ~ C3% ! GO IO 2000
IF   5hA2 aLT ~0 ~ 20 ! GO TQ 2C'00
GO TO 30
REAC� ~ 10 ! T ~ I-oD
PR IhT ~ T qH ~ D
wL=G»T»»2/  2 ~ »P I !

�
11
12
13
14
15
16
17

CHECK THE LI > ITA'TIChlS

18
19

20
21
22
23

C C
C

24
25
26
27
28

29
30
31
32

1
2
3
4

5 6 7 A 9

C

C C C
C C

C C C
C C C
C C

C C C

4 f f 4 f f f ff»ff f»»f»f»ff»f f fff ff ff»f »f»»» ff»ff f»f f»f f e»»f ff f fif»»f f » » »
STCKES F IFTh GRCER WAVE TI EORY

f fffff f »ff»fuff» »»f»»f ff fffffff»f» »»ff »fffff » »»»ff» f»»»ff f f»f»f f ff f

k= WAVE hE IGHT
iAVF PERICD

D = STILL WATER DEPTH
hUI4 I ~ WHiEN L ~ I. ~ C ~ ARE KNO'WN NUII = 2 y WHEN T ~ H D ARE KNO WN
DEP INC DEPTH INC REH'EhiTS AT WhI CH THE PART ICLE VELOCITIES AND
ACCEL ERAT ION 5 ARE CALCULATED
XLIr C IrvCRFWEhTS ALChG WAVELENGTh AT Wt ICS TtE VELOCITIES AND
ACC'ELE RA TI ONS ARE CALC4LA TED
5 IS WEASURFD POSIT IV ELY UP WARDS FROW THE RUDL I NE

L IM I TATI Ohl S D/L> C ~ C39 ~ H/6> 0 ~ 2 AND 6/Tf T > 0 ~ 2

DIWEhSICh 92  IC! ~ Y IO! ~ YP �0 !
CI-K= 0 ~
h=Q
~1=3 ~ 141 6
C=32 ~ 2
RFA6� ~ 5! bU&yOEPIhC ~ XL INC
GO TG � ~ 8! eNLhl
R E A C   5 ~ I I! ! WL ~ I- ~ C
PRIhT OWL ~ HeD

ShA I = 6/WL
SHA 2=H /D
IF  SI.A 1 ~ LT ~ 0 ~ 039 ! GD TO 2000
 F  SHA2 ~ LT ~ 0 ~ 20 ! GC T C 2000
WLG= Wl
C ALL SCLVFL  WL ~ 4 HCA ~ I ~ Tt D ~ PI ~ G ~ 8 3+ E35 ~ R55!

CHECK VALUE OF LAMBDA AND WAVELENGTH

RETA=2o»>I /WL
S=S Ih!. � e»P I » C/WL !
C=CC SH � ~ » F I »G/%L !
C I �   8 ~ »C <» 4 2 e»C»» 2+ 9 ~ ! /  8 ~ » f » 4 !
C2=  3840 ~ »C»»12~4096 ~ f Cf »10+2592 ~ »Cf »8 1008 ~ fC»»6+5944m»C»»4~1830 ~

~ »C»f 2+147 ~ ! /  12 ~ »S»f I 0» � ~ f C»»2 1 ~ ! !
AWD A2= AhlCA t f 2
AND A4 = Alv .A » »4
CO TO   21 ~ 22! ~ NU<
WLG= WL/  TANH EE T A»C !»  1 ~ tANO A2» C!AA4ICAA»C2! !



33
34
35
36
37
38
39
40
41
42

44
45
46

22

53

CFL=WL/T
WRITE� ~ ".OC } %L ~ HrDrCEL ~ T ~ A+DA

47
48

C

C C CALCL,LATE CDEFF IC IFhTS

49
50
51

52
53
54
b5

56

57

58
59
60
61

WF ITE � ~ 260 !
K KK= < ~ 5 / >L I hC+ 1 ~

78
79

C
C CCM>LTE Ti-E «AVE FRC ' ILE

l2

62
63
64
65
66
E7
68
69
70
71
72
7 r
74
75
76
77

T=SOR T  WLO42.4P I /G!
GC T ' 50
C QN T I NUF
WLT=WLO4TAHH  BF TA 4O ! 4  I i AHIDA2eC I+AHD444C 2 }
 ! IFF=WL WLT
WL=  WL+WLT! /2 ~
h=h,+ I
wfi TE� ' 20! <LTD 4>DA
IF N ~ CT ~ 0 } GO TO 990
CC IFF=CBK«AWCD
IF ABS CDIFF! ~ LTrrlf GE! CC TC 50
CtK=APDA
IF AES DIFF! ~ GT ~ C ~ 00GI! GC TC 30
CONT I NUE

A� =1 ~ /5
A 13 =«C 4424 { 5 ~ 4C 4 4 2+ I ~ } /  8 ~ 4 5445 !
4 15= { 1 184 ~ 4C 44 10 1440 ~ 4C 448 1992 4C4 46+ 2641 ~ +C 444 249 ~ 4C44 2+18 !

~ /�536 ~ 454411 !
422=3r/  F ~ 4S444!
A24={ 192 4C448 424 ~ 4C 446 312 4C444t480 ~ 4C442 17 ~ ! /  768 ~ 45441 0!
A 3 3- "  1 3 ~ «4 ~ 4C44 2! /  64r 4S447}
435={ 512 ~ 4Cto
+4224 ~ tC4410 6800 4C 448-12808 ~ 4Ciw6+ �704 ~ 4C4~4

~ 1 4 4C442+I C7 ~ !/�096 ~ 4S44�4 F ~ 4�42 I ~ ! !
aa4=  80r «C4~6-816. eC 444+�38.4C442 197. ! /�536.48~4! 04 �r 4CO42 1 ~ 1

~ !
A 5=   2880 ~ I�4 I C 72480 ~ 4C448+324000 ~ 4C446 432000 ~ 4C444+I 63470 ~ <

~ C 4+2 1 6245 ~ ! /{ 61 440 ~ +'54+ 1 �   6 ~ 4C44 2«1 ! 4  8 ~ O'C444 1 1 4CW 42+3 ~ ! !
F22= � ~ 4C4+2+I ~ ! 4C/� ~ 45++3!
D 4=C +  272 ~ +CAN+ 8 ..C4 +C'+46 1 92 ~ 4 C444+322 ~ 4C 442+21 ~ ! / �84 ~ >S4'4? !

833=3 ~ 4  8 ~ 4C 446+ I !/  64 ~ 454*6 !
844=CAN   768 4 C44 1 1 448 4C448 48 4C 446+48 ~ 4C444+106 ~ 4C442 21 ! /

~ �84»8449>� ~ <C442 I ~ }!
CO = 5 CRT   C4   T A hH   BET A4 ! ! ! !
C 3= I ~ /{ 4 ~ 454C }
C 4=   I 2 r 4C4 48+ 36 r WC446«162 ~ I|C 444+ 1 4 1 ~ 4C 44 2«27 ~ ! /  192 ~ 4C 4 84 49!

4 HO 43= A!r DA e4 3
AHICAc-AIHDA 44c

Y� !=bWQb
V   2 ! = A NDA2 4   822 + A MOA 24 8 24 !
Y � !=AMOA34 833+AHDA24F35 }
V � ! =A 4D 444 844
Y   5! =AMDAbe 5
U  I ! = AWDP4 { Al I +AHCA24413tAMDA44A 15 !
L �! =A WD 424{ Ac 2+ APDA24 A24 !
U � != Agr�34  A33+A4IDA24A35!
L � ! =AM .444 A44
U�!=ANr�5eASE

{6 ~ 250! Pl 1 ~ A  3 ~ 415 ~ 422tA24 ~ A33 A35 ~ A44rA55 g22 ~ 824 833 R15 ~
1844 ~ F55 ~ CG ~ Cl rC2 rC3 ~ C4



XCL=O i
DO 410 J=l ~ KKK
TFETA=2 ~ 4P 14XDL
q SUV=O.O
DO 400 I =1 ~ 5
WF=V   I !«CDS  tTFETD!
WEi.w= ISUM+ wP
CON T INUE
YP   J ! ='WSUM/EFTA
WRI TE � e 2>C! >DL e YP  J!
X CL=XDL DXL INC
C C hT'I hUF
KKK=O i5/XL INC t I ~
XDL=O ~

80
FI
H2
83
84
85
86
87
89
89
90
'91
92
O3

400

410

C C
C

300

3 1'!

320

990
99+

200t'

5

94
95
96
97

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
12e
127
�e
129
130
131
13?
133
134
135

HAEC IN DO LOOP TO C ALCULATF. vFLOC I T I E S AND ACCELERA TI ONE

DD 320 >~= leKKK
w s I T F.   6 i 280 ! X 'L
THE T 4 =2 ~ 4P 14 XC:L
LEP=C tVP   MM !
1D 0 =DF P/ DFP I hC+2 ~

F F =DE P/DFP I hC

IF=FR
DF-"FP~F L CD T   I C I
92F  CP oEO oO ~ C ! IDP= IDP
SC=O ~
DO 31C K= I e DF

USUS=0.
%EL@=0 ~
UASUM=OS
V DSUM=O ~
DC 3CC I =1 i5
UPU= I~U  I ! ~CUSP'  I+BETA+ED! ICOS  I+THE TA}
VP V= I 4U   I ! 4'S I 0 t   I +EET A LSD ! +S IN   I +THET D !
U cL >=L cLN+ t PL
V SU <=VSUM tVPV
92 DU= I+42+U  ! ! +CCSH  I + EET D4SD ! 45 IN   I OTHETA!
VAV= �42 'U  I ! + 5 I NH  I +RE TA+SD ! +CD   I 4THFTA !
UD SU 4'= UD SUM tU AU
VDcUH=VA.LW+VDV
CON T INUE
LF=USUM+CE
VP=V LN+CEL
Du=u DSUM 4CEL 4»2 +BF. T A
4 V=-VDSUvDCC1 4*2+PET A
WRI TE   F ~ 00! ScD ~ LV ~ VP AL ~ A V
SC=SC+CEP INC
 F  cD ~ GT ~ DFF! cD � DFP

CON T INUF
XCL cXCL+XL IhC
CON T I NLE
wP IT E  Eo 850 !
GC TC' 999
wRI TE  E ~ EGG!
we ITF. � ~ 9001
GC TC 1CCO
wQ! TE  C ~ =OCC !
FCRHDT 92 Il ~ 2F10 ~ 5 !



]3b
137
138

139

140

141
142

143
] 44
145
146
147

]40
149

C

SUEROUTINE. SOL VEL WL»Ah'DA»H» T ~ 0 ~ R] »G
TVIS SLVRCVTrhF CALCULATES VALUF OF LA~

C=CC'EH  7 ~ 4F ] 40/leL !
S =S Ihh � ~ wP I ~ C/WL !
RETD=2 ~ 4 ~] / ILL
E 3=3 ~ 1  F ~ <C>+6+] i!/  64 ~ 4544'!
F =   H91 28 ~ 4C 4 e ]4»?98224 ~ 4C4 41 2' 70 ' 4

,4C 446+ 62F4 ~ SC4+ 4 . 4 ~ 4C442 El ! f   ] 22F'
E55=  ]92>OG ~ tC44]E 26" 720 ~ 4C4414tE36

~ +CAN Et 71 F 0 ~ 4   44 6 «]HO ' ~ 4C 4 44»10 50 ~ 4 C 4
~ 122EE ~ AS44]C4  E ~ +CAN?«] ! 4  F. 4C444 I

I TN AX ='50
X= ~ 7
CX 2= F ~ 5+ '55
CST=F ]4H/WL
DO 25 I= ], ITvAX
R C   T � X   F 3 3 4 X 4 '4 3 ! C K 2 i X + + '3»C 5 T i X ! f   I »
RD IFF =RC'C T» X

F AES <CI'FF ! ~ L F»»090]! GO TD ]CC
X=RCCT

2.. CCNTINLE
WFITE �. 700 ! CC:  T

]OC AvrA=X
7 ~0 FCFWAT  ?X ' COVSNI Ct!VVERGE AFTER 5.

]F ]0 ~ 4!
Q ETU'PN
Fh !

i�33 ~ 835»855!
CA

I I
] 52
153
154
155 EiwC44]Ot54000 ~ 4C44F 218]6 ~

P. ~ 45+4] 24 � ~ tCte 2»'] ~ ! !
E C i 4C 44 ] 2+ 2G]60. ~f 4*1 C- 72 F O.
42+225 ~ !f  
1 ~ 4C442t3 ~ !!

]56

157
]58

160
161
] 67
163
]64
I FS
166
] 67
]6R
169
1 70

+ 348 33+X44? t54CK?4X 444!

  i'Ei' AT I GNS ~ ~ 3 X ~ iRGO T= ~ ~

]71
1 72

14

]0 FORMAT . F I 0 ~ 5
2O FCR4'AT  SY ~ 2 FI »4 ~ 5X l !

2 CO FORlilA 1  IHI ~ f f f f f/f ~ TO5 ~ VALUES OEFi IV ED US INC STOKES F IFT! ORDER
6 ~ WAVE TVFORY» ~
] f f f f f f f i T I 7 ~ 'll 4 V F l. E h GT V i ~ F 1 i ~ 4 i /f f ~ T I 7 ~ i W 4 V F HF- I G 8 T � ~
7F ]0 ~ 4 ~ /// T ] '7 ~ ~ %4 1B R DFPTH =' ~ F] 0 ~ 4 ~ /f / i T ] 7 ~ ~ WAVE CFL E< ITY
4F ] 0 ~ 4 i f // ~ T 1 7 ~ i W AVE P EP IO 0 = ~ F 1 0 ~ 4 ~ f // ~ T 'I 7 ~ L A<. DA i

EF]C ~ 4!
258 FORMAT  f f f f, 112» ~ VALUE 5 CF CCFFF I C IEhTS ~ /// ~ TO7 ~ ~ Al I = ~ ~

]F1'7 ~ 4 ~ SX ~ A]3 = tF]O ~ 4 ~ 5Xi A15 = ~ FIO ~ 4»f//i T07 ~ A22 = ~
2F ]C ~ 4 ~ 5Xi'D24 = ' »F If ~ 4 ~ 'Sx ~ 433 = ' ~ F 10 ~ 4 ~
3ff/ i TO7 ~ ' A 5 = 'iF 10» 4» Xi A44 = ' »F � ~ 4 ~ Xi ~ A55 = ~ ~ F 10 ~ 4»ff /i
4TC7, ~ 827 = ~ ~ F] f 4 ~ 5X ~ LI24 = ~ FI0 ~ 4 5X ~ ' t! 33 = ~ ] 0 ~ 4 ~ ///i
5T07 ~ H . = ~ f IC ~ 4» X »i B44 � »F IO ~ 4 ~ 5X ~ E!55 = ~ Fl 0 ~ 4 ~ //f t
6TC7 ' C'! = ' F]O ~ 4 5X iCI = ~ F 10 ~ 4 X ~ C2 = ~ ~ F] 0 ~ 4 f ff T07 ~
7' C3 � ~ ~ F.] C ~ 4 ~ 5X ~ ~ C4 � i »FIO ~ 4 !

FO<>AT  I!-] ff f// T30 'WAVE PROF ]LE f//f ~ TRC ' X/L ~ ~ 5 X ~ 'O[STAhCE A !
I C 'i E !» W L ' ~ / !

270 FORMAT  T]EiF IC ~ 4» 725»F] C ~ 4.!
2  l, F CREAT  I V I ~ 9   f !, T34 ~ X/L = ~, F7 ~ 4, f f f, T]0. ~ S ~, T]5 ~ Hf9�CN TAL ~ ~ T34 ~

I VFRTICAL T r ~ iHCRI 7ChTALi ~ T67 ~ y FT ICAL ~ / T]9 VELQC ]TY ~ T34 ~
2'VFLOC ]TY' ~ T49 ~ iACCFLERATIONi ~ Tf i »ACCFLERATIGN ~ i/!

5GO FCRHDT  f 13 ~ 4 4F]< 6 !
ROC FllRMAT  IH] ff f/ ' DOF 5 NC'  CCNVFRGFi !

55C F f 0N DT  / I T 20 ~ DLL C I�FhS If!N S IN F EF T, POUND S, SEC'3NDS ~ ~ !

9CO FOR<Ai  IH] !
3COQ FGR4IAT  f//f ~ T 10 ~ ' 44444444+4 5 TOKF S V lych VE THEORY [ 5 NCT APPLICACL
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III. HORIZONTAL WAVE FORCE ON A LARGE SUBMERGED
RECTANGULAR BODY

 a! By Stokes' Third Order Wave Theory
 bj 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 volume 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 reflection of

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

pressure.

2. Program Description

given.

Equations: The general expression for horizontal wave force, F, acting

on a rectangular body due to a wave is given by

F = CM . Ll ~ L2 - L3 ~  apl - ap2!

CM = coefficient of mass

L = length of the body
1

where,

28

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



L = width of the body

L> = height of the body

ap and ap2 are the values of the pressure aremaly at either end of
the body, f.e. ~ at X aod X + t .

hp=pwd

p actual gage pressure

wd = hydrostatic pressure

From Bernoul li's equation the pressure anomaly is expressed as

ap = - pt;-  " " ! + g S- 	
2

S = elevation above mudline

u = horizontal particle velocity

v = vertical particle velocity

p = density

g = acceleration due to gravity

where,

intervals along the wavelength. The length L of the body is parallel

to the direction of wave travel.

29

d = still water depth

C = wave speed

The forces are calculated at elemental depths and summed over the height

of the body using Simpson's 1/3 rule. The body is placed at different



3. Notation

DescriptionFORTRAN
Name

Symbol

CEL

F THF

Ll

L~

L3

SL]

SL~

SL3

WL

UP

VP

RHO

30

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 physica'l characteristics of
the body under consideration. The coefficient of mass  CM! should be typed
in columns 1-10, the body length  SL1! 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 height 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 Ãlinc, the increments along the wavelenqth at which one end of the body
is placed, should be typed in columns 3-12 as a floating decimal quantity.
Xlinc is the dividend of x, the horizonta1 distance, and L the wavelength.
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1

2 3 4 5
6 7 8
9

10
11
12
13
14
15
16
17
18
I9
20
21
22
23
24
25
26
27
28
29
30
31

//S{! P I IONS
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

DI MENS ION FP l 10! ~ YP   10 ! ~ SV  100 !
READ� ~ 10! 7rH ~ D
READ�» 10! CM ~ SLI ~ SL2 ~ SL3 ~ DEPTH
READ� ~ 5! IDEP ~ XL I NC
L=O
G=32 ~ 2
P  =3 ~ 141593
RHQ=64 ~ /G
WL =5 ~ 12«T«T

12 X=2 ~ i PI iD/WL
CF31 =COSH  X! «CO SHl X ! «COSH  X ! «COSH  X ! «COSH{ X ! «COSH  X !
CF32=SINHl X! «SI NH   X ! «5 INH  X ! tS INH  X! «S INH  X! «SINH{ X !
F 3= { 3 ~ / I 6 ~ ! t   I ~ +   8 ~ e CF 3 1 ! ! / C F 32
AI=WL«WL/{ Pl «PI«F3!
Bl=-HtwLtwL/� ' «PI«PI«F3!
A-  � ~ 5«8 I+SoRT  ~ 25«81 «BI+A! i'A 1 «A I/2'7 ~ ! ! ei'{ I ~ /3 ~ !
B=l � ~ 5«BI � SORT  ~ 25«81«81+Al «AI«A1/27»! !
BB=B
B=ABS{B!et  1 ' /3 ' !
S IGN = 1 ~
IF ee ~ I T ~ 0 ~ ! SIGN = � 1 ~
A=A+ S I GN«B
C1=14 ~ +4 ~ «COSH{ 2 ~ «X! «COSH� ~ «X !
C2= I 6 ~ «SINH  X! «S INH   X ! «SINH  X! 4S INH{ X!
C= I ~ +  �»«PI «A/'WL ! e«2 ~ ! «Cl/C2
WLT= { ~ 5«G« T«T/PI ! e TANH{ X ! ! «C
WRITE   6» I 1 I ! WL ~ WLT

I 11 FORMAT�X ~ 2E 16 ~ 8!
DIFF= WL-WL T
WL= { WL+WLT ! /2 ~
IF{ ABS DIFF ! ~ GT ~ 0 ~ 01 ! GO TO 12

t«et etc«iree«eet t t«eet tet tet «tete tet et tir ett et«et t tete«t«eeet tete t
«eeee«eti ti «teteetteetei tei eeteeeeei tttti eeet tet««i i eei et«eeet it«et
E ~ J ~ CHACKO COASTAL AND OCEAN ENGINEER I NG D lV ~ ~
C I V IL ENGINEERI NG DEPARTMENT CE 685 PROBLEMS
tetteette«et«tetetteirttt«eeirteeirett«ttteeettttteetirtettttteeteetttt

HOR I ZQNTAL W AVE FORCE ON SUBMERGED RECTANGULAR BODY BY
STOKES THIRD ORDER WAVE THEORY

tee«etc««e«eeteee«eeeeteeeteeteetetee«tt«eettteetireeeeiie«iittteete
D = STILL WATER DEPTH
H= WA VE HE IGHT
T = WA VE PER I OD
DEP 'T H- DEPTH OF BODY ABOVE MUDL I NE ~ AT MUDL I NE ~ DEP TH=0»0
SLI=LENGTH»SLI=WIDTH ~ SL3>HE GHT
IDEP = NUMBER OF INCREMENTS ALONG THE HEIGHT OF THE BODY
IDEP MUST BE EVEN INTEGER
XLINC = INCREMENTS ALONG WAVELENGTH AT 'WHICH ONE END OF THE
BODY IS PLACED

33

32
33
34
35
36

C C C END QF I TERAT I VE RRQCE SS TO SOLVE FOR ACTUAL WA VELENGTH

CF2= { 2»+COSH   2 ~ «X ! ! «COSH { X !
CF21 =2 ~ «S I NH { X ! «S 1 NH   X ! «S INH  X !
F 2 = CF 2/CF2 I
CEL=WL/T
A1=A/WL



37
38
39
40
41

C C C GENERATE S I MPSON ' 5 VEC TORS

SV{ 1!=l ~ 0
DO 45 KL=2 e MM ~ 2
SV{ KL !=4 ~ 0
Sv  KL+ 1 ! =2 ~ 0
SV  KL+1 != I ~ 0

51
52
53
54
55

45

END

K K K= 0 ~ 5/ XL I NC+ 1 s
XOL= 0 ~
WRI TE �i 260!

56
57
58

C C
C

7{
2N  3 ~ 4TH! !EXCEL

310

400

42
43
44
45
46
47
48
49
50

59
60
61
62
63
64
65
6*
67
ee
69
70

72
73
74
75
76
77
78
79
80
Bl
82
83
84

A2=P I 4AI 4A�F2
A3=P�P{4A ! 4AI 4A I+F3
F 1= 2 ~ 4P I 4A/  WL4 S I NH  X ! !
F2=3 ~ 4P{4P I 4A4A/{ WL4WL O'S INH { X! 4S INH  X ! 4SINH  X ! 4 S INH   X ! !
F3=     3i/16 ~ !'4P I4P�A4A/{WL+WL! ! 4 Iles � 2 ~ 4COSH� ~ +X! !/ SINH{ X�'>7 ~ !

1 ! 42 ~ 4P I CA/WL
VC=   A 1+A2+A3! WWL
YT= YC-H
WR1 Tf � i200! WL ~ H ~ D ~ YC ~ YT EXCEL ~ T ~ Al ~ A2 ~ A3 ~ F I ~ F2 tF3 ~ A

WRl TE � ~ 210!
WRITE {6+ 270! SL I ~ SL2 ~ SL3 ~ CM ~ DEPTH
X INC= SL 1 /WL
DEL 1'A=SL3/ IOEP
CGN=CMOSL2
MM=IOEP+1

BEG I N DO LOOP TQ CALCULATE THE WAVE FORCES

DO 410 JJJ=1 ~ KKK
SO=DEPTH
X>L=XDL
DO 400 JJ=1 ~ 2
FP  J J !=0 ~ 0
T! ET A=2 ~ 4P 14XML
TH=THE!'A
OO 310 K=1 ~ MM
YS=WL 4{ 41+COS{ TH! +A24COS� ~ 4TH !+A34COS   3 ~ 4TH! !
YP  J J! =YS
XV=2 a 4'P 14SO/ WL
{!=  f 1 tCQSH { X Y! 4COS  TH ! +f 24COSH  2XX Y ! ICOS� ~ 4TH!+F3+COSH{ 3e {'XY! ICOS

1� 4TH! ! 4CEL
V=I F 1451NH { X Y! 4S 1 N{ TH ! +F24S INH { 2 OXY! CSIN{ 2 ~ 4TH!+F34S INH� ~ 4XY! 4 Sl

UP= U
VP= V
LPS=UP442
VPS=VP442
DP=-RHO4   -CEL! 4UP+   UPS+VPS ! /2 ~ !
FP  JJ!=FP  JJ !+DP4SV K!
SO=SO+DELTA
CCNT INUE
xML=xML+xr NC
CCNT I NUE
FL= DELTA/3 ~ � FP{ l !-FP{ 2! !
DHF =   VP   1 ! -YP{ 2 ! ! 4G45L 34 { -RHO !
T HF = C D N >   F l. + D HF !



85
86
87
88
89
90
91
92
93

94
95

96
97
98
99

100
10 1

l/SGATA
0 ' 5LL99970E
0 ' 47673700E
0 ' 46579490E
0»46240550E
0 ~ 46 135540E
0 ~ 46103020E
0 ' 4609294OE
0 460898LOE
0.46088840E

0 ~ 44147460E 03
0»4 54 852 70E 03
0 ~ 45901610E 03
0 ' 46030540E 03
0 ' 46070500E 03
0»46082S60E 03
0»460867 1OE 03
0 ' 46087890E 03
0»460 88280E 03

03
03
03
03
03
03
03
03
03

35

WRITE � ~ 500! XDL ~ THF
XDL= XDL+XL INC

4 10 CCh!T I NUE
WRITE� ' 850!
GC TO 999

999 WRITE�»900!
5 FORMAT  12 ~ F1 0 ~ 5!

I 0 FORMAT�FLO»5!
200 FCRMAT LHI ~ ///// ~ TL5 ~ » STOKES THIRD ORDER WAVE THEORY ' ~

1 ///// ~ T20 ~ WAVE LENGTH = ~ F I 0 ~ 3»/// ~ T20 ~ WAVE HEIGHT
2F LO ~ 3»///» T20 ~ WATER DEPTH ~ F 1 0 ~ 3 ~ ll/» T20» YC ~ ~
3F I 0 ~ 3 ~ l// ~ T 2 0» ' Y T = ~ ~ F I 0 ~ 3 ~ l/l ~ T20 WAVE CELERI T Y = ~ ~
4F 10 ~ 3»/// ~ T20» WAVE PERI DD = ~ FIO ~ 3 ~ l// ~ T20 ~ A 1
5E 14 ~ 7 ~ ///r T20 ~ » A2 = ~ »E14 ~ 7 ~ /// ~ T20»» A3
6E L4» 7 ~ ///» T20» ' F 1 = ~ ~ E14 ~ 7 ~ ///»T20» F2
7E14 ~ 7»//l ~ T20» 'F3 ~ E 14 ~ 7» l// ~ T20 ~ A ~ ~
SE L4 ~ 7!

2LO FORMAT LHL !
2 70 FORMAT   I 0  l ! ~ T20 ~ » DI MENS IDNS OF THE BODY» ~ l// ~ T20 ~ » LENGT H

1»F I 0» 5 ~ l/» T20» WIDTH = ~ F 10 ~ 5 ~ //T20 ~ HE LGHT = ~ F 1 0 ~ 5» lll
2 ~ T20» ~ CDEFF IC I ENT OF MASS = » ~ F 10 ~ 5 ~ /// ~ T20 ~ ' ELEVAT ION ABOVE MUDL
3 NE = ~ .FLO ~ 5!

260 FORMAT  LHI » I 0 /!» T20 ~ X/L ~ T30 ~ HQR  ZONTAL WAVE FORCE ~ //!
500 FORMA T   T19 ~ F 6» 4» T33» E 16»6!
850 FORMAT  // ~ T20 ~ ' ALL Dl MEhSIQhlS I hl FEET» PCUhlDS ~ SECONDS ~ ' !

900 FORMAT LHI !
STOP
END



STCKES THIRD ORDER WAVE THEORY

WAVE LENGTH = 460 ' 885

WA VE HE I G HT = 20 ~ 000

WATER DEP TH = 100 ~ 000

1 1 ~ 094YC

-8 ~ 90 6YT

WAVE CELERITY = 46 ~ 089

WAVE PER! OD = 10 ~ 000

Al 0 ~ 2 137926E-01

A2 0 ~ 2 373039E-02

0 ' 3181179E-03A3

0 ~ 73541 76E-01Fl

F2 0 ~ 1215773E-02

=-0 ~ 7278398E-05F3

0+9853394E Ol
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DIMENSIONS OF THE BODY

LENGTH = 1 00 ~ 00000

8 I 0TH = 1 50 ~ 00000

HEIGHT = 10 ~ 00000

1 ~ 50000COEFF IC I ENT QF MASS

ELEVATION AeaVE MuOLINE = 0.0OOOO
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X/L

ALL DI MEN S [ONS I N F EET ~ POUNDS ~ SECONDS ~

0 ~ 0000
a.i000

0 ~ 2000

0 ' 3000
0 ' 4000

HOB I ZON TAL WA VE FORCE

� 0 ~ 90026 4E 06

� 0 ' 980430E 06

-0 ' 592653E 06

� 0 ' 224642E 06

0 ~ 32 1 549E 05



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 1ength  SLl!,
body width  SI 2!, body height  SI 3!, and the depth of the Lady 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 point 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 camnands and iteration constants.
Num, Idep, and Xlinc. Num is an integer value used in the program to determine
which wave characteristics are to be entered. If wave1ength  L!, wave height  H!,
and water depth �! are to be used then Num should be set equal to 1 by typing 1
in the first column of the second card. !f 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 shou1d 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 Xlinc. 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 1,
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 �F10.5! 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

> 0.2 and ifH

D
D

. 039

Le Mehaute's condi tions are used.

0 2 and T > 1 0.D H

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 output: "Stokes V
Order Mave Theory is not applicable for this problem". These conditions are as
follows:



f +Ih* f f f f f f f f f f f f f f 4 f f f f f f f 0f f f f if 4 ~ * 4 f f 4 f Afi f 4 f f 1 f f fI 4 f f f f f f f f f f f f f f f
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IV WAVE FORCES AND MOMENTS ON A CIRCULAR
CYLINDRICAL PILE

 a ! By C no i dal Wave Theory
 b! By Stokes Third Order Wave Theory

2. Program Description

Purpose: To ca'lculate forces and moments 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

FT FD+ F

F = drag force / unit length
D

FM = inertia force / unit length

FD-1/2P -CD- D ~ U2

F =1/4mp C D
2 du

M M dt

D = diameter of pile

CD = coefficient of drag

where,

General Comment

The two programs included here calculate the wave forces and moments

on a circular cylindrical pile. The first program uses the Cnoidal wave

theory which is best applicable within the range of ]/50 < d/L < 1/10.

The second program uses Stokes thir d 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 maaents are calculated at different

positions along the wavelength.





3. Notation

Symbol Descr ipt i on

WAVEV

CDCD

D

CD

CMCM

P DIADIA

TFORCE FA RE AFT
FARElTFCDFD
FARE2TFCM

WAVELWL

BAREA-TMOM
r

MD

T

TMCD BAREl

BARE2TMCM

UVEL

RHO RHO
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FORTRAN
Name

Cnoidal Stokes Third

AX UDOT Horizontal particle acce'Ieration

Wave speed

Coefficient of drag

Coefficient of mass

Pile diameter

Stillwater depth

Tota'I force

Drag force

Inertia force

Wave height

Elliptic modulus

Wavelength

Total moment

Drag moment

Inertia moment

Wave period

Horizontal particle velocity

Density 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
cormands. 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 shou'Id
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 blank.

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. Al'I 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 floating 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 l3epinc, 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 beIow crest and blank if pile top exceeds
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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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 inc1uding the decimal point and 4 digits to the right
of the decima1 point. The computer wi11 read the card expecting the first
value in columris 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 i ntegers, each co1umn 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 wil1 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 �I5, 7 F 10.0!. This means the computer
expects to read 9 values  in this case on1y 4 are used!, the first two of which
are integer values containing a total of 5 digits and the last 7 real numbers
containing 10 digits with the number of decima1 places unspecifi ed.

The quantities to be read in to the program respectively then are Numine,
Numthe, Theta, and Vincrm. Numine and Numthe, are integer va1ues; Theta and
Vincrm are floating decimal point numbers. In the first five spaces, Numine
is typed. It must be right justified, that is, if Numine 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
required 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, denotiIig all numbers as floating
decimal point numbers. Hence, pile diameter should be entered in columns 1-10,
CM in columns 11-20, and CD in columns 21-30.



Card 4�

Oata card 4 is used to input Ncode  code designation: 0 if pile top is
above wave crest and 1 if pi'le 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   I5, 5X, F 10. 0!. This means that
Ncode should be an integer value containing no more than 5 digits and right
justified in columns ]-5. If Ncode equals 1, Topht is required and should be
entered as a floating point value in columns 1'l-20.
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C C
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DETERMINE wavE vELQCt Tv

waVEV = WAVEL f WAVEP51

WR I T~ INPUT

W<I TF  
WRI>E 
WR!TE 
WRITE 
WRI TE 
WRI ~E  
WRIT~ 
WR!TE 
WRI r 5 
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6 r 500!
6«501!
F 502! WAV'EL«WAVEP ~ WAVEV ~ SMALLA

6«503! DEPTH AH
6 ~ 504! PD '  A ~ CD« CM
6r 509!
6«505!
6«506!
6 ~ %07!
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C C C
C C C
C C
CC C C C C C C C C C
C C

C C C

NUMINC = NO ~ OF INCREMENTS TO USE IN THE «SIMPSON» HOMER ICAL
I NTFGRATIOH SCHEME ~ TWENTY �0! INCREMENTS WILL GIVE SUFFICIEHTLV
ACCURAT'E RESULT5 ~ IT I S IMPORTANT TO NOTE THAT ~ NUMINC ~ MUST
BE AH EVEH NUMBER ~
NUM THE = NQ ~ OF THETA 5 AT WHICH FORCES AHD MOMENTS ARE TO BE
C ILCUL AT ED ~
THETA = INI Tl AL PHASE ANGLE AT 'WHICH FORCES AHD MOMENTS ARE TO
BE CAL CULATED   RADIAHS ! ~
V INCRM = ANGLE BY WHICH THETA IS INCREM'ENTED AT f ACH STEP   RADIANS! ~
SIIALLA = «A» USED I N THE STOKE 5 THI RD ORDER FORMULAS   FEET ! ~
DEPTH = DISTANCE FROM BQTTOM TO SWL  FEET! ~
wAVEL = WAVE LE'NGTH   FEET ! ~
WAVE> = WAVE PERIOD   SECONDS!,
PDI I = PILE DIAMETER  FEET! «
CM = COEFFICIENT OF MASS  UHITLESS! ~
CD = COEFF ICIEHT OF DRAG  UNI TLESS! ~
RHD = MASS DENS ITY OF WATER  L B ~ ~SEC ~   5 ! ~ ! /FT ~ ! ~
NCODE = CODE DESI GHAT I OH

0 IF PILE TOP IS ABOVE CREST
1 IF PILE TOP I S BELCW TROUGf'

NOTE THAT PILE TOP CANNOT BE Bf TWEEN CREST AND TROUGH
FQR THIS PRCGRAM ~

TOPHT = DISTAHCE FROM BOTTOM TO PILE TOP ~ INPUT ONLY IF NCOOE = 1

PFAD� ~ 600! NUMINc ~ NUMTI E ~ THETA ~ vlwcRM
READ�«801! PDIA LCM«CD
'PEAD'�«602! NCODE ~ TOPHT

GRAV = 32 ~ 2
PI = 3 ~ 14159
RHO=64 ~ /'G
C 1 = 2 ' 4PI4DEPTH/WAVEL
C2 = 2 ' +PI/WAVFL
C 3 = P I/WAVEI
C4 = CD+RHO+PDI A+0 ~ 5
CS = CM*RHO+Pr*PDII+PDIA40 25
CO'I = COSH  Cl !
501 = SINH Cl !
SF2 = CO14  COSH  2 ~ 4CI ! + 2 ~ ! /  2 ~ +501 '++3 !
SF > = �4 ~ +CO1'++6 + 3 ~ ! /  16 ~ +SO1 +<6!
F 1 = C2*SMALLI!/SO1
F2 = 0 ~ T5+ C2+SMALLA I 4+2/501++4
~3 =   3 ~ /64 ~ ! 4  C2+SMALLA! 4+ 34  11 ~ 2 ~ +COSH  2 ~ +C1 ! !/SD 1+'+7
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V. A COMPUTER PROGRAM USING THE STREAM FUNCTION
TO PREDICT THE FORCE AND MOMENT OF A VERTICAL
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 e!/h

F/yCHD = 2 u e!
D 2 o

lu o!l s s +
H d h

1+n e!/h
vr m. D u e! h S

CD H gH H d h
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1. General Comment

This program was developed based on the stream function as presented by

Robert G. Bean in his publication "Stream Function 4fave Theory: Validity and

Application". The mathematical functions for the wave represented here are
the Stokes I I I and Stokes V Theories. Other functions can be substi tuted. 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.



1+n e!/h

/vCdH DhN 2 u e! u e h S S +
1Th a%

�!

1+n e!lh
C~ D ~   h S S

H h d

where: y = Dimensi onl ess force coef f i ci ent

Total force on pile

Water density

Drag coefficient

Wave height

Piling diameter

Wave shape function

C

H

D

u  ! = particle velocity at a given level

u e! =

70

Gravitational constant = 32.2

Constant = 3.1415927

Inertia Coefficient

Particle acceleration at a given level

Vertical component with origina1 bottom and positive upwards

Dimensionless moment coefficient



3. DEFINITION OF TERMS

A 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  lbs!

FSUM - Summation of force on pile  lbs!

G � Gravitational constant = 32.2 ft/sec
2

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-lbs!

MSUM � Summation of moments about base  ft-lbs!



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 = 3.14I5927

S - Vertical component with origin at bottom and positive upwards

SDH - S/D

SDHE � S/height

SUMIF � Temporary variable in F computation first term

SUN2F - Temporary variable in F computation second term

SUNIN - Temporary variable in M computation first term

SUN2M - Temporary variable in N computation second term

T - Wave period  secs!  input variable!

TERNIF � First term in F equation

TERN2F - 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 solution

YN  ! - Level at. which UN  ! and AXM  ! are computed, origin at SWL
positive upwards, negative downwards  ft!

72



4. BIBLIOGRAPHY

Robert G. Dean, "Stream Function Wave Theory; Validity and Application".
Coastal Engineering, Santa Barbara Specialty Conference, October 1965.

2. Cecil M. McClenan, Charles M. Kindel, Hayes, E. Ross and Henry W. Worthington,
"Computer Programs in Ocean Engineering", TAMU-SG-71-405, COE Report No. 131,
Texas ARM University, July 1971.

73



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 �E10.2, 2I5!. CD  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 exponentia1 notation. If the columns correspond-
ing to each value are left blank the computer will read this as a zero and auto-
matically set CD equal to 1.05, CM equa'1 to 1.4, and Garrma 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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P ROGRAM LIMITATIONS

Program limitations are the same as those incorporated into the Stokes V
Order and Stakes III Order Wave Theory programs.
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! hlPUT DATA
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C OLS
10 Hc IGHT

11 20 D
21 30 T
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OPT I O N AL
C' D

CM
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lelp
11 20
21 30

31a35 NWRIT»

3 Sa4 0 NME TH

C C C MUL ! PL» SET S < CARD 1 +

  eaaeaeeeeee saeeeeaee eeeeaa ace eeaeeeeeaaeeeeeee92eeee Haec

I 2

4 S 7
e

10
11
12
'1 3

14
15
16
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19
20

22
23
24
25
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27
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F ORF F 4 ND MO ME N r CN WAVE' L 0 AD ED VER T I CAL P t L E
BY -HE STREAM FUNC Tt ON

WAVE HEIGH~
WATER DEPTH
WAVE PERIOD
! NI T I AL X/L I N~»RVAL
INCREMENT WHt CH XDL IS T 0 BE ! NCREASED SY
F 'I NAL X/L INTE'RVAL
D I A M 'E T E'R O F P I L E   F ~ !
INCREMENT WHICH PILE WILL BE DIV ID D

INTO  FT!

CONSTANTS �E10 ~ 3 IS!
DRAG COE'FF ~ IF 0 WILL BE SET =1 ~ 05
I~ERTtA COEFFe IF 0 WILL PE 5 T =1.40
UNI T 'WE! GHT 0» W ATER  L BS/FT ««3 ! IF 0

W! LL BE SET = 54

WPITF DPT tDN
0 IMPLIES ALL I NPUT AND FORCE AND MOMF
1 IMPLIES 0 LEVEL PLUS VELCC! TY AND

ACC ELERA> I ON FROM THE WAVE FUNCT I Ohl
METHOD OF SOLUTI ON

0 IMPL IES STOKES V
1 IMPt tES STOKES II!

CARD 2 ! ALLOWED

»» 4L M ~ MUSM
N/WR! TCI/XDL! NC ~ XDLF ~ CI A LCM ~ CD ~ NWR ITS

C' <MM ~hl /R»S ULT/U M   100 ! ~ A XM  1 0 0 ! ~ YM  1 00 !
1 0000 < 40 � 100 ~ END»QR9 ! H'E IGHT ~ D ~ T ~ XDL ~ XDL INC ~ XDLF D I A DEP INC

+>   NT e HF! GHT eD ~ T s XDL e XDL INC ~ XDLF ~ D! 4 « DE> I NC
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D>  'N> CD CM ~ GAMMA ~ VWR I TE hlME TH

1 01» I>'44 �510 ~ 2 ~ 21 !!
 CD.FQ.O! CD= .05

I   C 4I ~ cQ ~ 0! CM=! ~ 40
  GAMM4 ~ EQ~ 0 ! GAMMA =54 ~ P

G � 2 2 ~ 9
>1=3 a141S927
DFNOM»=GAMMA«CD«HE! GH T«HEIGHT«DI A
D»N~ MM =D »NO MF +D

ONTI gU»
!»  NM»~H ~ »Q ~ 0! CALL STOKEV   T ~ H»! GHT ~ D iDE>INC ~ XDL ~ ! ~! MES !
I» NM= H+EQ ~ 1 ! CALL STOKE'S  Te HEIGHT eDiDE~INC ~ XDt i IT!MES!
WaT ~»  6 ~ '! 000!
»»UM =0
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� !=1 ITIM S
+YM t!
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!» '  I ~ N» ~ 1 ! SDHE =DFP! NC /HE I GH T
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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-

eluded. This program was presented in an earlier publication, A Com uter Pro ram

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

Henry M. Worthington and John B. Herbich4 The program presented here has been

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

2. Program Description

INPUT, OUTPUT

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 �6F5.0!

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 TN �5, 25 ! matrix and then the DO 10

loop transposes the data and places it into the D�5, 25 ! matrix.

The thi rd 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 pri nted row by row. If 14 or more co1umns of

data are in a row, a heading ROM= is printed and the data follows on the following

lines with 13 data points per 1 inc.
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The Friction Coefficient

In a paper by Skovgaard, Jonsson and Bertelsons, a method for corn-

puting the effect of bottom friction is outlined. The formula for this

effect is as follows:

f Kf

Lp nunc sinh kh v~8

T = Wave period

Constant = 3.1415926

H = Wave height at starting position
st

Lp = Deepwater wavel ength

n t = Dimensionless quantity at start
st

n = Dimensionless quantity at time t

c t = Wave celerity at start
st

c = Wave celerity at time t

f = Wave energy loss factor  bottom friction coefficient!
e

Kf = Modified friction coefficient

Wave orthogonal separation factor

New quantities computed in RED SEA are:

= LO = 5.12T**2
0

2kh

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

ning of each orthogonal.

The numerical method used to solve the nonlinear differential equation

is as follows:

Given Kf at time t
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Kf at time t + 1

t t + DEL t  Const*K« , **2!
fat t f at t

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

Kf at time = 1 is 1

The H Hst ratio is equal to Krefraction*Kshoaling*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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