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PREFACE

This report provides coastal engineers a second series of algorithms for
a number of hand-held calculator programs for coastal engineering, primarily
in the area of wave transformations and wave generation. These algorithms
were developed under the U.S. Army Coastal Engineering Research Center's
(CERC) Littoral Data Collection Methods and Their Engineering Application
work unit, Shore Protection and Restoration Program, Coastal Engineering Area
of Civil Works Research and Development.

The report was prepared by Dr. Todd L. Walton, Jr., Hydraulic Engineer,
under the general supervision of Dr. J.R. Weggel, Chief, Evaluation Branch,
and Mr. N. Parker, Chief, Engineering Development Division.

The author acknowledges the assistance of J. Dean in preparing the manu-
script. The review by Dr. J.R. Weggel is appreciated.

Technical Director of CERC was Dr. Robert W. Whalin, P.E., upon publica-
tion of this report.

Comments on this publication are invited.

Approved for publication in accordance with Public Law 166, 79th Congress,
approved 31 July 1945, as supplemented by Public Law 172, 88th Congress,

approved 7 November 1963.

TED E. BISHOP
Colonel, Corps of Engineers
Commander and Director
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI) UNITS OF MEASUREMENT

U.S. customary units of measurement used in this report can be converted to
metric (SI) units as follows:

Multiply by To obtain
inches 25.4 millimeters
2.54 centimeters
square inches 6.452 square centimeters
cubic inches 16.39 cubic centimeters
feet 30.48 centimeters
0.3048 meters
square feet 0.0929 square meters
cubic feet 0.0283 cubic meters
yards 0.9144 meters
square yards 0.836 square meters
cubic yards 0.7646 cubic meters
miles 1.6093 kilometers
square miles 259.0 hectares
knots 1.852 kilometers per hour
acres 0.4047 hectares
foot-pounds 1.3558 newton meters
millibars 1.0197 x 1073 kilograms per square centimeter
ounces 28,35 grams
pounds 453.6 grams
0,4536 kilograms
ton, long 1.0160 metric tons
ton, short 0.9072 metric tons
degrees (angle) 0,01745 radians
Fahrenheit degrees 5/9 Celsius degrees or Kelvins!

170 obtain Celsius (C) temperature readings from Fahrenheit (F) readings,
use formula: C = (5/9) (F =32).
To obtain Kelvin (K) readings, use formula: K = (5/9) (F -32) + 273.15.
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HAND-HELD CALCULATOR ALGORITHMS FOR COASTAL
ENGINEERING (Second Series)

by
Todd L. Walton, Jr.

I. INTRODUCTION

The advent of the hand-held programable calculator has led to the develop-
ment of numerous programs in various fields of engineering and science.
Coastal engineering is no exception. This report provides algorithms for a
number of calculator programs useful in performing coastal engineering calcu-
lations, primarily in the area of wave transformations and wave generation.

There are basically two types of hand-held programable calculators: those
that use algebraic logic, such as Texas Instruments, Algebraic Operating System
(AOS) notation, and those that use Reverse Polish Notation (RPN), such as
Hewlett-Packard. The six programs presented herein are versions of RPN logic
suitable for use on HP41CV programable calculators with or without accessory
printer. Each program is documented, the assumptions are briefly described,
and references to more detailed presentations of the theory are given. This
same set of algorithms was programed for the TI-59 (AOS logic) and HP67 (RPN
logic) calculators in an earlier report with the same title (Walton, Birkemeier,
and Weggel, 1982)%,

Each of the RPN programs incorporates HP41l compatible print routines which
print and label all input and output parameters. The user only has to enter
the input parameters and the results are automatically computed and printed.
Since the printing routines increase program length by as much as 25 percent,
use of a magnetic card for permanent program storage is recommended. All
print steps are marked with asterisks and need not be entered if printing is
not desired.

II. PROGRAMS

Six programs (100, 101, 102, 103, 104, and 105) are presented in this
report. Program 100, a simple program that computes linear wave theory wave-
length for a given depth, is designed to be used as the basis for any program
that requires wavelength; in fact, it has been incorporated into programs 101,
102, and 105.

Program 101 is another basic program which computes not only wavelength
but also a number of other linear wave theory parameters. This program forms
the basis for program 102 and can be adapted to other programs as well.

'WALTON, T.L., BIRKEMEIER, W.A., and WEGGEL, J.R., "Hand-Held Calculator

Algorithms for Coastal Engineering," CETA 82-1, U.S. Army, Corps of Engineers,
Coastal Engineering Research Center, Fort Belvoir, Va., Jan. 1982.




Program 102 computes linear wave parameters and breaking wave height and
direction based on nearshore or deepwater wave information, Program 103 can
be used to forecast wave height and period in shallow water. Program 104 and
105 address wave conditions at structures--program 104 predicts the depth-
limited design breaking wave height at a structure; 105 uses Fuchs' equation
to predict wave transmission over a thin barrier.

Each program allows either English or metric input and output. Program

listings are annotated, making it possible to follow the logic of the algori-
thm and to make modifications if desired.

There are undoubtedly many calculator programs not included here that have
been developed on coastal engineering subjects. Practicing engineers who would
like to disseminate such programs (in either AOS or RPN) to other users are
encouraged to submit them to the Coastal Engineering Research Center (CERC).

If the response is great enough, additional reports presenting the programs

will be prepared. Comments, programs, or sugpgestions for programs should be
sent to:

Commander and Director

US Army Coastal Engineering Research Center
ATTN: Evaluation Branch

Kingman Building

Fort Belvoir, VA 22060

These programs and future progrars will generally correspond to the following
nurtering scheme:

Miscellaneous 0-99

Waves and currents 100-299
Inlets i 300-499
Beaches 500-699
Geology 700-899
Structures 900-1099

In general, the documentation of programs submitted should be in a format
paralleling that of the programs presented in this report. A blank set of
forms which can be reproduced is included in the Appendix.
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Program Deseription

Program Titte 100R-41CV Linear Wave Theory Wavelength (RPN Logic)

Name T.L. Walton, Jr. Date 1/82
Address Coastal Engineering Research Center

Kingman Building
Cuy Fort Belvoir, Stale  yirginia Zip Code 55060
Program D iption, Equations, Variables, etc.

This algorithm takes deepwater wavelength as input and using the depth
at a given site iterates to obtain wavelength by linear wave theory.
Algorithm uses English or metric system of units.

REFERENCE
U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER,

Shore Protection Manual, 3d ed., Vol. I, Eq. (2-4), Stock No. 008~
022-00113-1, U.S. Government Printing Office, Washington, D.C., 1977.

Operating Limits and Warnings

100R-41CV-1




User Instruetions

100R-41CV LINEAR THEORY WAVELENGTH (RPN LOGIC) SZE: QI
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
I LOAD PROGRAM  (WAVEL) MEQ] *WWEL"| EOR M7
TO CALCULATE L IN ENGLISH |UNITS:
2 PRESS GT0 “E" GTO“E"
3 PRESS Rls {ris] PERIOD?
4 ENTER PEROD T, PREsS RIS |T(sec) [Ris] DEPTH ?
s ENTER DEPTH D, PREss RIS ld (ft) [R)s] L{ft)
TJ0 CALCULATE L /N METRIC UNITS:
20 PRESS 61O "M’ GToO "M"
3a PRESS Rls LRIS] PERIOD?
4a ENTER PERIOD T, PRESS Rk|T(se¢) | LR/s] DEPTH 7
50 ENTER _DEPTH D, PREsS Rs|d(metrs [RIs] L{meters)
Example | and /a
7= 105ec , d= /oft (3.05m)
ENGLISH AND METRIC PRINTOUTS
ENGLISH
PERIND=
18,0000 L
DEPTH:
16,0008 “*r
LENGTH=
175.7738 "
METRIC
PERION=
10,8689 L4
DEPTH:
3.a568 e
LENGTH=
L6063 ae nott: ' =| CALPHA]
100R-41CV-2




Program Listing

STEP  KEY ENTRY

STEP  KEY ENTRY KEY CODE

COMMENTS

COMMENTS

A1eLBL “NRVEL"

82 "E R M

8 PROWPT

A4eLBL £

45 32,2

86 STG 6
A7 ENGLISH:
%98 PR

A9 610 61

19eL8L -
w1l “METRIC"
®12 PR

13 9.81

14 ST0 96

15eL8L 00
“# 16 "PERIOD="
*®17 PRG

18 “PERIOD?"

19 PRORPT
»”28 PRX

21 ST0 @7

22 Xt2

23 RCL 8%

M

252

2 7

27 P1

28 7

29 379 51
#30 "DEPTH="
%31 R

32 “DEPTHY"

32 PROMPT
R34 PRY

35 ENTER?

2

37

38 P

39+

48 ST0 05

41 RCL 91

424LBL ITERAT-

43 70 83

44 1/X

45 PCL #5

46 *

47 870 84

48 EtY

49 PCL 94

58 CHe

St E*X

5 -

53 PLL 94

54 £

55 RCL M4

56 CHS

¥ THESE STEPS MUST

9(5”9”5"’) - Rob

g(mml.C)é ROb

T Ron

Le=* Ra

2nd > Ros

Leid ™ Roa

L

57 EfX
58 +
59 7
66 RCL 61
61 *
62 RCL 83
63 +
64 2
85 /
66 STO 62
57 RCL 63
68 -
69 ABS
78 1
71 XY
72 610 85
73 RCL 82
74 GT0 “ITERAT®
75¢LBL 83
76 RCL 82
R 77 "LENGTH="
K78 pPRA
xR 79 PRX
29 ST0P
81 LEND.

tanh 224
' 2nd’
L -L,fanh(de,

!
L 1‘2 Loid 2,
€ (ercor ‘ance’

1§t or vr

Lin display

BE DELETED IF NO PRINTER

100R-41CV-3

{S AVRILABLE




Program Desceription

T0IR-41CV Calculation of Wave Parameters from Linear Theory
Program Titte (RPN Logic)

Name T.L. Walton, Jr. 1/82
Address Coastal Engineering Research Center
Kingman Building : v
C Stat Code
" Fort Belvoir, ale Virpinia ze 22060

Program Description, Equations, Variables, etc.

This program calculates the product of the wave number and depth, kd, the
ratio of group wave speed to wave celerity, n = 0.5 (1+2kd/sinh 2kd), the
group wave speed, Cg, the shoaling coefficient, Kg, the refraction coeffi-

Program input includes wave period, T, deepwater wave angle, oo, deepwater
wave height, H,, wave phase angle, 6, depth of water, d, at which results
are desired, and depth from surface, z, at which velocities are calculated.
This program assumes straight and parallel offshore bottom contours for
assumption of Snell's law of refraction. Algorithm uses English or metric
system of units.

REFERENCE

U.S. ARMY, CCGRPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER, S .ore
Protection Manual, 3d ed., Vol. I, Ch. 2, Stock No, 008-022-00113-1,
U.S. Government Printing Office, Vashington, D.C., 1977.

cient, Ky, horizontal orbital velocity, u, and vertical orbital velocity, w.

Operating Limits and Warnings

If printer is not used, R/S must be inserted where output values are desired
(i.e., where printer output steps are deleted).

101R-41CV-1
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User Instruetions

101R-41CV CALCULATION OF WAVE PARAMETERS FROM LINEAR THEORY (RPN LOGIQ) SiZE: o2/
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
) | LoAD PROGRAM (LINEAR) [Xeq] "LINEAR'| E oR 17
T0 COMPUTE IN ENGLISH UNITS:
2 PRESS 670 "E” 610"E" _
3 | PREss RIs [Ris] PERIOD?
4 | ENTER .PERIOD T, PRESs Rls |[T(se¢) | [RIS] DEPTH? |
s | ENTFR DEPTH D, PREsS R[S _ld(ft) | [RIs] AO7? '
| | ENTER WAVE ANGLE o, "
PRESS R/s oldeg)| [Rs] HO? |
7 | ENTER WAVE HEIGHT Wo, PRESS Bls Hoffe) [RIS] 27 !
8 | ENTER DEPTH w_SURF, 2, ’
PrESS RIS 2 (ge) | [RIs] PHASE?
9 | ENTER WAVE PHASE ANGLE O,
- PRESS RIS. Oldeg).| [RIs]
jo | READ _kd (wave number = depth) kd
/1 | READ n [mtio o{gmpmresyeed toluare ce/:r/‘ry) ”
12 | READ (g (group ware speedt) Cq(Ftfsec) ;
3 | READ Ks (shoaling cocffrcesnt) ks
/4| READ Kr (refrachin coeffocertd) kr :
READ H (wave_herght) H(fe.) '
Jo | READ i (horizontal orbrtal velocity) U (F/sec)
17 | READ W (vertical orbifal velodty) w(ft/sed
F
nott: “= CALPHA] .

101R-41CV-2



User Instruetions

SKZE:
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
TO COMPUTE N _METRIC UNITS:
2| PRESS GTD “pM” 0 "t"
SIEPS 3a -/70 ARE THE SAME A3
STEPS _3-17__ EXCEPT
MOUT__ Hy .2 in METERS
QUTPUT __ H (meters)
Cu, U W _IN_METERS JSEC
EXAMPLES | and [fa_:
T=8sec, d= SOF (1.249m), le<o =30°
Ho = 16F(5:9978m) , 2= "ISTt( ~45732m), &=60°
PRINTOUTS :
ENGL 5k WETRIC
PERIND= PERTOD=
. 8.6000  exx 8.0008  wer
HEFTHs o DEPTH=
. Sg, A0GR  xex 15,2448 wex
s 0, 4088 vas 8=
woe 29, 4A3Q e 38,7004 sen
i 18,8683  ers 5.4878  aae
o= &=
-15,6008 e -4.5732
oMasES [ . 4,5732 Lidd
ng, P3¢ 2, 68. 3eaa s
Yhs Kp=
L3 e 11608 exe
N= Nz
6,729 e 0.7362  eee
ce= ¢G=
24,628 are 2.5367  #es
¥se X3=
» 99128 wae 8.9183  xee
Fo= KR=
' 8,974 ere 8.9752 et
H= H=
16,6095 eex G3E e
[ I}=
N 2,437 e 6.5608  eor
s M=
1,615 mee LS w
| |
101R-41CV-3
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Program Listing
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY COMMENTS
T % ST0 (5 O Rs
B1eLBL “LINEAR" 57eLBL -MAIN®
92 E QR WO 58 ¥EQ 08
a3 PROWPT Z: 2
B4eLBL E *
95 32.2 . 61 ST0 11 9rd); - Ry
8 ST0 14 9(Eng/ish) = Riq 62 X£0 01
X867 “ENGLISH 67 1%
K88 PRA 64 RCL 1
89 GT0 83 5 s
106LBL “K* 66 1
®11 KETRIC 67 +
®12 pra 68 2
13 9.81 . 89 /
14310 14 3("?’7")”‘?"\ * 70 -N=- n—> R,
15eL8L 92 €71 pRR
16 -PERIOD?* £72 PRy
17 PROWPT 73 510 11 n-=R,
(8 PERIOD=" 74 RCL 04
19 FoR 75 .
&« 26 PRY 76 RCL 82
21 510 02 T 7
22 *BEFTHY Roz 28 (g Cg~> Rx
23 PRONPT X79 PRa
R4 “PEPTH=+ 99 PRX
225 PRA 81 /X
£ 26 PRX 82 RCL 62
27 71 93
2% s 84 RCL 14
29 2 35 =
3 « 36 4
3970 81 21d —» Ro) 87/
32 -Ap7" 8¢ P
37 PPOWPT 89 /
£ 2 -pp=- 90 SeR7 z
¥ 35 orR x5 Ke= T %% Ry
36 oRY £92 PoR 3
37 SIM . #93 PRy :
38 570 98 Sinal,-» Roo 94 ST0 11 Ks> Ry
39 0+ 95 RCL 60
48 PROWPT 9% RCL 81
:41 “Hp=" 97
42 PRR 98 RCL 63 .
€43 PRy © w9y Ko sind,
44 510 ag Hy—> Rog 108 PCL 89 .
45 191 / siNnK
46 PRONPT 102 xt2
L47 220 193 1
:48 PRA 104 « .
49 pox 195 CHS X
5 370 12 2> R, 196 122 cos
51 *PHASE"" 107 1
52 PROMPT 108 ENTERt
¥'S3 -PHASE=" 182 ROL 68
54 pep 110 x$2
55 PRY . 111 -

¥ DELETE THESE L/NES |E A PRINTER S NOT AVRILABLE  101R-41Cv-4
ALSO SEE ‘'OPERATING L/MITS AND WARNINGS * ON PAGE j0rR-4ICV= |,




Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
v — v w*ﬂ
112 = ® 168 “u="
113 SQRT ¥ 169 PRA
114 S4RT 176 PRX
115 ST0 1@ K-> R 171 RTH . .
¥116 KR=" 1720080 09 *kd "svbrouhrt.
#117 pra Ke - R 172 RCL 82 lines 112-218
2118 PRX 1724 %12
119 REL 08 175 ROL 14
128 RCL 19 176 »
121 ¢ 177 2
122 REL 11 178 ¢
123 » 179 P}
124 -Hae H-=»Ry 198 / .
# 125 pra 191 STG 83 Lo Roy
¥ 12 o 182¢L8L - TERAT
127 ROL 14 183 ST0 11 Lod = Ru
128 184 §/%
129 PeL 02 185 PLL 81
13 s 196
121 2 187 5§70 13 ZL_TL'd_ - Bis
122 - 188 XEQ 82 ot
132 ROL 4 189 ST0 6 cosh( Ris) > Roe
14 198 RCL 13
135 oCL 96 191 %0 A1
ES Wgr i Re 192 510 5 sinh ( Ris) 2 Res
137 § L VT 193 REL 8
138 PEL 91 4 L cosh i,—_—) 19 /
139 2 195 OCL ¥3
148 196 »
| 141 F1 197 BCL 1
; (42 - 19 +
| 143 oL 12 1% 2
144 208 ¢
s 2 281 ST w4 L'— Roq
145 + 282 #0L 11
147 Pt 263 -
149 284 ABS
149 PCL 04 265 |
158 206 X0
151 570 85 Z_Z_TE;E)-; Ros 207 610 25
152 XEO 82 z 268 RCL 94
157 RCL 48 209 610 ~ITERAT"
154 = 2106LBL 25
155 oL 15 211 ROL @1
156 s 212 RCL 04
157 = 213 +
o158 ter u >Ry 214 570 99 kd -» Req
¥1%9 o4 215 ¥p=r
£ 168 PoY £ 215 PoR kd-» Rx
161 PCL 95 ® 217 ey
162 ¥EQ & 218 PN )
163 PLL 8 219¢L8L 81 svbrouhne
z:st o 220 <T0 W7 sinh( ) lints
165 BCL 18 221 %Y -
156 <IN , 222 RCL 97 219-228
157 ¢ 233 oM

R DELETE THESE L/NES

ALSO SEE

IE A PRINTER /S NOT AVAILABLE, 101R-41CV-5

OPERATING LLMITS AND WARNINGS  ONPAGE (0IR-4)CVv~)
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Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP  KEY ENTRY KEY CODE COMMENTS

224 E1X
28 -
226 2
227 /

228 PN :
2290181 @2 subrowhine cosh( )

239 S0 97 lines a29-238
231 £
232 RCL 97
233 CHS
23 ErX
235 +

2% 2

237 /

238 -END-
239 .END.

W DELETE THESE LINES |F A PRINTER IS NOT AVAILABLE, 101R-41CV-6
ALSO SEE 'OPERATING LINITS AND WARNINGS’ ON PAGE 01R-4ICV- /.
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Program Deseription

102R-41CV Linear Wave Approximation to Breaking Wave Height and
Program Title Breaking Wave Angle (RPN Logic)

Name T.L. Walton, Jr. Date 1/82
Address Coastal Engigeerinp Research Center

. Kingman Building .

Cy Fort Belvoir, State Virginia ZipCode 55060

Program Description, Equations, Variables, etc.

This program calculatec breaking wave height, Hp, and breaking wave angle,
ap, using linear wave theory approximations combined with the shallow-water
breaking assumption. Input parameters are wave height, H, wave period, T,
wave angle, o, and the water depth, d, where the preceding three variables
are measured. An additional input parameter is nearshore beach slope, m.
The ratio of the breaking wave height to the water depth at breaking is pre-

dicted using the equation
k = Hp/dp = 1.16{ 7 ;"
= bp/dp = L. H(!)/Lo)

from Singamsetti and Wind (1980), where dy, is the water depth at breaking, Hé
the deepwater wave height, and L, the deepwater wavelength. This solution
requires the assumption of straight and parallel offshore bottom contours for|
the application of Snell's law of refraction. Input wave parameters H, T,
and a can be in any depth of water, d. Algorithm uses English or metric sys-
tem of units. The development of the equation is derived on the attached
solution sheet.

REFERENCES

SINGAMSETTI, S.R., and WIND, H.G., "Characteristics of Shoaling and Breaking
Periodic Waves Normally Incident to Plane Beaches of Constant Slope,"
Report No. M1371, Toegepast Onberzoek Waterstaat, July 1980.

U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER, Shore
Protection Manual, 3d ed., Vol. I, Ch. 2, Stock No. 008-022-00113-1,
U.S. Government Printing Office, Washington, D.C., 1977.

Operating Limits and Warnings

102R-41CV~1
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SOLUTION SHEET FOR PROGRAM 102R-41CV

Development of the equation:

From conservations of energy

2 Hy2
lg_ Cg cos a = 151—-cgi cos aj

where the subscript 1 indicates incident wave parameters.

(1)

If left-hand side of above equation represents conditions at breaking then

Cg = C = Cp = vgdp = vVgHp/«

Hp
where K = &y
0.22
Now assume k = 1,16 {
HE /Lo

where H} 1is unrefracted deepwater wave height.

Using (1), (2), (3), and (4) it can be found
1 2/5
Hp ={(§> /2 Hy? Cgi cos ai} /

From Snell's law of refraction

sin ap  sin ai
b  Cy

therefore,

(9

(2)

3

(4)

(5)

(6)

)]

102R-41CV-2




User Instruetions

NAVE HELGHT AND BREAKING WAVE ANGLE (RPN LOGIC) sze: 021
STEP INSTRUCTIONS INPUT FUNCTION OISPLAY
! | LOAD PROGRAM (ANGLE B) (xEQ) "ANGLEB] EorM?
70 (ALCULATE Hp ,ote IN ENGLISH UNITS:
2 PRESS &T0 “E" GT0"E"
3 | PREss Rls (Ris] SLOPE?
4 | ENTER SLOPE m, PRESS Rjs m  |CRIs] DEPTN?
5 | ENTER DEPTH D, PRESS R/s d[ft) |[Ris] ANGLE?
6 | ENTER ANGLE &, PRESS RIS «(dea-) | [RIS) H?
7 | ENTER WAVE HEIGHT, H, PRESSRI{ H(ft) | [R]S] PERIOD?
8 | ENTER WAVE PERIOD T, PRESSRIs| T/sec) | [Ris]
q | READ Kkd kat
10 | PRESS Rls, READ n [R]s] n
n_| PRESS RIs, READ Cq [Ris] Cq (ftfsec)
12 | PRESS Rls, READ Ks CRrIs] Ks
13 | PRESS RIS, READ Ho= HK, [RIs] H'[ee)
]9 | PRESS Rls, READ Hy, [RIs] Hp (f£)
Is_| PRESS Rls, READ % [R5 oAy (deq.)
T0 CALCULATE My, Ky IN METRIC|UNITS:
FOLLOW THE SAME INSTRUCTIONS As ABOVE EXCEPT:
PRESS _6T0 "M" AT STEP
IMPUT _Dand H /N METERS.
" Cq, Ho', Hy ARE OUTPUT IN [M/s,m,|Im respecnileLy.
nott: " = [APHA]
102R-41CV-3
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User Instruetions

. — e e e

SiZE: i
INSTRUCTIONS INPUT FUNCTION DISPLAY
EXAMPLE:
Imput m= 0.0, d= 50f¢ (15.24m)
X =30°, H= 181t (5.49878¢n) |
T=8sec . f
{
ENGLISH PRINTOUT: METRIC _PRIMIOUT: |
ENGLISH WETRIC !
SLIPE= sLOPE= |
8.1888  ser 81066  sxe '
PEFTHE S—— DERTH=
59, voee Lidd 15,2434 ’xn
aNGLE= -_—_— AHGLE=
0.6080  eon Wb s |
He i kK= ’
19,9688 = 5. 487% L1 ;
PERT(D= —_—_— PERIOD= ]
8.6008  wv» 20000 ses .
KD= S KJ= ‘
163 s LIGEE sy ]
K= —_— Nz
9,729 Py 8.7392 sy i
= £G= I
24,5245 “s 7.5%7 £ .
Kg= [ ;
4,9124 e R.91a7 hy |
HOKD= uy k= J
19,7284 [T1 — 6. 8295 5 |
Hp= HB= .
16,9087 ees T 5.185%  wm {
[1:5 AB= !
267858 s ————— 28,740 vre |
t
]
t
§
]
!
|
|
N @
102R-41CV—4 ;
)
'Y
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Program Listing

STEP KEY ENTRY KEY CODE COMMENTS SYEP KEY ENTRY KEY CODE COMMENTS
A1eLBL “ANGLER- 57/
82 °F OR 1 7 58 10 63 Lo Roy
B3 PROMPT S94LBL “ITERAT®
4oL £ 48 $T0 11 Log = Ru
85 32.2 61 1%
26 510 14 . 62 RCL 12
W97 ~ENGLISH" g(englsh) = Riq 53 »
& 4% P 64 ST0 13 Z__h‘g_ "’RIJ
49 619 41 65 XEQ 82 Lad
1ReLBL N 86 5T0 96 cosh (R,3)-> Ros
11 NETRICT 67 RCL 13
%12 #pg 4% XEQ 03 .
12 3,21 . 59 510 85 Sinh (Ru)-"?os
1 870 14 9(MemO=> Riq 78 RCL 96
150LBL Bi no
W16 ~SLOPE=" 72 ROL 03
%17 pRA r ]
13 *5L0PE™ [ 74 RIL 11
19 PROMPT 7.
%20 PRy %2
21 510 15 m- Ry o
%22 ~DEPTH=" 78 5T0 04
*23 PRR f 79 PCL 11
24 “DEPTH?" 88 -
25 PROMPT 8! ABS
R 2 PRY ! 82 1
27 570 @1 d >Ry [ 83 X7
28 9] 84 610 13
29 [ 85 RCL o4
2 - 96 570 - ITERAT-
[ I [ 82eLBL 13
2 ;2 md-Riz [ a2
[ %33 -anoLes 89 ROL 04
£34 pop % /
[ 35 “ANCLE™" ’91 ST0 89 kd = Roa
36 PRONPT 92 *KD=- :
[ 237 erx b %93 R0 > display
i 38 570 @ [ %94 PRX
[ 39 - 95 STOR
L ®a P [ 9% 2
ay wre 7 x
[ 42 PROMPY 9 570 11 2kd > Ry
43 PRY 99 ¥EQ €3
[ 4 sTo a8 H-» Roq F 108 1
245 -PERIOD=" 181 RCL 11
[ W pop 182 »
1 47 -PERIGDY 103 1
48 PROPPT 18¢ ¢
b 49 PRx R 105 2
9 570 82 T 196 7
i 51 v12 % 187 S0 91 n-» Ro;
52 oL 4 %108 N=- ~» display
53 %109 PR
542 X11g 09X
5 . 11§70
5 £ 112 oL M

X DELETE THESE STEPS

IF A PRINTER

22

IS NOT AVAILRBLE,

102R-41CV-5




Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
T3 » K169 “Hp= Hy in display
114 REL 82 t 2178 PR
1S 7 K171 PRX
116 $TQ ¢ CS"’ Ro4 172 STOP

E117 G > display 173 ROL 9
X118 PRA 174 1%
R119 PR 175 *
126 §T0P 175 SORT
121 1% 177 ROL 46
122 PCL A2 172 SIN
121 + 179 +
124 ROL 14 194 RCL 84
125 = 131 /
126 ¢ 182 PCL B
127 - 183 +
128 Pl 184 ASIN C
% %195 -ap=- o, In display
138 SORT 2196 PR
131 510 11 -» Ry 2137 PR
;132 X5z - display 188 SToP
133 PRA 129 #TH .
2134 PRX 1980LBL 83 sinh () svbravhne
125 STOP 191 ST0 87
136 RCL 98 192 €4
137 RCL 11 . 193 PCL 87
138 Ho in display 194 ¥
139 "HOKR=" 195 E*X
¥ 140 op0 196 -
141 PRX 197 2
142 ST0P 198 ¢
143 RCL 03 199 RTH .
ta s 2680L8L 82 cosh( ) svbrovhngt
145 SORT 291 ST0 &7
146 PCL 15 262 E*Y
147 / 263 RCL 97
148 1% 264 CHS
143 .22 F 205 £y
158 74X 206 +
151 1.16 t o2
152 « 208 /
153 REL 14 269 .END.
154 4
155 570 96
156 RCL 88 "
157 xe2
158 PCL M4
159 *
168 RCL 08
181 108
162 8
163 4
154 Y4X
165 PCL 86
166 .2
167 4y
168 »

¥ DELETE THESE STEFS

102R-41CV-6

IF A PRINTER IS NOT AVRILRBLE,
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Program Deseription

103R-41C Shallow-Water Wave Forecasting Equations (RPN Logic)

Program Title
Name T.L. Walton, Jr. oate 1/82
Coastal Engineering Research Center
Address . . .
Cu Kingman Juilding z
1y Fort Belvoir, Virginia P 22060

Program Description, Equations, Variables, etc. f
This algorithm computes the wave height, H, wave period, T, and minimum duraj ;
tion, t, from input values of the water depth, d, fetch length, F, and !
adjusted windspeed, Up, using equations (1), (2), and (3) of CETN-I-6. EquaJ /
tions (1) and (2) are for constant water depth and unlimited wind duration
and have been revised from equations (3-25) and (3-26) of the Shore Protec-

Wave height and period in this algorithm are significant wave !

tion Manual.
Algorithm uses English or metric system of units.

height and period.
REFERENCES

U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER, Shore
Protection Manual, 3d ed., Vols. I, IT, and III, Stock No. 008-022-00113-1,
U.S. Government Printing Office, Vashington, D.C., 1977, 1,262 pp.

U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER, "Method
for Determining Adjusted Windspeed, Up, for Wave Forecasting,” CETN-I-3,
Fort BRelvoir, Va., 1981,

U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCF CENTER, "Revised
Method for Wave Forecasting in Shallow Water," CETN-I-6, Fort Belvoir,
Va., 1981.

U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER, "Revised
Method for Wave Forecasting in Deep Water,'" CETN-I-7, Fort Belvoir, Va.,
1981,

Operating Limits and Warnings

If a printer is not used, R/S must be inserted where output values are
desired (i.e., where printer output steps are deleted). '

103R-41CV-1
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User Instruetions

103R-41CV SHALLOW WATER WAV: FORECASTING EQUATIONS (RPN LOGIC) SIZE: 021
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
! | LOAD PROGRAM (FOCAST) [XEGIFOCAST | EcR M7
TO (ALCULATE IN ENGLISH UNITS:
2 PRESS 670 “E” 610 “E"
3 | PreSs Ris. Lris] VAT
4 | ENTER Un, PRESS RIS Ua(mph)| [RIS] FETCH?
5 | ENTER FETCH F, PRESS KRis F(miles) [Ris] DEPTHM ?
¢ | ENTER DEPTH D, PRESS Ris d(ft) | [Ris]
7 | Reap H_ {wave height) H{FE)
6 | Read T (wave period) 7{sec)
9 | READ TIME IN HOVRS.(minimund duratidn) t(hours)
TO CALCULATE IN METRIC UNI
2a PRESS GTO “M"
3aT9a SAME AS STEPS 3-9 ABOVE EKCEPT
INPUL.__ Ua_(Kilomekrs [hr) a
F__{Kilomeyers) _and
ad_(meiers)
OUTPYT _ H _(meers)
mott: "= [apra)] 103R-41CV-2
103R-4]1CV-2
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User Instruetions

26

SIZE:
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
EYAMPLES | and la
I. ENGLISH UNITS, USING
Un=40mph , F=300mdlets
d= 20ft.
Ja.METR|C UNITS , USING
VUg= 64.91 Km/hr, F=483.12km
d= 6.1m
PRINTOUTS
ENGLISH UNITS: METRVC omiTh:
ENGL I WETRIC
ve= up=
40,5000 exe 54,4160 e
FETOMs FETCH:
WE ARG exe 83,1200 aes
bEPTR= DEPTH=
20,9008 s 6.1880  axx
He= W=
. IS5 3 1.3809 70, wes
5.507:§€Cr- - 5.6832 S8Css+
TINEs TINE=
1.7251hes,r- 3.7367rSaes
103R-41CV~3




Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
L]
ALeLEL “FOCRZT STRCL 85
22 <E 05 W o )
93 pRomeT 59 570 A1 92 Ror
YT 50 BLL 08
25 12,2 . 81 .75
9 370 59 9(5'79/'5"’)" Roq 62 X
87 1,47 : . 63 .53
88 70 &7 Enghsh _ﬁonverswn 66 = ors.
#9 5288 ) 7 . 65 XEO 93 :
1 370 4t English Conyersion 56 370 84 mh[‘sa(%g‘z) ]
#11 ENGLISH —Roi 67 REL ) A
®12 PRY 58 SRT ~> Ros
13 410 8t 59 80565
14181 % 74 «
RIS NETPIC: 71 RCL 04
K16 #R 7 X
17 9,81 , 73 %60 03 tanh [-°°—“—‘(-’f,) 1-,
18 79 @4 9(Metric) > Roq 74 RCL 84 Re LAY/ .
18 2778 . . Hox
28 3T W7 metric conversion 7% .203
21 1am0 =Ry | 7.
22 5T At retric Conyersion 78 RCL 88
- 23sLeL 9! - Ry 7%/
24 -ugne EH K=
25 PROWPT £31 oRA
® 2 “Yp=* Rz eex
® 27 PRR 23 RCL 99
28 eoy 2 378
29 370 63 Un=> Ros 35 Y4¥
10 -FETOH 86 .87
31 PROMST 87 x o
€32 “FETCH= 88 ¥EQ 43 ad\"
£33 oF0 89 370 44 tanh[0-833( 7 ;)
£34 07 %0 PIL @t A/
75 5T #S F-»Ros 91,333 -> Roa
% dEpTH 92 ¥a¥
7 BRONF 93 2379
%38 “DEPTHz" a4y
;39 pra 95 RCL 04 283
an PRy 9% £
a1 70 8 d- Roy 97 %E0 43 hnh[’i’i’i‘(g—,j J
42 BCL 87 9 REL A4 Roa \Ua
43 PCL #7 29 4
44 » 7,54
5T & converied Up~>Roy e
& PrL g9 102 BCL 8
47 ReL 97 193 ¢
48 212 184 ROL 97
4 - 195 /
58 310 @2 9fnt —* Roe w19t -t
51 ROy 8¢ AR107 PRA
520 p K192 PPY
57 479 0 199 RCL 49
56 POl 24 92 > Roo 118 «
55 BLL 1 1M1 oCL 87
56 » o
103R~41CV-4
¥ DELETE JF PRINTER /s, NOT AVRILABLE R-4ICY- ]

ALSO SEE ‘operahng Limi

27

'ts and Warrigs’ on p. 103




STEP  KEY ENTRY

COMMENTS

Program Listing

STEP

KEY ENTRY

KEY CODE

COMMENTS

122,33
114 1%
115 537
{16 »
117 RCL 87
18 +
119 ROL 89
128 ¢
121 3669
122 7
123 ~TINEs-
X124 Prp
»125 PRY
126 RIN
1276081 83
128 €70 62
129 9%
139 RCL 82
131 CHS
132 EX
133 -
134 RLL B2
135 £4%
136 0L 82
137 ©H8
138 £1X
} 139 +
148 +
141 LEND,

¥ DELETE IF PRINTER 1S NOT AVAILAGLE.
ALSO SEE ‘Operatng LimTs Gnd Warniags oN p. /03R-4)CV-).

28
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Program Desecription

104R-41CV Depth-Limited Design Breaking Wave Height at Structure
Program Title (RPN L og ic)

Name T.L. Walton, Jr. Oaste 1/82
Address Coastal Engineering Research Center

Kingman Building :
Ciy For% Belvoir, State Virginia ZpCode 59060

Program Description, Equations, Variables, etc.

This algorithm computes the depth-limited breaking wave height at a struc-
ture for design purposes. It can be used in lieu of Figure 7-4 of the Shore
Protection Manual. The equation for the curves in Figure 7-4 is not given
in the SPM but can be found by simultaneous solution of SPM equations (2-91),
(2-92), (2-93), (7-3), and (7-4). Input is wave period, T, and water depth
at the structure toe, dg. The development of the eqration is derived on the
attached solution sheet. Algorithm uses English or metric system of units.

REFERENCE
U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER, Shore

Protection Manual, 3d ed., Vols. I and II, Chs, 2 and 7, Stock No. 008-
022-00113-1, U.S. Government Printing Office, Washington, D.C., 1977.

Operating Limits and Warnings

104R-41CV-1
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SOLUTION SHEET FOR PROGRAM 104R-41CV

The following equations are given in the Shore Protection Manual:

% __ 1 (2-91)
H, b - (aH,/gT?)

a = 43.75(1 - e~1°M) (2-92)
b = 1.56
(1 + e~19.5m) (2-93)
Xp = Tpr = (4-0 - 9,25 m)Hb (7‘3)
dg
B = g " mrp (7-4)

Equation (7-4) can be rewritten in dimensionless form as:

. d
Hp = g

[(b - aﬁb)‘l - mtp]

where

~

Hp

Hp/gT? and dg = dg/gT?
The above equation can then be solved via the quadratic formula for ﬁb in terms

of ds, 1p, m, a, and b where the positive root provides useful results.

A - ~ ~ -1 -
iy = {(mepb - adg - 1) + [(mrpb-adg-1)2 + 4amr, bdg]'/2). (2amtp) !

This is the equation used in the program for design breaking wave height.

104R-41CV-2
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User Instruections

104R-41CV DEPTH-LIMITED DESIGN BREAKING
WAVE HEIGHT AT STRUCTURE (RPN LOGIC) SEZE: 02)
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
! | LOAD PROGRAM (HB) [XEQ] “HB" |EoR M7
TO CALLYLATE My IN ENGLISH ynITS):
2 PRESS GT0 "E” GTO "g”
3 | press Rls LCRrIs) SLOPE?
4 | ENTER swpPe m, PRESS Rls m [RIs] DEPTH?
5 | ENTER DEPTH D, PRESS RIS affet) | [r)s] PERIOD?
b ENTER PERIoD 7, PRESS KRIs T(sec) | [ris]
7 READ Hp IN FEET Hp (f€)
70 CALCULATE Hy IN METRIC UNITS:
2a. PRESS 670 “M* GTO "M"
30. PRESS Rls L[rIS] SLOPE?
40.{ ENTER SWPE m, PREsS Ris m L RIS] DEPTH?
5| ENTER DeEPrH D, PREsS Ris d{mehrs) [RIS] PERIOD?
6o.| ENTER PERIoD T, PRESS RIs |T(sec) | [RIs]
7| READ Hp IN METERS Hp(meters)
Examplt | and /o
m= 0.10 , d= J10ft (3.05m), -T= 1dsec.
_ENGLISH PRINTOUT: __METRIC RINTOUTS
ENGLISK —— wETES
SLOPE= ] sLgets
2.1 iwe L [— [0 0
1EETHs DEFTH:
th. ARy e —— 30508 wes
PESTn= PES: T2
19, Ag0n L4 —_ 1@, 4908 o
Gz
(7,501 e COBRETY e
A
) 1 L note: = INPHA]
104R~41CV-3
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Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
57 1
BLeLsL ~HB- ol
92 °E OR N 7* A
03 PRONPY #1
MeLBL € o o
%2 sh)-> 52 570 94
86 STO 89 9(5”9”9’) 08 T
%67 “ENGLISH" & feL
€ 52 PRA 65 9.25
99 10 A1 &
16eL6L N~ el
€ 11 WETRIC e
w12 PR 69 CHS
1388 (Metric) = Rog 78 RCL #0
14 510 98 9 ne -
Sl M 72 310 85 mJp=m(4-9.25m,
16 50" IR A
*£17 PR e
13 ~SLOPE?" o
19 oROMPT Bt
w29 PRY A
21 370 48 m= Roo e
:32 “DEPTH=" s ,\
22 P8R e )
4 “DEPTHY" a1 510 9% mJPb‘ads |
35 PROWPT AL Iy
& 26 PRX o7 4
I ds=> Ron 24 RoL 83
® 2 -PERIOD=" ur
® 2o 86 PCL 94
1 -PEPIODO ol
el 88 RCL 95
| 72 PRX .
a0 M T Req g: oL o1
T VCE 01 .
7 R0l 98 n
x> 97 SeRT
ot % RCL 96
18 REL 47 o
i % 2
4 510 01 ds_— Rq, %2
GlLw g7 9 ReL 03
@1 ne
a. 109 RCL 85
a4 CHS iy
o 182 RCL 1
o £us 162 &
vl 194 RCL 67
P 195 » .
@ a7 ") an 196 “Hg=- hy indisplay
b - > 3
€) 5T @ 4375(1- ¢ 03 ::g; o
2o 189 STOP
bt 116 .END,
54 s
< 0 . )
% £ J t t

101R-41CV-4
# THESE STEPS MvST BE DELETED IF NO PRINTER IS AVAILABLE
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Program Description

Program Tile 105R-41CV Wave Transmission - Fuchs' Equation (RPN Logic)

Name T.L. Walton, Jr. Date 1/82
Address Coastal Engineering Research Center

_ Kingman Building s Zip Code
Cay Fort Belvoir, %' virginia M 22060

Program Description, Equations, Variables, etc.
This algorithm computes wavelength, L, in water depth, d, given the wave
period, T. The program then computes wave transmission over a thin verti-

cal barrier in water depth, d, using Fuchs' equation:

47h 47h

Ht _ L + sinh L
Hy " 4nd 4nd
I + sinh I

where H¢ is the transmitted wave height, Hj the incident wave height, and
h the height of barrier. Note that this equation cannot be used when wave
transmission is by overtopping of a structure. Algorithm uses English or

metric system of units.

REFERENCE

U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER, Shore
Protection Manual, 3d ed., Vol. II, Ch. 7, Stock No. 008-022-00113-1,
U.S. Government Printing Office, Washington, D.C., 1977, p. 7-62.

Operating Limits and Warnings

105R-41CV-1
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User Instruetions

105R-41CV WAVE TRANSMISSION - FUCHS' EQUATION (RPN logic) SZE: H21

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

LOAD PROGRAM (FuCH) el “Fuckh”

70 CALCULATE IN ENGLISH UNITS:

2 | PRESS 61O “E” GTo0"E”

3| press Rls [’is] DEPTH?

4 ENTER DePTH D, PRESS Rls g (fe) | [rS) SiL HT?

5 | ENTER SiLL HEIGHT H, PRESSIRs hfs) LRIs] PERIOD?

& | ENTER Perioo T,PRESS R/s | T(seo) | [RIs]

7| READ Kke= M/H¢ (TRANSMISS) Ke
COEEEICIENT)

T0 CALCULATE [N METRIC UNTI:

PRESS GTO "M" Gro "M

STEPS 3a-la ARE THE SAME|AS STEPS 3-7 ABOvE EXCERT :
IMPUT__d, h, IN METERS ' |

ouTPuT L ( PRINTER ONLY) METERS

Example [ and /a :

Values used: d=1 .$73km), ht 10f¢(3.0988m) , T= /03¢
PRINTOUTS : i
1
EMGLISH r— WETRIC 3
DEPTH= DEPTH: )
15.0000 w0 ————m 0572 e i
SIL HIz | SIL W=
10.0008 s — 3.0489 see .
vERTOD= ‘ PEPIOB= |
16,0008 et 16,0080 res i '
) n023 e TRT- R !
¥T= | KTz | !
0.5977  ana 8.5977  wns :
no*c.' " - ERLPHA] ] 1 ;
105R=41CV-2 ‘
|
'l
|
34 !
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Program Listing

Y ENTAY KEY CODE COMMENTS
STEP KEY ENTRY KEY COOE COMMENTS STEP = :‘Ey '
l 58 PCL 04
ALeLBL “FUH" 3
L A %6 £F%
a3 pROWPT o
aelpL £ oy o (Z”d )
e ’ 63 RCL 81 <.
8 ST0 8 g(Engl:sh)"’ Rew G Tt
[ 207 “ENGLISKH" L o
® 09 PRA e
' 39 GT0 a1 6 »
18eLBL n &2 '
[ XLy e 4% 570 82 L' R
iz e Row 78 9L 0
13 9.81 > e
14 §T0 8% g(Metric) i
1SeLBL A1 2
A 74 W)Y?
17 PRONPT o
¥18 *DEPTH=" pan s
%0 ooe : 77 GT0 1TERAT-
R 780LBL 13
e 79 RCL 82
%« oo
ay ] ®31 PRA
- PRY
25 §T0 04 j.‘ﬂrd-v Roo !gg PR
26 *$iL HTY* Bix
27 pROwPT ) e
®28 5L Wiz ] ol
®29 R0 ) %2
e 1h=Res 88 ST0 86 Imdfy > Ros
31§70 98 - 3 o %
x 'PEP;E!W' 1 98 RCL 6
37 PROM; ol .
o poeptage ] % sth 87 Rog * 5110 (Rog) = Ro,
RS PRA ) s .
pE ) 3 ENTER?
37 w42 ] o
38 RCL 94 ] me
v ] 97 RCL 98
' 92 ) nE
| e ] . e
100
| Qv 1 Lo=> Rav 101 510 89 Ph - Ryq
| i e;rmr ] 162 YEQ 43
' s ) 93 AIL 89
? 4 ST0 83 ] Lota = Ros :0‘3 -
| o 1 L 185 ReL @7
i 48 PrL 60 ] [ e
| @ 1 ZP = Roq b 107 oS
S0 ST0 9 1=, e
St EX 1 ) . ;
LIt ] :w SORT Hefy = Ke In display
" r 111 K72+
Eao j R112 PR
e #1137 ey
S6 POL 24

¥ THESE LINES MVUST BE PELETE

35
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Program Listing f
STEP  XEY ENTRY KEY CODE ) COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS "

114 PTH )
HISOLEL 83 ]
116 ST0 4 )
17 EfX ]
118 RCL 45

119 £HS

128 EfX

121 -

122 2

123 /

12¢ .END,

_ 105R-41CV-4
K THESE LINES MUST BE DELETED I/F A PRINTER IS NOT AVRILREGLE,

36
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APPENDIX

BLANK PROGRAM FORMS

DR S

|
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Program Deseription

Program Title

Name Date
Address
City State Zip Code

Program Description, Equations, Variables, etc.

Operating Limits and Warnings
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Program Listing

STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
501
I A ] - -
] 060
10
[o2{1
020
080
w0
090
040
100
750

10

40




STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
70
]
120
180
130
50 N
140
200
150
210
160
220
4|
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