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PREFACE

This report was prepared and published with funds provided by the Office,
Chief of Engineers (OCE), through the Littoral Data Collection Methods and
Engineering Application Research Work Unit of the Shore Protection and
Restoration research program. Ms. Julie L. Dean, Civil Engineer, and Dr. Todd
L. Walton, Research Hydraulic Engineer, Coastal Structures and Evaluation
Branch, Coastal Engineering Research Center (CERC), prepared the report. The
authors gratefully acknowledge the assistance of Messrs. Orson P. Smith and
Robert B. Lund of the Coastal Design Branch, CERC, for their review of the report.

This report was prepared under general supervision of Dr. Robert W.
Whalin, Chief, CERC, Dr. Fred E. Camfield, Acting Chief, Engineering Develop-

ment Division, and Mr. Thomas Richardson, Chief, Coastal Structures and Evalua-

tion Branch. During report review and publication, Dr. William L. Wood was
Chief, Engineering Development Division.
E Commanders and Directors of the US Army Engineer Waterways Experiment

b Station during the preparation and publication of this report were COL Tilford

v C. Creel, CE, and COL Robert C. Lee, CE. Mr. F. R. Brown was Technical

. .

i Director.
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HANDHELD CALCULATOR ALGORITHMS FOR COASTAL ENGINEERING

PART I: INTRODUCTION

1. The advent of the handheld programmable calculator has led to the
development of numerous programs in various fields of engineering and science.
Coastal engineering is no exception. This report contains three programs, two
of which compute breaking and non-breaking forces and moments on vertical face
structures. The third program computes a non-breaking pressure distribution
on vertical face structures. The reference to the programs is the Shore Pro-

tection Manual (SPM 1984).

2. The three programs presented herein are versions of Reverse Polish
Notation (RPN) logic suitable for use on HP-41CV programmable calculators with
or without accessory printer. Each program is documented, assumptions are
briefly described, and references to more detailed presentations of the theory
are given.

3. Each of the RPN programs incorporates HP-41 compatible print routines
which print and label all input and output parameters. The user has only 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 recom-

mended. The print steps do not need to be deleted if a printer is unavailable.
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PART II: DEFINITION SKETCH AND PROGRAMS

“ s e
. v
Pl

4. Three programs (108, 109, 110) are presented in this report. Pro-

.
s
Ao a an g

gram 108 calculates the breaking wave force on and moment about the base of

1

vertical face structures using Minikin's method. Program 109 computes the
non-breaking wave force on and the overturning moment at the base of a vertical
face structure using both the Miche-Rundgren and Sainflou equations. Pro-

gram 110 calculates the non-breaking pressure distribution when either the wave
crest or the wave trough is at the structure using the Miche-Rundgren and/or
Sainflou equations.

5. Each program allows either US customary or metric input and output.
Program listings are annotated, making it possible to follow the logic of the
algorithm and to make modifications if desired.

6. There are undoubtedly many other calculator programs that have been
developed on coastal engineering subjects. Practicing engineers 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. Program authors will be given appropriate credit in these reports
and will be included in the report review process. Comments, programs, or
suggestions for programs should be sent to:

Commander and Director
US Army Engineer Waterways Experiment Station
Coastal Engineering Research Center
ATTN: Coastal Structures and Evaluation Branch
PO Box 631
Vicksburg, Mississippi 39180-0631
7. These and future programs will generally correspond to the following

numbering scheme:

Miscellaneous 0-99

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

8. 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 Appendix A.
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Definition Sketch of Input Values*
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Program Desecription

T08R-4TCV  Breaking Wave Forces and Moments on Vertical Face Structures -

Program Title Minikin's Method (RPN Logic)
Name Julie Dean Date 8/83
J. S. Army Engineer Waterways Experiment Station
Address Coastal Engineering Research Center
City P. 0. Box 631 State Mississippi Zip Code 39180-0631

Vicksburg

Program Description, Equations, Variables, etc.

This program calculates the breaking wave force on and moment about the base of
vertical face structures using Minikin's Method (Shore Protection Manual, 1984). Input
values are the water depth at the structure, dg, the height of the structure, b, the
unit weight of water, Xw, the wave period, T, and the nearshore bottom slope, m. If
the structure is founded on a rubble base, the program will ask for the water depth D
at the toe of the foundation; if no substructure is present, a water depth D will be
calculated at a distance one wavelength seaward of the structure. If the top of the
structure is lower than the crest of the design breaker, reduced forces and moments will
be calculated.

The wavelength used in the program is calculated using an explicit formula (Nielsen,
1982). The breaker height H, is calculated using equations (2-92), (2-93), (2-94),
(7-3), and (7-4) of the Shore Protection Manual (see program 104R-41CV, CETA 82-4). For
a nearshore bottom slope of zero, breaker height is given by H, = 0.78dg.

The algorithms use either the U. S. Customary or Metric system of units.

REFERENCES

Nielsen, P., "Explicit Formulae for Practical Wave Calculations,'" Coastal Engineering,
p. 389-398, 1982.

U. S. Army, Corps of Engineers, Coastal Engineering Research Center, Shore Protection
Manual, Chapters 2 and 7 (1984).

Walton, T. L., "Hand-Held Calculator Algorithms for Coastal Engineering (Second Series),"
Coastal Engineering Technical Aid No. 82-4, U. S. Army Corps of Engineers, November
1982.

Operating Limits and Warnings
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User Instrucetions

----

108R-41CV :?g?ii:cng?ESDFORcuS AND MOMENTS ON VERTICAL FACE STRUCTURES$ SIZE: 67/9
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
| |.0AD PROGRAM (BWF) XEQ] ‘BWF" |EOR M 7?
2 |CHOOSE U.S. CUSTOMARY OR METRK
UNITS year M, [RIs]| s ?
3 |ENTER DEPTH AT TOE OF
WALL ds [fet or mettrs) s [R}s] b?
4 |FNTER WALL HE/IGHT, b
(fet or metrs) b [R/s] UNIT WIZ
5 |ENTER UNIT WEIEHT OF
WATER [ 10/g43 or Ki/m3) Yoarer| [RIs] 7?
0 |ENTER WAVE PERIOD [sec.) T [R/s] SLOPE 7
7 |ENTER NEARSHORE SLOPE | m [R/s]  |RuBBLE FDA
8 |ANSWER YES OR NO 710
RUBBLE FOUNDARTION OPT70N Yor M _[R]s]
- JF YES, INPUT DEPTH
AT TDE OF SUBSTRUCTURE
(feet or meters) D [RIs]
-/F _NO, DEPTH D 15 (ALCU-
LATED /N _PROGRAM
9 \gRenp _Force [ ' /ey or Km ) oRcE ="
READ _MOMENT [f-b/gs or "7-'7»;) "MOMENT= "

JORR-410V-2
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User Instruetions

SIZE:

STEP

INSTRUCTIONS

INPUT

FUNCTION

DISPLAY

EXAMPLE PROBLEM:

ds= 75ft. = 2.2806m

be JOf = 3048m

Y= ¢4 1blpy3 = 1025.18 KG)m?

T= & stC

m= 0.05

OEaING WHYE €I T

we peee i PECVING 4
ST METYIC 1T

"oz
T, Sder %3

2,218

&=
12 wvea 32
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CRECVING goys crply

$xy

E2 Y

ES 3

ta

E2 )

Note +hat the moment cad-

cudared whena rubble FHun-

Adatror) exIsts 15 “he Wwinmnent

at the base of +heé toumda -

trom (Pont A, not tHe base

of the Shructure (point B).

The moment at pont B Can

e Caltulared:

M=Ha-bF"

where,

b'= hejght of ruvkle fovndatpom

F "= reduced forcé on wal/

See Definihon Sketch
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User Instructions

SIZE:
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
RON-TUEGY 1] WAVE FILE WiN-BPE IV THG WHvs FOECT:
EXAMPLE PROBLEM: S CErer e
olepth= 1) = 3.098m o o
Ao preTuU:
T= ¢ séc. 14, 8Rus (31} sz 223
PECTRT: TIE
A= /0 B, A srs LIL L
2 Hay s WOVE HT.:
- b = ** L5244 ¥
T = &4 "ol = 1025184 K9 CTTCRT IO | ' PECLESTIMK goe::; '
#r1 1.oven  tas
T g, 8T R(T KT, WQTER:
Choose,: hid 1#25. 1562 aea
iow wall peght ophon N
wall ht.= W= 3048m e it s e
ruvyle fndaho gphon
rubblc ht = 5’=’ /524/)7 R 1y, Al 14 e 2. pevi £y
£osit g oupers wrz
b AU pee 1S T
Ecad v
Force_in /gy o 9fm -
Homment in " Fg o X9y,
SGM-”OLL ‘Weory QII\/€S e caTNEL M coTRELD!
2.7 Pr=l 4R, 2352 Pr=7.671,4595
values Pf(dICﬂ’d by c»r:f,;nn pT=R7, 3952
. w=17, 20,5087 227,807,031
SPM_Figures 790 7-9/, 7-92.  wi-is.7en T=145.8574
Noke that the moment Calcudated
when @ rubble pundation Ly sts)
/s the mement At the base of
the unalahon, not _at vhe vasc
Of the shucurt.
The nmement _at the heof the shucture can be umd fom
Mice ot sorvcnire™ Moese of gt ~ bF’
where b’ heignt of rubble hvndazion
| |and  F': reduced force on walt. See Fig. 7-98 (spH) or Definition Sketch. |

22
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User Instruetions

SIZE:
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
12 |READ MiC HE- RUNDGREN * HICHE-R
FORCE wiTH (REST AT whitL (M o ¥9n) R = |
FORCE_wiTH TRovGH AT waLL (“a"m) R[S B~ I
MOMENT WiTH CREST AT WALL (¥ o *9Pn) K]S Me =
MOMENT wiTH TRovGH AT wALL (*Fiy « X0 g[S M=
13 |rReap sANFLov® R[S SRINELOU
FORCE _wiTH CREST AT wALL ("> *m) -
FORCE wiTH TROVGH AT weie (Mg *Im) R[S Pes :
MOMENT wiTH CREsST AT wael (“Hf k7)) R[S M= :
MOMENT witH _TRoVGH AT waLe (PPl ki) R[S My - .Jl
—
*'/'.he, soluhon _fﬂ'w}ﬁ lower values J
of force_and _moment s the Solutzon o
Hat corresponids to SPM Fragu ks 4
791, 7-92.4-93, 794, ant_7-95 o
Nox : )
SPM_Figure 7-90_plots +ht -
Miche- Rundgren theory for large ‘
values of Heforr;, but as Hefore .
approachts z¢ro, the curves are S
consmned 10 pass through ™[u;=10
For small values of HilgT*, +he 1
Prqgmmé Y% and Y may not o
Covrespord 1o the  Shore Prokchon .j
.
O9R-41CV-8 :.'.q
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User Instruetions

109R-41CV - Non<Kreaking Wave Forces and Moments on Vertical-Face

Structures - Miche-Rundgren and Sainflou Equations size: )58
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
I |\BEG/N PROGRAM XeQ] "NBWE" |EorM7
2 |CHOOSE U.S. CUSTOMARY OR
METRIC UNITS S or M [gs] | DEPTH?
3 |ENTER DEPTH ( feet or metrs) o [RIs] PERIOD?
4 |ENTER WAVE PERIOD (seconds) | T LRJs] WRVE HT?
5 | ENTER WAVE HEIGHT [fet wrmerrs)| He [RIs] REFLEC. CoEFf?
b |ENTER REFLECTION COEFFICENT | X [RIs] UNIT WI. 7
7 1ENTER UNIT WT. 0F WATER
(blgy3 or  K9[m?) v [R]s)
8 READ  MrcuEe - RUNDGREN
Height of crest above bottom Ye-MR=
Heght of trough above bottom qT-MK =
READ SHINFLOW |
Height of Crest above bottorn YC-SF=
Hight of trough above borom YT-5F=
LOW WALL HT)?
9 | CHOOSE LOW WALL HT. OPTION Yor N, [RIs]
IF YES WALL HT.7
ENTER _WALL HEIGHT (fterm)| b [RIs] RUBBLE FDN7
10 | CHOOSE RUBBLE FOUNDATION 0PTION Yor N, [Ks])
IF YES UBRALE HT7
ENTER HEIGHT OF RUBRBLE
FoyNDATION (ftet or mettrs) b [Rls]
(comhnued on next page)
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REDUCTION FACTORS

Flow wall = Tf T
Frubble = Fr ~7¢ * Fqp

Flow wall & rubble -

Where r =E(2——)
Yy

-4

Miow wall = T * Mp LJ
M =M, -r' :
rubble - M1 T Tm  Mp 5
M = - ' . M '..n
low wall & rubble - 'm ~ M = Tn T %
2 -

Where ro=(2 3 - 21)-) 4

m o \y y .

A 1] <
6 ) :
m y y -

19
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fiche-Rundgren:

Y(K) = Y+ H (14X)-F1/2 + (n-HizoFl-F2/4-L)((1+1)2-F5+(1—x)2-F6)

Y (K) = Y_(K) = (14))H Fl

Pl

=Y - H (190-F4/2 ~(ne0 2 -F3/4-1) (1902 F7+(1-0 2 F8 )

PC(K) =)'-P1 © . +« « s 4« « 4 e 4« 4« 4+ s « « . .crest interval pressure ’
K
Pt(K) = PC(K) + )’-Hi (1+xX)-F4 . . . . . . . . . . trough interval pressure E
MC(K) = PC(K)-(YC(K)+d) « ¢+ « o s s+ + s+ o +« « + . crest interval moment i
l
4
Mt(K) = Pt(K)-(Yt(K)+d) e « 4+ + « « + « « « « « o trough interval moment v
9
Sainflou: ;
R
9 "
Y (K =Y + H.-Fl + m<H,°-F1-F2/L (|
C o i 1 'J
R
= - . . E
Yt(K) YC(K) 2 Hi Fl ]
Pl = -Y - H'F4 \.

o

Pc K) =¥Pl . .. ... .. ...+ ......crest interval pressure
Pt(K) = (H-FA—YO)-X &« « « = « « « « « + « « .« . .trough interval pressure
MC (K) = PC(K) (YC (K)y+d) « « .« « . . «. + . . . . crest interval moment

Mt(K) = Pr(K) (Yt(K)+d) ©+ = « + « 4« « + « « « « o trough interval moment

3\ RN  STRARARY,
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e

Gt

Fterm

Cl

Sl

Tl

F5

Fé6

Dd

c2

S2

C3

S3

C4

S4

Fl

F2

F3

F4

F7

F8

T T T T T A T T T T T T P TP e O Y e P ey

EQUATIONS USED

()" 2
T g

Gt + (1 + 0.6522Gt + 0.4622Gt% + 0.0864Gt>

+ 0.06756t%) 7!

T(G'd/Fterm)li

a/L

cosh (278

sinh (27d)

tanh (2nd)

1+ 3/4(s1)° - 1/4(c1)?
3/4(s1)? + 1/4(c)?
number of intervals
d/N

Yo/L

cosh (2m(A+E))

sinh (2m(A+E))

cosh (2n(28+E))
sinh (27(20+E))
cosh (27E)

sinh (27E)

s2/sl

c2/s1

s4/(s1)?

S4/(s1) (Cl)

(1 - 1/4¢cD)?) c3 - 2-11-53 + 0.75(ca/ (s)? - 2-c2/cC1)

c3/4 (c1)? - 2.T1-53 + 0.75(ca/(s1)? - 2-c2/c1)

109R-41CV-4
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’ DISPLAY MICHE-R {SRINRAY
HE!GHT OF CREST , Ye
HE|GHT OF TROVGH, Ye
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. VARIABLES

SET COUNTER
L=0

|

COMPUTE:
Miche- Rundqreh
o Pressure Dist.
. ‘hflok
. Samérfessurc Dist.

a

- Lt e e e e,
A DA P PP AR
PR L e Lt g .
-t PP T T P alat ettt e T

R
L L
)
]
RS
.

'
USE SIMPSONS RULE
3 inKgrare over depth

j next page

109R-41CV

’
. -“_.\
=5
~9
S
<&,
- .~
-\\-
.“\.
--‘,.4
«
e
-
S

)
-
."-*
'..'_'
. ’-.\
.‘“_1
-~

|
=1
W
=
\_." »,
- '.—

15

T
P

e
A .J:J

..................................................
--------------------------




p‘l'
R

DeChERON
'

i

NN e |

AT
S

s e

e

L 4
. :.v_lK .

vy

e

(] i) .
‘e ....

F
:
L

VR VYN T W T T TN Cer S TR VT A

Program Description

M AR

109R-41CV Non-Breaking Wave Forces and Moments on Vertical-Face Structures -

Program Title Miche-Rundgren and Sainflou Equations (RPN Logic)
Name  Julie Dean Date 6/83
U. S. Army Engineer Waterwazs Experiment Station
Address Coastal Engineering Research Center
Ciy P. 0. Box 631 State Mississippi Zip Code 39180-0631

Vicksburg

Program Description, Equations, Variables, etc.

This program computes the non-breaking wave force and overturning moment at the base
of vertical face structures (including the hydrostatic components) given the reflection
coefficient, X, depth of water, d, wave period, T, incident wave height, H;j, and
unit weight of water, w+ The force and moment are calculated using both the Miche-
Rundgren and Sainflou equations; the Miche-Rundgren theory is more accurate for steeper
waves, while the theory of Sainflou gives better results for long, low-steepness waves.
The program can be used in lieu of figures 7-90, 7-91, 7-92, 7-93, 7-94, and 7-95 in the
Shore Protection Manual (SPM); see also CETN I-21, 12/82.

The program outputs the wave forces and moments at the wall for crest and trough for
both the Miche-Rundgren and Sainflou cases with the option of calculating the reduced
force and moment due to a low height wall and/or a rubble foundation. The solution with
the lower values of force and moment is the solution as given by SPM figures 7-90, 7-91,
7-92, 7-93, 7-94, and 7-95. If a rubble foundation exists, the moment calculated is the
moment at the base of the foundation, i.e. sea bottom, not at the base of the structure.
The algorithm uses either U. S. Customary or Metric system of units.

REFERENCES

Hughes, S. A., August 1982, Basic Program: "WAVEFOR", available from Coastal Engineering
Research Center, U. S. Army Engineer Waterways Experiment Station, Vicksburg, Miss.
39180-0631.

U. S. Army Corps of Engineers, Coastal Engineering Research Center, CETN-I-21, 12/82.

U. S. Army Corps of Engineers, Coastal Engineering Research Center, Shore Protection
Manual, Chapter 7, (1984).
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KEY ENTRY KEY CODE

COMMENTS

LWL ST TRETRATM Y T w e - e e e W T W T T W W T TN T

STEP

T w -

KEY ENTRY

KEY CODE

COMMENTS

749 RCL 19
Ty RCL 18
a7«

343

349 RCL 1T
9 s

351 RCL 12
322
353/

34 RCL 0!
S ¢

35 3

357 /

358 RCL 16
359 s

360 +

361 “MOMENT="
362 ARCL X
363 TONE 9
364 AVIEN
365 3T0P
366 GTD @)

3670LBL 83
368 PRA
369 PRX
378 RTN
371 LEND.

*Moment="
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23 7 0% -
233 510 1 a2k s 209 RCL 13
2% 70 83 209 3.9
2350L3L 96 291 Y%
N 236 /0L 13 292 4.9
237 9.5 293 ¢
238 X0)Y 294 i3
g 229 x¢y? x <057 295 1
ol 249 CT6 87 296 +
- 241 RCL 13 297 14X
242 3.8 298 #
243 Y1x 299 510 15 a->R;5
44 ¢ 303eLBL A2
25 s 301 RCL 12
xS 245 RCL 13 02 2
SR 247 W2 03 -
e 245 12 394 RCL 81
249 s 365 +
_— 259 - 3086 X12
S 251 RCL 13 367 RCL 03
S 252 12 308 2.
S 253 + . 389 /
254 + [ 310 »
255 1 311 ST0 16 Rs— R,
® 256 - 312 RCL Bt
L - 257 ST0 14 Tm=>Ryq 313 ROL 45
oo 258 RCL 13 314 +
- 259 8.75 315 RCL o1
; %9 + 36+
261 9.25 317 RCL 85
%2 - 318 /
23 RCL 12 319 ROL 12
264+ 320 ¢
S 265 ST) 15 a~>Ris 321 RCL 86 ;
D 266 G0 08 322/ .
267+L8L 87 323 RCL 03 g
268 RCL 12 324 2 r
L 269 3.9 325 101 .
S 279 Yo% 3% » :
271 4 27 ROL 12 i
272 s 328+ .
= 273 510 14 rm=>Ryq 329 3 :
Ry 274 ROL 13 330 / !
275 3.9 1§10 17 d :
A 275 y¥ 332 ROL 14 N
277 2 333 s
;] 278 + 334 RCL 16
A 79 RCL 12 335 + : )
268 » 3% °FORCE=" -
T 281 ROL 13 337 ARCL X Force
282 4.9 338 TONE 8
57 Yo 339 AVIEM
224 RCL 12 349 RCL @1
® 205 ¢ 341 RCL 14
- 286 1.8 2.
, 297 o 347 RCL 15
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Ny 18/ 178 -
2 119 RCL 85 17 CH3
5 129 - 177 KL 13
ﬂ 121 RCL 9t 179+ :
s 122 RCL 9o 179 510 19 =m(4-9.25m
W =m
123 - 128 ROL @9 mp =l R )
124 SORT 191 # > o
125 192 1
12 2 127 -
127 « 124 RCL 97
129 pt 185 RCL 0%
129 196 *
138 PCL B4 167 - P
n 188 ST0 11 mTb-ad,~1 =K,
132 ST0 26 Lp—> Ros 189 X12
137 ROL 16 199 4
124 Ya0> 191 REL 88
135 610 18 Lo 192 +
f 13 RCL 81 if m=0 193 REL €9
1 137 0.78 “b= 0.78d3 194
& 132 + 195 RCL 19
a 129 470 11 19 *
% 1480LBL 19 197 RCL €7
141 REL 84 199
- 142 X2 199 4
[! 143 RCL 99 208 SQRT
( 146 + 201 ROL 11
q 145 1% 207 +
N 6 RIL B _ 203 2
X 147 + ds Ry 284 /
142 ST0 97 97 265 RCL 03
149 RCL 18 205 /
158 19 267 RCL 19
{ 151 262 ¢
[ 152 oM 209 ROL 7
- 153 E4x 219 /
2 154 (42 211 RCL 01
[~ 155 1 A2
~ 156 + 230LEL 11
157 42.7¢ 214 §T0 12 Mo Rz

e 43_75(,-3'"'")_72@ 2152

159 513 @3 21%
168 POL i3 217 RCL 0!
161 9.5 2:3 -
le2 ¢ 249 RCL 92
167 £4% R
164 £°X 201 P g2
1S 272 b
tés ¢ 23 €10 13 Xx==> = K3
167 1,50 24 1.8 He ~)
fn3 e ]
fea 1 156 =3 Rpq 275 iy X =101 ]
178 510 @3 (/,['9-5'") 27 4T
s opo r : - ~——
TURLE 23 1.m R ®
172 9.2% 29370 e Ym= R -2
177 s 29 RLL 12
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Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
Tt 68 FS* 55

e

BRI T ayE 6! XEQ 3
S 62 310 12 m— R,g
(TR 4Y 63 “RUBBLE FDNO*

'{'E“'_E':? L) . 64 AON
e 65 TONE &
7 o 66 PRONPT
e
o 68 ASTO 1
e Rges $9 CLA
S 7 -y
s 71 ASTO %
S 2 (L]
0Ty 73 xay?
LR 74 510 84
75 1
76 TONE 7
7 PRONPY
78 *p=-
79 F$? 59
88 XEQ 03
81 ST0 85 D—Ros
g2 C10 05
BIeLEL 04
84 RCL 8¢

IR

S S B N A ST SRR

.

2 g- R 00 g5 %12
- 86 RCL @@
< 27 =
¢t 82
* 89 /
_: 9 Pi
i a s
- d, - Ko 92 REL 01
E 9 -
= 94 ReL 91
3 95 RCL 09
: %
2 a7 sep7
9 s
= 99 2

199 »
104 Pf
182 »

121 PCL B4
S UNIT KT WHTER=" 10
4 P35 1T R 185 ReL 18
47 g T — ¢
4 :ir P meer 03 e ¥
R 187 L ey
e D> Ros

189 5719 @
11geLB ec
11 RCL we

112 X2
5 T— Rys 147 9L 9
i 114 ¢
{ te - PN
e 1:% 2
57 TOKE § 1y -
53 FROmpT Y

SRR
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Flowchart for "BwF"

START PROGEAM
XEQ \\BWF//

¥
INPUT VARIRBLES
dS ) bi Y’V ) T a’dm i
S RUBBLE NO_
FOUNDATION? T
2m A
INPUT —f{g;(f’? i
: D . ‘
L :
@ |
t-' ) .
- - :
- '
. :
. .
VES ‘
m= 1.0 :
Ry 1241203 =X ; :
.= (075~ 25)Hy “‘3,‘#4—-3‘ f
7 — i
=H Hpd ( +d "
Rm=3 (lo:wl__t:_g) D S> X
-— L .
R4+ 41) ;
Rr= tnRm + Ry I
Mr= Rm{chrn- 0.t} {4+ 4)
¥See program I1R-4ICV (CETA 82-4)for equahons used 11 calculating H: i
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Program Listing

COMMENTS STEP

KEY ENTRY

KEY COOE

COMMENTS

STEP KEY ENTRY

v pogerT
# £LOCUNDT RN, RETEG:
€3 F s
X
[
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71 s
77 RO &2
F R 1
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s nTe L
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o 273 »
T i BOL 28

2 2

274 P25 2 8
2% 8 13 324
w2 297 -

9
237 1 294 0L 92
8T 4
s 2%

272 8.7 %5 B e
243 » M2
SHUGE f90 .
262 00 24 293 P 83
Y il -
:4 : 0 »

a4 2 W1 RO 27
245 02 s

PR 772

263 2T 11 (QUG"‘H‘*H) = Ry 95 4. Miche- RUM‘?I' en

51 309 57 74 5C(k) —> Ksq

<2 x 309 RCL 24
253 1% et
254 C¥3 Y+
253 1 312 RCL 23
25, + Nl

257 BLL 23 314 RCL 27
252 318

*

o
F1-» R, 37 REL 24

s

1

261 719

262 71Q ST 15

23 )114 ¢ Ht(K) > Rss
264 ROL 12 321 pOL B¢

265 ¥2 22 -

266 - 327 ¥z

267 Fri 1] 124 PCL T3

263 + 335 &

263 5T 17 F8 - R33 725 1
RN >
271 BLL B4

72 -

273 X2
274 k€L s

PIL 83

poL 27
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245 PO 03 a2 s 5‘4/'/)76/0(,(_
I3+ by +
37 BRI 4Rd oCL 13
32 s 45 ¢
743 RoL 3 49 ST0 4! Y (k)—a K4
I « 497 LU 83 ¢
2 2
Rl 4w s
24 419 PCL 27
4R 1 a1y x
3. 412 -

7% CHS 417 §T2 42 _%,(K)—? qu_
7 00w 414 REL 29

7% 4 415 ReL 83

353 §10 €9 | 4 s

W0 2Eu ° 417 RCL 12

%y €. 37 2']%();) >p 413 +

3 RCL 9 37 415 w2

420 RiL oS

420

422 570 51

423 ¥ 05 5. ()

424 ST+ 44 >

425 RCL 2 ¢ Rag

425 RCL 83

a7+

429 ROL 12

a2 -

430 RCL 89

47t

SF, (k) R 432 870 52
433 K52 0

474 5T+ 65 SF(K) > Rs

435 ROL 41

a3 po Bl

477 -

439 BeL St

2R | B

441 ST+ 46 >

442 ROL 42 ZMe(K)7Fs0

a3 R0L 0
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26 470 14
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ey ¢

703 870 43
Ta 1.0
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STEP

KEY ENTRY

KEY CODE

COMMENTS

STEP

KEY ENTRY

KEY CODE

Shtiad e e it el

COMMENTS

797 0L
7%

795 5T
fea 4T
CLIIRN
282 RCL
823 PTL
e -

a5 ST
SR5eLEL
207 PO
ges ™
g8 EXD
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o

N Ly
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Program Description

110R~-41CV Non-breaking Wave Pressure Distribution on Vertical Face

Program Title Structures - Miche-Rundgren and Sainflou Solutions (RPN Logic)
Name Julie Dean Date 8/83
S. Army Engineer Waterways Experiment Station
Address Coastal Engineering Researcﬁ Center .
City P. 0. Box 631 Stale Mississippi Zip Code 39180-0631 -

Vicksburg

Program Description, Equations, Variables, etc.

This program calculates non-breaking pressure distributions when the wave crest is
at the structure and when the wave trough is at the structure using both the Miche-~
Rundgren and Sainflou equations. The solution corresponding to Figure 7-91 or 7-94 of
the Shore Protection Manual is the solution with an overall lower pressure value. Input
values are the water depth at the structure d, wave period T, incident wave height H
reflection coefficient ), and unit weight of water X . The user is given the option
of calculating the pressure distribution values using elther or both the Miche-Rundgren
and Sainflou solutions. This program is identical to 109R except that the pressure
distribution is printed out without integrating to obtain force. The algorithm uses U. S.
Customary or Metric system of units.

REFERENCES

Hughes, S. A., August 1982, Basic Program: '"WAVEFOR", available from Coastal Engineering
Research Center, U. S. Army Engineer Waterways Experiment Station, Vicksburg, MS
39180-0631.

U. S. Army Corps of Engineers, Coastal Engineering Research Center, CETN-1-21, 12/82.

U. S. Army Corps of Engineers, Coastal Engineering Research Center, Shore Protection
Manual, Chapter 7 (1984).

¥
]
il "
3

Operating Limits and Warnings

Because of the large number of output values, this program has been written for use with
printer only. It can easily be modified to run without the printer by deleting the
printer instructions and inserting R/S statements where output values are desired.

1I0R-4ICV-1
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User Instruetions

110R-41CV  Non-Breaking Wave Pressure Distribution on Vertical Face

il i et e

Pl Sl at e

Ralintalis® 200 it genfin s
i

'~

Structures - Miche-Rundgren and Sainflou Solutions (RPN Logic) SIZE: )3
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
| |L0AD PROGRAM (NBPD) [Xxeq) "NBPD" | E OR M7
2 |CHOOSE s CUSToMARY OR METRIC
UNITS US>, [Ris] | DEPTH?
3 |ENTER DEPTH (feet or meters) a L[R/s] PERIOD?
4 |ENTER _WAVE PERIOD [seconds) | T LR/s] WRVE HT.7
5 |ENTER INCIDENT WAVE HEIGHT
(feet or mettrs) H; LRls] REFLEC CoFd
&0 |ENTER REFLECTION (0EFFICENT | X LRIs] YNIT W1
7 |ENTER UNIT  WEIGHT OF
warer_(10/g4® or ¥9fm?) Yo [RIs] MR?
8 |ANSWER YES OR NO 7D
MICHE -RUNDGREN PRESSURE
DISTRI BUTJON yor N, [Ris]| SF?
9 |ANSWER YES O NO 7D |
SPAINFLOU  PRESSURE DISTRIBU-
710N Yor N, [RI5]
10 |READ ELEVATIONS (H.orm)
READ FPRESSURES (lgs or “Ymt)
The.  solutron corresporading 7o
Froure 7-91 or 9-94 of +he
Shore ProKction Manual 'S Yhe
soluton with an overall lower
Pressure  yalut.
110R-41CV=-2
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User Instruetions

SIZE:

STEP

INSTRUCTIONS

INPUT

FUNCTION

DISPLAY

Example Problem:

- U.S. C(/S?‘amary Units
depth= 10 £+

eriod= & sec.

H = 5.

X=_ /0

o= 6% "/

Read Miche- Kundgren:
elembhm ()

pressure  (16/H*)

Read Sanflow -
2levaton [H)

pressure. (1b[H#2)

Sinee the. aunflon

pressure  distribu-

hon _provides Jower

pressures than he

Miche - Rundaren

NON-BRXL PRESSURE DIST.

YS CUST. UNITS

NEPTH=
10, 0808 Ll
PERIND=
6. 0088 L8
UAVE HT, =
5.6999 L
REFLECTION COEFF,=
1.009¢ Lidd
NTT WY, WATER=
64,0989 8%

MICHE-R...CREST RT WALL

ELEVATION PRESSUKE

2,5929 98,9000
f.5401 RENCE R
4.5516 131.548¢
2,€195 27,6357
f, 732 363.7943
-1, 1147 4pe, 7117
=2.9209 95, 7224
-4.71¢ 667,243
-6.,4992 71,3541
-9,247¢ 872,409
-14. 9484 988, 77eR

WICHE-R.,.TROUGH AT MALL

ELEVATION PRESSURE

-1,407] LRCEE
-2,7%41 33,8481
-1,2797 8, 9914
-e, 1612 122,7686
-5, 319 lob. %415
-3, 9284¢ 231,594
-6,7215 2978299
-7.9517 Ju4. 7705
-8.1728 153.1292
-9.1277 492.9363
-18.8689 454, 1494

SRINFLOU. . .CREST AT MALL

ELEVATION PRESSURE

£.48532 0.0080
4,6568 89,1164
2,9439 172,3292
1.2618 267,731
~0.2941 357.4277
~2.8279 447,509
~1.643% 538.873%
-5,2450 629.2364
-6.2730 7218869
~2.4197 813,735
10,0000 947,2946

SATNFLOU, . TROUGH AT WaLL

ELEVATION PRESSURE

~3.5947 8.9098

~4,2371 38.883%

~4,9724 77,6712

-5.918¢ 1162665
~6.158% 154.5723
~6,7983 192.499¢
~7,4302 229.9215
-§.07% 266. 7636
~2.7197 382.9131
~9,7%97 338.2675
19,9848 372, 7854

theory, the~ Sainflp
LA

soluhon Corresponds 1o

SPM F/gure 7-91,

| P LA Sy

- - - -

SN I U PN I SN IR N N Py Al
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User Instructions

SIZE:
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
Exam P/ e Problem: NON-BREG PRESSURE DIST, SATNFLOU. , .CREST AT MALL
: : NETRIC NITT ELEVRTION PRESSURE
- Metnic Units 1,94¢2 8. 990
nEaTH: 1,4179 434,951¢
aep= 3.05m 3050 aa 8.2a1¢ 3793707
- PERION= 8,777 1,38, 7202
perod= b sec. 6.0 e -8,1246 1.744,4957 .
HAYE T, = -9.62¢1 2,184, 1514 .
Hi = 1.52m 1.5¢82 a2 -1.1142 2,626,184} -
PEFLECTION COEFF.= -1.6219 3,871,936 X
X= /0 1.OyyR e -2.99¢3 3510, %S; 4
P 3 WIT WT. WGTER= -2.5627 3.971.5353 o
= 1,825, 1382 52 -7 @Sah 2 fars
¥w = 1025.18 ¥9/m 7,050 4,428,101 3
MICHE-R...CREST A7 kAL SRTNELOY,  TROLGN BT Wi, Z:
Read Miche-Rurdgren: ELEYATION PRESSURE ELEVATION  FREZSURS :
( ) 2.6078 9.0022 -1.0%41 ¢, Buse .
' m 1.9573 439,529 -1,2%03 1, 43 :
Litvaton {k/ 1.7703 8362441 -1.4%0 120, 74 a
z 9.7901 1.3¢p, 2493 -1 egs 53,350 :
(S U m) 2o i JX RN 953, 3%0¢
pressure 9 8.2162 1,8¢4,875¢ -1,2769 75, 944
-, 3457 2.276,7932 -2.0722 942,647
-6,9982 2,753,993a -2.2676 1,125,977
. : ~1,4425 3,294, %025 -2.4571 1,386,4229 :
Keaqd S‘amf/ou 1,998 3,762,492 -2,6587 1,433.51§3 A
. -2,5187 4,284,487, -2,9543 1,656,639
2levation (m) -7.4509 4,822,799; -2.0509 1,825, 4562 .f
z) END ]
pressore ( kg/m NITHE-R,.. TROUGH KT WoLL K
ELEVATION PRESSURE ]
‘ ’ -9.4322 0.9u08 B
Since the Sainflou -0.7208 1949669 M
-y

[
rd ~—

Pressure_distribdtiom o mea
provides lwer pres- L 55241
Sures thah the 2o
Miche - Rondgren theory, e
Yhe Sam,é/ou 50/(47‘7&)’) 3.0 ..
Corresponds 0 SPM_ Fiqure 79 1

R . RPN

110R-41CV~4
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Program Listing
KEY ENTRY  KEY CODE COMMENTS STEP KEY ENTRY  KEY CODE COMMENTS
Dtel G uppe 68 PFX
B2 “NIN-ERES 2RETSUT 61 570 gs Iwn—> Ros
@7 sefE DG, v (> 2
v avIcH €7 Pl
#s anv 64 s
[T €5 k(L ©Z
) £6 /
AR 67 X2
P =ic Op o £3 RCL P
1) N h s
C0o2paveT M R0L fe
12 ROEF "o
At v 72 510 8¢ Gt > 200
14 CLk 73 4.8
15 =ye- 24 X
ERTTT Y 75 0.867¢
17 (L8 76 ¢

13 5=
CEAOE
29 *WETRIC UNLIS®
21 avIed

22 9.8t

23 670 3

2aeLpL B2

25 U CUST. UNITS®
25 OVIEN

27322

28081 03
29 ST7 ¢a

M AL

31 epFRTHn
32 PROART

77 ~[27Nee
I8 peY

3 epy
5T e

T erzean
1 peup;

73 etgpInps
43 PPA

ot ey
82510 92

47 CHRYE MT,"*
14 PETNCT

4G "pi.z U7 =0

5. koo

- N

S ST g

56 CUNIT W0t

57 pRoRRT

S8 UNIT KT, WATEP=*

<2 peg

g Ko

d’Ru

T Roz

H; = Ros

X—> ‘§o1

72 3.8
77 Yo

81 »
R2 +

84 X12

AN
182 §¢f7

14 s

w2

pie
IR 4
PR3
4o .

117 »

183 R7L @2

w0s AT e
e FCL vy
BT R

R PR P

114 570
115 ¥EQ -Ceswe
115 870 12
17 RCL 1t

77 RCL @6

86 2.93¢c4

83 RCL #5

118 XEO “SINN®

119 ¢1n )2

35

L—> Rog

A"’ R,o

( ) - Ii{u

¢ — Rz

51 —» R
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A
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY COMMENTS :
128 P7L .2 {7 ¥ER enpe "4
Lt 75T 22 SZ—-K;2
122 47 14 TI—> R4 169 fIL 2 -]
10 ted 2 -
1C2 »
123 PIL 28 !1‘
194 4 B
125 2 )
1287 #
1? 197 £1 .
193 N
q 193 S70 11 P
2 199 YER <0SM"
137 174 151 ™0 23 €3 —Ez3 -]
134 7 162 prL 1y -
175 e 197 ¥ED “GNH* N
135 + 154 ST 24
137 4 1¢5 RCL 20 53> Rz
133 + 198 2
£33 517 19 F5— Ris 197
149 ROL 12 132 Pl
181 %22 199 #
142 4 268 ST 11
€3 1 221 ¥€9 *LOSH*
144 1% 202 670 25 42 Rz5
145 RCL 17 %3 RCL 1
146 %12 204 XEQ SINN-
147 4 285 §70 24 $4 - Kz
149 4 205 RiL 22
142 Ly, 207 RIL 12
158 2 263 7
15 289 570 27 Fl = Rjq
192+ 210 ROL 2t
151 510 ¢ Fo— Rie 21 R 1
15¢ B0L ¢! 2027
1535 2.0 2115 0 F2 — Rzg
1o, 214 P2
167 8Ty o Dd— Rp 205 R 13
52 9,2 216 X2
152 T2 1§ Y =0—> Rig 2.7 v 2
168 70 1% 219 sT8 2 -
15 eLE g 0-> Ryq (counter) 213 PLL 26 F3 2
12 1.0 228 0L 43
I T s kS
4Ty KSR
e Fw g
e F4 — R;o
R T E—= RZﬂ
EER I
17z Pl €3
1714 RCL 25
174 810 11 232 RiL 13
175 %£Q -COosue 273 %42
176 ST0 2t C2—>Ry 214 /
177 0L 11 275 +
110R-41CV-6
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STEP

KEY ENTRY KEY CODE

AR AR A Atk e s A e A D R el e A A S DA AR A SRl A N D ek NS Sl el Sl A A 4

COMMENTS STEP KEY ENTRY KEY CODE

COMMENTS

L 9,78
T

233 RTL 14
233 R{L 4

242
241 2
242 »
247 Cuy
244 &

2¢5 210
1

zdr PUL Y

N N

S

D -

- oo

3

ro
D -

e

I
A
L)
o IR e T
o -~

293

254 R{L 23
253 #

Gh 4

257 810 32
252 ROL &3
289 3

26l v
261 PLL 12
262 X2
23
2¢d RCL {1
2€5

3l
(o] 63
il
269 £22
278 G0 34
37: -NP-\-
272 AN
273 PROMPT
274 ROFF
279 ASTD ¥
276 CLA
277 N

273 BSTO X
279 LR
290 x=vo

HIE N

wITHE-v, . R
S gr Hl-'l...'

ih EEy

297 any

283 “ELEVATION PREC"
2€9 *FSURE”

292 PRR

297 310 14

244 |,%

295 RCL 84

29 -

207 X2

243 RCL 16

203 »

g R Q¢
. st !

(qmﬂh-hf) =R W2 .

R7 Y42

g ROL S

35 »

96 +

307 p!

3z =

389 RC. 23

319 %2

K3

212 RCL

113 s

24

F1—> Rz, M4 RCL 25

™~
-3

s+
3% ¢
;1:‘ /
18 BT 95
19
320 ROL A4
3201
g 72+
F8-> Kaz LIROL 23
icd s
325 B 27
3
w2
322
32 +

I35 KL ee
377
33134
I8 RIL BT
4R »
DI SRE
Li %

LF3

44 RCL 34
345 ¢+

345 ST0 35
347 RCL 19

W ol rd ad Va,
~
i

Ye

Ye

291et8L 12
292 FS* 1

343 40
349 ¢+

37
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STEP

KEY ENTRY

KEY CODE

COMMENTS

STEP

KEY ENTRY KEY CODE

S S A N AN

e I Al

e ke g VNG e TN

COMMENTS

IR <10 e
IS0 REL 3
252 STO IND 4¢

'
RCL 84

Led Cad Lad ey €
; n
Ty N By

Jnd RL B4

363 RCL 32

3£ RCL 23

4F2 RCL 3w
497 »
484 RCL 36
409 +
496 STQ 25

Pe

38

467 POL 19

4¢3 51

49 4

412 ST0 44

411 RiL 39

412 STG IND 49
3 poL 17

414 ST1- 13

415 R3L 19

415 11,8

417 %20

418 CT0 84

419 6.9

429 $T0 19

421 ROV

422 ~MICHE-R,,.TROUS"
423 “KH AT uaLL®
424 PRA

425 AV

426 “ELEVATION PRES®
427 “FSURE®
429 PRA
4290LBL 19

439 RCL 19
4311

432 +

433 ST0 19

424 48

435 +

435 ST 48

437 RCL IND 4@
435 ACX

437 6

449 SKPCHR

42; RCL 19

442 S

443+

444 STO 4@

445 RCL IND 40
446 ACX

447 PRBUF

443 RCL 19

449 11,0

453 ¥=1?

451 CT) 11

452 510 18

437 FS2 8

454 C7C 14
4sSeLPL 11

455 »oFoe

457 AN

458 PROMPT

459 ROFF

460 RSTO ¥

461 CLR

462 °N°

110R-41CV-8
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STEP KEY ENTRY KEY CODE KEY ENTRY XEY CODE COMMENTS
463 A%TD X 510 ¢
44 LR 529 CHS
465 yao 521 UL €5
466 €10 13 522 s
47 SF @1 521 §70 19 )73
483 R0V 524 RCX
459 ~CRINTLYY, , CRES 525 PRE!F
470 b7 AT WALL® 526 €L 30
4Ty BRE 57 RCL 83
477 W 29 o
473 “ELEVATION PRE3 S29 RCL 15
474 “FTURE" 57 -
475 PRA 531 PCL 85
476 9.9 532 2
a7 5 13 513 5T0 3¢ 123
478 79 14 534 RCL 19
479 GT0 g4 575 St
4390LBL 14 536 +
o R 27 537 ST0 48
a2 Rl 28 533 PCL 38
421 539 STO IND ¢¢
454 RCL 93 540 PCL 17
435 X02 54! ST- 18
s s 542 RCL 19
487 Pl 543 11.8
y - 433 » 544 %2Y?
¢ 499 RCL 83 545 G 94
- a3y / 546 QDY
. 45y ReL 27 547 “SAINFLOU. . TROS®
- 492 REL 63 543 “HH AT KALL®
b 493 » 5¢3 PP
. 494 + SS9 ApY
, 495 ROL 13 SS1 "ELEVATION PRES®
4% 4 SS3 *MSURE"
TEEE Ye 553 PRA
432 A0y 554 0,9
49 ¢ €€ §T0 10
589 SKPCHR SEeLBL 1S
591 RCL 37 557 RCL 19
ez RCL 83 559 1
563 2 559 +
o4 o 559 ST 19
i RAL 0 S61 49
Siv 9 2+
7 - 563 270 a0
592 2th 73 Sh4 RCL INE 4¢
S99 or 2 Ht S Ry
ERT, %58
<t <7 Py
RSO 563 R7L 19
S13 R0L 33 69 51
S14. ST IND 49 578 +
S15 RCL 39 571 STO 49
S16 PCL 83 S72 RCL IND 4¢
S17 ¢ 573 ACX
518 PCL 12 §74 PRBUF
110R-41CV-9
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STEP KEY ENTRY KEY CODE

COMMENTS

STEP

KEY ENTRY KEY CODE COMMENTS

575 ecL 13
2% 11.8
77 ¥=0
573 570 1
§76 470 15
SOReLBL *003M*
S6; 717 gt

552 €4y
AT B
524 045
595 £4¥

val

"

L X}
PRy

% +
%7 2
535

SRY Ty
S9ReLBL “SINK"
591 ST ¢
592 €Y
93 PCL 11
594 CHS
599 £4%
59 -

597 2
593 7

S99 RN
688eL2 13
661 CF AL
682 (F pe
683 “END®
f@d QYN
585 END

cosh( ) subrovhne

sinh( ) subroutine
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REFERENCES

Hughes, S. A. 1982 (Aug). Basic Program '"WAVFOR,'" available from Coastal
Engineering Research Center, US Army Engineer Waterways Experiment Station,
Vicksburg, Miss.

Nielsen, P. 1982. "Explicit Formulae for Practical Wave Calculations,"
Coastal Engineering, pp 389-398.

Shore Protection Manual. 1984. 4th ed., 2 vols., US Army Engineer Waterways
Experiment Station, Coastal Engineering Research Center, US Government Printing
Office, Washington, DC.

US Army Engineer Waterways Experiment Station, Coastal Engineering Research
Center. 1982 (Dec). "Revised Nonbreaking Wave Forces and Moments," Coastal
Engineering Technical Note I-21, Vicksburg, Miss.

Walton, T. L. 1982 (Nov). '"Hand-Held Calculator Algorithms for Coastal Engi-
neering (Second Series)," Coastal Engineering Technical Aid No. 82-4, US Army
Engineer Waterways Experiment Station, Vicksburg, Miss.
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2 APPENDIX A: BLANK PROGRAM FORMS
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Program Description

Chal el Al A R T YA A S Wi St B et SR el Sl Al ol e el

LA A e

Program Title
Name
Aduress

City

State

Date

Zip Code

Program Description, Equations, Variables, etc.

Operating Limits and Warnings
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User Instructions

SIZE:

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

.-

—
P e e e e,
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Program Listing

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