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PREFACE

This report describes methods for predicting wave transmission coef-

ficients for permeable breakwaters using a transmission by overtopping
equation together with the analytical model of Madsen and White (1976).

This technique has been tested with physical model results for nonbreak-
ing and some breaking waves, for monochromatic and irregular wave condi-

tions, and for riprap and some concrete armor unit breakwaters (Seelig,

in preparation, 1979). The technique was found to give useful predic-

tions of transmission coefficients for design. The work was carried out

under the offshore breakwaters for shore stabilization program of the
U.S. Army Coastal Engineering Research Center (CERC).

This report was prepared by William N. Seelig, Hydraulic Engineer,

under the general supervision of Dr. R.M. Sorensen, Chief, Coastal
Processes and Structures Branch.

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.

7 5TE- ,. B rS O'10-
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
jto 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 10- 3  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) C.01745 radians

Fahrenheit degrees 5/9 Celsius degrees or Kelvins
1

ITo 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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ESTIMATION OF WAVE TRANSMISSION COEFFICIENTS
FOR PERMEABLE BREAKWATERS

by
William N. Seelig

I. INTRODUCTION

The primary purpose of a breakwater is to reduce wave energy in an
area to be sheltered. One of the important characteristics of a break-
water is the magnitude of the wave transmission coefficient, defined as
the ratio of the transmitted wave height to the incident wave height.

Two basic types of wave transmission are: (a) by overtopping that
occurs when wave runup exceeds the crest elevation of the breakwater,
overtops the breakwater, and generates waves in the lee; and (b) through
a permeable structure that occurs because some of the wave energy is not
dissipated by the breakwater and is transmitted through the breakwater.
The total wave transmission coefficient, KT, is given by:

KT = (KTO)2 + (KTt)2 = HT/HI (1)

where

KTO = transmission by overtopping coefficient

KTt = coefficient of transmission through the structure

H1 = incident wave height

HT = transmitted wave height

These and other symbols are defined in Figure 1.

Since the prediction method is complex, particularly for transmission

through the structure, a computer program is presented in an Appendix to
this report. The program incorporates the analytical model to determine

KTt by Madsen and White (1976)1 and an empirical equation to determine

KTo developed by Seelig (in preparation, 1979)2.

IMADSEN, O.S., and WHITE, S.M., "Reflection and Transmission Character-
istics of Porous Rubble-Mound Breakwaters," MR 76-5, U.S. Army, Corps of

Engineers, Coastal Engineering Research Center, Fort Belvoir, Va., Mar.
1976.

2SEELIG, W.N., "Two-Dimensional Tests of Wave Transmission and Reflec-
tion of Laboratory Breakwaters," U.S. Army, Corps of Engineers. Coastal
Engineering Research Center, Fort Belvoir, Va. (in preparation, 1979).
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KT = (KTO)2 - (KTt)2 = II7/l1j

Figure 1. Definition of terms for wave transmission
for permeable breakwaters.

II. WAVE TRANSMISSION BY OVERTOPPING

Wave transmission by overtopping occurs when wave energy is trans-
mitted by flow over the top of a 'tructure. The transmission by over-
topping coefficient can be estimated using (Seelig, in preparation,
1979)':

KTO = C (1-F/R) (2)

= 0 for F/R greater than 1.0

where

R = wave runup

F = breakwater freeboard, defined as the structure
height, h, minus the water depth, d,

C = an empirical coefficient

(KTO)max = 1.0

Laboratory tests show that the value of C is related to the crest width
of the structure, B:

C = 0.51 - 0.11 B/h . (3)

Thus, a slight decrease in the transmission by overtopping occurs as the
structure crest width increases.

3SEELIG, W.N., op. cit., p. 7.
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Wave runup is estimated using the formula (Ahrens and McCartney,
1975) :

R a ___

-1 b(4)HI  1 + bE

where a = 0.692 and b = 0.504 are recommended for rubble-mound break-
waters and a = 0.988 and b = 0.703 are recommended for a breakwater
armored with two layers of dolos. 1 is the surf parameter given by

_ ._tan (5)

where 9 is the angle of the seaward face of the breakwater, and Lo is
the deepwater wavelength obtained from linear wave theory. Calculations
of wave transmission by overtopping are performed automatically in the
program MADSEN (see App.).

III. WAVE TRANSMISSION THROUGH PERMEABLE BREAKWATERS

The cnefficient of wave transmission through permeable breakwaters,
KTt, is estimated using tne analytical model of ,ladsen and White
(1976)5. In this model the transmission coefficient is related to a
complex function of the size and porosity of the materials used in
building the breakwater (Table 1), the breakwater geometry, the seaward

Table 1. Porosity tf various armor units (after U.S.
Army, Corps of Engineers, Coastal Engineer-
ing Research Center, 1977)6.

No. of
Armor unit layers Placement Porosity

Quarrystone(smooth) 2 random 0.38
Quarrystone(rough) 2 random 0.37
Quarrystone(rough) >3 random 0.40
Cube(modified) 2 random 0.47
Tetrapod 2 random 0.50
Quadripod 2 random 0.49
Hexapod 2 random 0.47
Tribar 2 random 0.54
Dolos 2 random 0.63
Tribar I uniform 0.47
Quarrystone graded random 0.37

'AHRENS, J., and McCARTNEY, B.L., "Wave Period Effect on the Stability of
Riprap," Proceedings of Civil Engineering in the Oceans/Il, June 1975, pp.
1019-1034 (also Reprint 76-2, U.S. Army, Corps of Engineers, Coastal Engi-
neering Research Center, Fort Belvoir, Va., June 1976, NTIS A029 739.

SMADSEN, O.S., and WHITE, S.M., op. cit., p. 7.
(,U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER,

.Shore Protectio lanual, 3d ed., Vols. I, II, and III, Stock No. 008-022-
00077-1, U.S. Government Printing Office, Washington, D.C., 1977.
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slope of the st.-icture, water-depth, wave height and period, and the
kinematic viscosity of water (Table 2). To use this method, waves
should have

d 1.25 (6)
L HI cot 2  (

where L is local wavelength.

Table 2. Kinematic viscosity of water.
Water temperature Kinematic viscosity of water

(°C) (m2/s)

00 0.0000018
100 0.0000013
200 0.0000010
300 0.0000008

The Madsen and White model was tested against laboratory data for
permeable breakwaters (Seelig, in preparation, 1979)7 and was shown to
give useful estimates for both monochromatic and irregular waves. For
irregular wave conditions, the wave input to the program should be the
mean wave height and period of peak energy density. A few tests with
breaking waves suggest that the prediction method can also be used with
breaking waves. The Madsen and White model appears to effectively
account for breaking wave energy losses, although it does not explicitly
include breaking. Tests of breakwaters armored with dolos units suggest
that the program can also be used for artificial armor units. Compari-
son with laboratory data shows that the model gives the best predictions
for shallow-water waves. Predictions of transmission coefficients tend
to be conservative for transitional or deepwater waves. Refer to Seelig
(in preparation, 1979)7 or Madsen and White (19 76)3 for more information.
Figure 2 shows a comparison between wave transmission coefficients ob-
served in a laboratory model and predicted using the methods described
in this CETA.

IV. EXAMPLE

Use of the computer program (MADSEN) in the Appendix can best be
illustrated by an example. The format of required input information is
given in Table 3. Any number of breakwater geometries, water depths or
wave conditions can be analyzed in a single run. The first 53 cards are
a standard deck of look-up (input) tables (see Table A-i); card type 1
provides the number of breakwater configurations or water depths to
analyze. Card types 2 to 6 give required input information for each
breakwater of interest; however, a separate set of these card types is
required when the breakwater geometry or water depth is changed.

7SEELIG, W.N., op. cit., p. 7.
8MADSEN, O.S., and WHITE, S.M., op. cit., p 7.
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Table 3. Format of input information.

Card type Format Description

Standard 53 standard input cards

1 12 Number of breakwater configura-
tions or water depths to test

2 20A4 Title card

3 312,4X,7F10.S Number of wave conditions to test

Number of materials

Number of horizontal layers

Structure height (m)

Water depth (m)

Kinematic viscosity (m2/s)

Width of top of breakwater (m)

Front slope of breakwater = tan
(e)

Wave runup parameter a = 0.692

Wave runup parameter b = 0.504

4 lOx,2FlO.S Material diameter (m) (armor 1st)
(1 card per material) Material porosity

5 lOx,7FlO.S Layer thickness (m)
(1 card per hor- Mean length of each material type
zontal layer) in the layer (put in consecutive

order; e.g., material 1 (armor)
1st, etc.)

6 2F10.5 Wave period (s)
(wave condition card; ave heights (i)
one card per wave
condition)

Repeat card types 2 to 6 for each water depth or breakwater configura-
tion to be tested.

Card type 3 gives the number of wave conditions to analyze and sum-
marizes general input information (Table 3). For the example breakwater
(Fig. 3), 18 wave conditions with periods of 5, 10, and 20 seconds and
with heights that range from 0.1 to 2.0 meters, are analyzed.

Card type 4 gives material characteristics, one card per material
and the first card should describe the armor material. The example
gives three materials (armor, underlayer, and core); diameter and poros-
ity of the materials are shown in Figure 3.

Card type 5 is used to input the mean horizontal length of various
materials in various horizontal layers of the breakwater. A new hori-
zontal layer occurs when there is a change vertically in material type
or slope and the layer next to the seabed should be designated as "layer
number 1." In the case of the example breakwater, three horizontal layers

i
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are shown in Figiure 4. Sample horizontal length calculations are also
included. Note that when determining horizontal lengths of the armor
material, the outer layer of the armor on the seaward side of the break-
water should be "removed" first because dissipation of the seaward face
is determined in a separate part of the computer program.

Table 4 gives the computer program input information required for the
example; Table 5 is the resulting program output. The output shows that
predicted transmitted wave height for this example is a complex function
of incident wave height and period.

Table 4. Sample input.

EXA.4PLE PROgLE4'0.9
18 3 3 bot 4.6 00000093 2.5 0.609 OS04
MAT I 0.729 0.37
PAT 2 0.418 0.37
MAT 3 o.002 0.37
LAY 1 3.55 4.33 3.80 6040
LAY 2 0.7A a.b3 2.S 0.0
LAY 3 5.uT 5.25 0.0 0.0
5.0 0.5
S.0 too
5.0 1.15

5.0 J.O
5.6 P.0
10.0 0.1

10.0 1.0
10.0 1.51M.0 t.T5
to.o ?.0
20.0 0.1

20.0 1.0

20.0 JOS
20.3 200

V. SUDIARY

A computer program is presented for estimation of wave transmission
coefficients for permeable breakwaters. Extensive testing of the program
with laboratory data has shown that the program can be used to estimate
transmission coefficients for monochromatic or irregular waves and for
rubble-mound or other types of permeable breakwaters. A limited amount
of testing suggests that it can also be used for breaking and nonbreaking
waves.

A copy of the card deck and more extensive program documentation for
the computer program MADSEN (CERC Program Number 752X6R1CPO) are avail-
able from the ADP Coordinator at CERC. The cost of running the program
on a CI)C 6600 computer is only a few cents for each wave condition of
interest.

14
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Table 5. Sample output.

EXAMPLE PROBLEM

COMPUTATIONS OF wAVF TRANSMISSION TMROUGH A POROUS OREAKIATER

NUN OF WAVE C NUITTONS Is
NUM OF MATEWTALSU $

NUN OF NORILnNTIAL LAYERSx S

STRUCTURE HEIGHT ([A)x o8006

WATER OEPTH Cmls 40.00

KINEMATIC VISCOSITY CM2/SIC)s .000000930

Ow TOP WIDTH (M)S 24520

TANS OF FRONT SLOPEs .6670

RUNUP CoEFFIrIENTS As .692 8 Sna

MATERIAL CMARACTENTSTICS (MAKJ ARMOR MATERIAL NUMBER 1)

MATERIALS I OTAMFTER ("IS *?q pflSITY4 .370

MATERIALS 2 OAMETER (MID .136 PORnSITYS .70

MATERIAL: 3 DIAMkTR (M)a 0092 POROSITYV 370

MORIZONTIAL LAYER CHARACTkRISTTCS

(MAKE LAYtR NEXT TO SEAdFU LAVER NUIMRPER 1)
MATERIALS 2 3

MORIZONTIAL LAYERS I T"TCMNFSS fMIu 3.550 LENGTMS (M). 4.q 3,8 .4

HORIZONTIAL LAyERS 2 TmTCHNESS (M)a *780 LFNGTwS (m)a Us ?eS 080

NORIZONTIAL LAYERS 3 TmfCONESS (M)a .u70 LENGTHS (M)z 593 0.0 0.0"

MCM) T(SEC) N/(G*T*I) H/L j(GDST*
T
i) KIT KTM KT KR NToUl

$too '5nO 00004AS 0033 s 09 .391 o.soo *Jq .26 .039

.SO0 .00 .00201 0010? .0196 .211 0.000 .all *?a .10s

1.000 sno OOUOa ,o3349 0o196 .149 0.O .1M4 ,26 28 la

.SO0 5.00 o0061P2 ,0S0?3 9oq e129 04b .134 . o? '201

1675 s5fl0 O0?10O3 .05b0 .019 .121 .oAo .148 o27 .260

2,000 5000 .0081b) .0691 0196 e113 .Jps ,jO8 .2 .1$7

.100 1o00 ,000102 ,0*oflI 90049 ,597 0,00 .397 . s1 *040

SO0 1000 ,oosiO .00753 ,0009 ,199 OOO .199 .bo '09q

1,000 10.00 .0010)0 .01507 90049 ,135 0.0O0 .13) .82 *13%

lsnO 1efO .001511 .02260 ,0049 .099 .1,5 ,I52 .11 .26

TSO 10.00 .Oo1786 *00237 .0049 .068 .159 .181 .86 '318

2,000 10.O0 *f020l .03013 ,O049 .080 .193 .209 ,b4 Oult

8100 21.00 .0000P6 .0071 .0012 .379 0.000 .379 .53 e0s

.O00 2n,.0 .0001e .00367 @0012 .184 O.OnO .184 eb6 .09?

1.000 2000 00 on 2S .00735 .0012 .125 .010 .12S .70 1?S

tsoo 2no0 0003R3 901112 001 , 0096 is .1 ]82 71 ,?73

ISM 20.00 ,OQ400 001288 ,0012 .06 ,198 .214 ,72 35T

8.000 200O0 600t0 .01470 .0012 ,080 42P7 east1 72 ,481

KYT * WAVE TRANSPTSS!ON THRMUGH THE STRUICTURE

KTO v WAVE TWANSMI~bInN By nVFRTUPPING COEFFICIENT
XT w TOTAL WAVE YANSMISSIMN COEFFICIENT

KR a WAVE REFLECTION COELFICTENT

"? • TRAnSMITTED pAVE tIfiNT

USPA61SI Sr.- i*'rEh 1 ~*
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APPENDIX

LISTING OF THE COM'PUTER PROGRN k1ADSEN

P"ROGQ Am I HAn i f I'CP1IT ()I I IPT T APLu INPITVTAPE 62nUTPIJI ITA Pf 3
COMMON/'A AUS2 IINM,HL s,L( I1 I)r I( 11 ) ILL 1 (IH(11
CfMON /it. t t,/%'L ,FS
REAL NKL

nATA NW1.,3Qba ,~9 ~

CALL kE All
RI A)('111Q, NC(IIAj

C RFo 1i) JIlt 1tJ 'QAT T0'4
R1.iofso 171) r TI TIt j,1M3 *,jJP4Zj, ?))

171 FhE~m.AT(e0AtI)

RI A )(I,q%Q NJTNMNLt'4tHUNlJ, 7(Pw, IANRI.A.Ht3
I :Hb-H(I

IF(RA.IE.P.) QA-B:.fl

971 FLOR14y(/ , O.PUP,~IIpf~P WAVE TsPAI''SI80IN THPOUGHl A POP~ijS
* 8~ AI~g///,A.I if ADf' r CU'flJUNSI 'lq,3,,gqxI

* Nii?4 (IF
* *IJ" ,f HORTZOIZAL A 'A,',,X'TtrTp HT (m.)

*~ *bE, ~ 'AATr FlPIH' (F.: ,qj1xq0 o30 ,/,bxI

00 99 1=1911
DO 9$ 'I j:3,1

98 LlfTj)=os
99 C(INT I 'Njti

?93 FORF'AT((I,k,ImATf.wIAL CHA4 ACTI.4TSTTCS (MAKE~I ARlMOR MAILRIAL PNtmliER 1)

00 b 33.oNo
READ(S#7) nc I),P qI

7 F ('I?' Ay (1 ') * 7 Fj * ')

Wki.'I.( b 1 77) I * ) (I * N T)
I 7 FLU A(,KfP..AT$6iTAg:I#9yA,, 0rwTALFR (m)xI,F 6.31 PORIOS1Tyr'ief,93)

* ~ 24 Zt UM.(/~x.~uTA Avt. rwAWACTEMjS ICSI,/,5X,
*f(m&W. I AY~I. kI xy To SI.A;An LAVIR NJLM&,W 1)Io/o

rlO 3 ; Js 10 OL

W1TtfIt.%v1 A) J. I~w(J) *(L (1 *J) * '1 NM)
17A FOI1,ATfbKXeflltnwjNTjAL LAYrW19I1,, TCH'ISS (Mlal, I b,3.g LI.'..TH

MU8 Jpfl IS UST! tALIY flAw!JI i~
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OS (F)xI,7F.*l ,/,qUXl7F6*i
13 CUNT I NUt

IlNM, I~
r)(Nm)sr'p1

NLMNL, I

LL(NMO*NL)2z .*lf I)
PR I I F( e 9u,>)

942 FORMAT(//o bXo1'(") I( Str) H/4(r, T*T) M/L D/(G*T*T/) KIT
4 KT1I) KI K~R k7(t'

READ(%,$) TW
6 rL14mAT(?F1n.S)

fl~iD(j*,
IF(A$ T.n.m,)no ) GOt T6 Ino

CALL PFFL(AHS.P)(I ),HU.TAN.RT,U41.QL*L)
A I: = kI I* A

22 AMHT=2 , 4k0* A

C ASSUML1 I'4I.DHY AND IlL1.AII. UN WHE HFIiII VANT BW
IC A(1N7: (

10 IC.01NT I tOIINT, I
CALL.I(drg(.hYtttflw.Tl~,J.4 (P

IF (IF1A(.f n. I ) 3 To2

IF (J(.oU;T .1. 1 .4 ) G~U t0 10

K 1I- 2 11k : *Sfk I I
37 IF (I AfH.LJ *o.) CALL TL(( 71ft.qUfI)gTlK(.1 A.

IF ILAU. f .1 ) cn TI) 37

RI4zRA*SIJNV/( i 4WX*SIJwI
R:H* RH

KTO:-C* ( I *-f k.)

IF ( ( TOPP4HCs .(,I *,lAt(* LT .0 9 ,70-TC4( I .-FR)-( *-* )v
IF(vKTf),T.I.) 6kTp~i,
IF (P R. * I. I .* I ) I(i-20fl

Hl -s?,* /L

Ft. Gz Sw . i *T

KTB5)JI4(I7*,iI*7
IF(KT.bI.1.01K:1*

wPIIE(69Q8i 3 lIT.HGI?,14L~r)GT,TTt~klp(TKRIIT

ion CVN) INj'.E
199 C(m'TYI jE

MiS A~2 ~? V&I~ fl.J4&4~aI 18
FM fty x J,



*?X9 * IKO AVF TRANS" 4 ISS701-i MY OVEQ10PPING (OtFilCIfNUT 9/0
* 2XvIKT P InTAL *A*I' 1'kANS01YSSIflN C(EFCjj@#X

* IKIW - %%AVf PRLFOCITON~ r0FlFvirIEN,'.
*lq;)X~H' TIRANSM1IT7fl "AVE mI4IUNT')

200 CVINUE
STOP
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R I NS( I) + (RSC 14 1-" 11 )* ( ALOeCF S',-AI Ur( 141, )(ALOGCI1*1 *).ALUrCC Is

TjxT5( IJ+(SC Pt )-TSC 11 ofCALn)CfVs)A.U(.C 1et. 1 ,ALOG I* I *)-ALU(;( I*

$1 u') )

f'NI

PLO is3MST (kmIIYT f Z

21



Table A-1. Standard look-up tables to be read by
subroutine REDI.
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33 100 o .9 *A ,h7 .39 , .31 o3% .27 .10 S0S ,17 .20 .18 .07 .02 .13
34 *80 .6h o57 .50 ,u6 ,42 .3 ,36 o34
3S eT ,Sn *01 *3n .3m ,% ,?2 18 16
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