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Calculation of Wave Height due to Shoaling, Refraction
and Bottom Friction on a Sloping Beach
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Abstract[] An equation is presented to calculate wave height due to shoaling, refraction and bottom
friction. The equation in an integral form is evaluated by two different methods: A numerical method
and an analytical method based on approximation. Both methods are used to calculate wave height and
show very good agreement between their results. As shown in the figure of wave height variation vs.
relative water depth, an increase of incident angle leads to a decrease in wave height. For the case of
normal incident wave, the present equation can be reduced, under some assumptions, to the existing

equation of Bretschneider and Reid (1954).
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Fig. 1. Definition sketch of energy flux conservation.
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Fig. 2. Wave height variation due (o shoaling, refraction
and bottom friction for different incident angles.
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Table 1. Comparisons of wave number calculations

h kh
o Newton| Wu |err (%)! Nielsen |err (%)
0.005 | 0.07077|0.07077 | 0.00 | 0.07077 | 0.00
0.01 0.10017{ 0.10017 | 0.00 { 0.10017 | 0.00
0.02 0.1418910.14189 | 0.00 | 0.14189 | 0.00
0.05 0.22549 0.22549 | 0.00 | 0.22549 | 0.00
0.1 0.32160| 0.32160 | 0.00 | 0.32159 | 0.00
0.2 0.46268 | 0.46272 | 0.01 | 0.46267 | 0.00
0.5 0.77170| 0.77192 | 0.03 | 0.77143 | 0.03
0.8 1.03242| 1.03277 { 0.03 1.03118 | 0.12
1.0 1.19968 | 1.20000 | 0.03 1.19722 | 0.20
1.2 1.36680( 1.36712 [ 0.02 | 1.36273 | 0.30
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Table 2. Comparisons of numerical and approximate results
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Table 3 Nielsen(1983)9] =} & W3

h/Lo 6,=0.0 8,=30.0 8;=45.0 0;=60.0
Numer Appr Numer Appr Numer Appr Numer Appr
0.20 1.3970 1.3970 1.3970 1.3970 1.3970 1.3970 1.3970 1.3970
0.15 1.3857 1.3858 1.3681 1.3680 1.3360 1.3355 1.2583 1.2581
0.10 1.4038 1.4039 1.3630 1.3630 1.2964 1.2959 1.1633 1.1634
0.05 1.4917 1.4918 1.4186 1.4190 1.3133 1.3135 1.1361 1.3174
0.01 1.5029 1.5038 1.4211 1.4240 1.3141 1.3180 1.1498 1.1550

rms error 0.0001 - 0.0007 0.0009 0.0014
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Table 3. Comparisons of Nielsen’s and present results

133

Lo  6;=00 ~ 6=300 _ 6,=45.0 ' 6,=60.0
Nielsen Present Nielson Present Nielsen Present Nielsen Present
0.20 1.3970 1.3970 1.3970 1.3970 1.3970 1.3970 1.3970 1.3970
0.15 1.3857 1.3858 1.3681 1.3680 1.3360 1.3355 1.2583 1.3581
0.10 1.4038 1.4039 1.3630 1.3630 1.2964 1.2959 1.1633 1.1634
0.05 1.4917 1.4918 1.4186 1.4190 1.3133 1.3135 1.1361 1.1374
0.01 1.5029 1.5038 1.4211 1.4240 1.3141 1.3180 1.1498 1.1550

ol A EIHE ALK KkE BEmEl AMH
of w& #{kE ebdch dA ERT vhe 3ol
Nielsen 42 #3-" KXeolw, ofoll KT WEMzE=
& Bl A #ErE Kol &g Axco} FEESHA
et o 4= 9t} Table 3ol A HAS A4S 8558
5 SitEel k3 ftel R AV Ehe X(12)
o BaoatBel A wisEEe] AR FERY
A1) K(14) 9] ERo KRN

5. ¥ E

TR #2e) HI SR o] E e BiERd e
BREN ES BNSR —EERE 98 #iTske
FiRe] Em FEEC] ksl BHEE o KR g#Ls
el Rel #rEsY BEE SE] Be
Nielsen(1983) o] fHF3 olU1#] R0 RNEEGTE
ferstd T 20kE WA RfFERe] EFEEI
ol2HH el K& yehlz] 53 Bernoulli #
pHEAY HER uA] REXE Bl o
W HRRS BT oS BET FE HEe)
FEEAT HHXE HEI B BEES P
EURE FAS Hkel % A=A

B 5752 trapezoidal B8 (A slgloH
EARZASS] B8 EHEROZ o) FWr] S &
Frat B HigE ojok & fE#Eo) BRE %)
ELRE FIHE ke Nielsen(1983)¢] f#irg
S RS WESEES TSR BT
BERE MRER ®lF e HEke] (EH=E

BUER S o et GRS HEg o8 7R
Agtfael Hal FrEste] 1 RS s, F
e RSl A9 —FdIe Aoz byl
BERET At Hal fuRsA stsly] Ast

fyo] AW KMEE ®Emste A2 Jelbwdch
A BIEESES FtHol B BBy, EA

o fEx w7 HEd HERDe HEREH FE

9 EEEd e @Eed FAsA AL & ok

o

K BRE HERE BEREEEY Rz
SEXE-L

ZEUMK

A, BRI, LiAN, 1989, JB ol K3 KBl BEE:,
BEEE - BETEGE, £ 1% £ 1581521
Bretschneider, C.L. and Reid, R.O., 1954. Modification of
wave height due to bottom friction, percolation, and
refraction, U.S. Army Corps Eng., Beach Erosion

Board Tech. Memo., No. 45.

Greenberg, M.D., 1978. Foundations of applied mathe-
matics, Prentice-Hall, Englewood Cliffs, N.J.

Hunt, J.N., 1979. Direct solution of wave dispersion equa-
tion, J. Waterway, Port, Coastal and Ocean Div.,
ASCE, Vol. 105, No. WW4: 457-459.

Nielsen, P., 1982. Explicit formulae for practical wave cal-
culations, Coastal Eng., Vol. 6: 389-398.

Nielsen, P., 1983. Analytical determination of nearshore
wave height variation due to refraction shoaling and
friction, Coastal Eng., Vol. 7: 233-251.

Putnam, J.A. and Arthur, R.S., 1949. Diffraction of water
waves by breakwaters, Trans. Am. Geophys. Union,
Vol. 29, No. 4: 481-490.

Svendsen, I.A. and Jonsson, 1.G., 1982. Hydrodynamics of
coastal regions, Tech. Univ. of Denmark.

Wu, C.S. and Thornton, E.B., 1986. Wave numbers of
linear progressive waves, J. Waterway, Port, Coastal
and Ocean Eng., ASCE, Vol. 112, No. 4: 536-540.



