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T h i s  report describe s a uthod t o t  t~~~t i t  ing hind ~~~~~~~~ g r o w t t  and
~le~~ay over flooded areas where there is i major e f f e c t  hot torn fric-
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CU~ V l !:~ I iF. FM1ORS , U.S. CLJ’;TOMAHY iti ‘-I  1 K IC (SI )
[IN t l .  (U ~i~A SIJkl MI~~ F

U. S . cu~.t otna ry w it t s o f i: a- uremeilt dsed in t h i s  report can be converted
to  met n e  (S i )  u n i t s  as t u l l o w .

‘ —— S— a ‘ - . — — _ -_a .5-a— — — . 5. .  - a S~~~~~~~~~~ — n a.. _ —~~

M u l t i p l y  by To obtain
5 a S f lS  a .tS aS.s S S.. • — S  — - .a a s—C S -a Sa-.. SS S

iiidi e . 25. 4 m i l l i m e t e r s
2.54 cetitime t rs

~ i~~lare i tidies 4,~ .152 tea re cent i mete rs
cubic  niche . 16 .39 cubic centimeters

feet 30.48 centimeters
0.3048 m ete r s

squa re feet 0.O9~~’ square r i t u r s
Cli h iC  feet  0.0283 cubic meters

yards 0.9141 met ers

~~~~~~~~~~~ 
yards 0. 834, square meters

cubic yards 0.7646 cubic m e t e r .

r~i ics 1. 6093 k i i o m c t c r s
square m i l e s  259. () h e c t ir e s

knot s 1.8532 kilometers per h i t

acres 0.4047 hectares

foot-pounds 1. 3558 newton . n i t  is

m i l l i b a r s  1.0197 x l0~~ kilograms per s q n ar e  C c f l t i i n e t C a

ounces 28.35 grams

pounds 453.6 grams
0.4536 kilograms

ton , long 1.0160 metr ic  tons

ton , short 0.9072 metric tons

degrees (angle) 0.1745 radians

Fahrenheit degrees 5/9 Celsius degrees or Kelvins ’
— -. aaflfl r~~~n~~~~— fl-fl . 5 -

obtain  Ce ls i  us (C) temperature readings from Fahrenhei t  ~~) readings ,
use fo rmula :  C (5/9) (F —32) .
To obtain Kelv in  (K) readings , usc formula:  K = (5/9) (F -32) + 273. 15.

6
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SYMBOLS AND DEFINITIONS

d water depth

water depth at seaward or beginning edge of segment

F fetch length

adjusted fetch length for distance across a segment in the
direction of wave motion

F9 equivalen t fetch length for the initial wave at the seaward or
beginning edge of the segment

f,. bottom-friction factor (flarcy-Weisbach friction factor)

f
f~ bottom-friction factor at seaward or beginning edge of the

segment

frac t ional growth fac tor of equivalent initi al wave

g gravitationa l acceleration

H wave height

decayed wave height at the end of the fetch

H9 equivalent wave height at the end of the fetch

Hf wave height at end of fetch

Hj wave height at seaward or beginning edge of the segment

Hj9 equivalent initial wave height

maximum stable wave height

Ham maximum s ignificant wave height which would be generated ‘or a
given w indspeed and wa ter depth

decay fac tor

Kf ~~ 
decay factor when the bottom-friction factor, f~ = 0.01

Kfa decay factor when the bottom-friction factor, ff, has a value
different than 0.01

Xe shoal ing coefficient

L wavelength

7

_ _ _ _ _ _ _ _ _- - - --- -~~~~~~~ S . ~~5



SYMBOlS AN t I ( i Ll -  IN I I  I N S--Continued

K: fractiona l reduction of initial wave at the scawad edge of the
segment , as compared to the max imum stable wave height

T wave per iod

(I windspeed

x distance in t he  direction of wave motion

factor for reducing ~‘e tc . l en g t h  to t e ad jus t e~ Iengt .~

factor for increasing fetch length to the adjusted length s

incremental change

act ual distance across a segment in the direction of wave travel
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An i mpor tant  f a c t  i - in  the p l a n n i n g  and de~ i gn i i  w~~r~ S • 0 j~r ot  ec
upland p r o p e r t y  d u r i n g  per iods  of sr  ann surge I n v ( l v e s  the predict ion of
t h e  wa ve he ig ht  and pe r iod  t h a t  w a l l  p r e v a i l  ~ and seaward of -

ect i ye works  ( i . e  • , le v ee , di ke , seawa I 1 , e’ c .) fer  t h e  sd t- ~~ ed design
storm. Although improvements are needed , gui deIine ~ are ava i l a b le  tor
predict ion of t h e  water levels in up l and a re.a- . t a t  W i  II r ectal ~
storm surge ; however , no g u i d e l i n e s  are  pr -sent  ly :iva a l.i~’ Ic or . . r I > i t i ng
the wave attenuation for condi t ions when :a st )rn-f (-r er ,tt ed wave ravels a
distance across a shallow flooded area where the tt om ch.a ract er a . ’ ics in-
clude vegetation which causes - a moderate t ’  hig h t r i ct i ni l str~ ss. There-
fore , i t  is necessary to e s t i m a t e  the  h e i g h t s  and pet iods of ~~av e c  which
have t r ave led  across a shallow flooded area. -\~ t n t  t. ‘he n it ia l heig hts
and periods of the waves ‘lay increase;  i . e .  • wh e t  t h e  m d  st n-~s exceeds
the frictional stress of the ground and veget ation underlying t h e  s h a l l o w
water. The initi a l wave heights may decay at o the r  t imes w~~.-r t tric -
tion al stress exceeds the wind stress.

T h i s  report presents  a ~i’c r~~:.~zr (approximate) method tor estim ating
the  growth or decay of waves t r ave l ing  throug h s h a l l o w  wate r  over areas
w i t h  a hi gh f r i c t i o n a l r e s i s t a n c e  from v e g e t a t i o n . The method is based
on p rev ious ly  developed equa t ions  for w a v e  g rowth  over areas w i t h  low
bot tom f r i c t i o n  g iven  i n  the  Shore Pro tec t i on Manua l Hl”-1) (U.S. A rmy ,
( :orp s of Engineers , Coastal  l n g i n e e r i n g  Resea rch Center , l9 S) 1 , and  an
equation for the decay of gravity waves over areas with a constan t water
depth and high bot tom f r i c t i o n . The method uses existing shallow-water
wave fo r eca s t i ng  curves by a d j u s t i n g  fe tch  lengths  to accoun t for h ighe r
bottom friction . Simplifying assumptions are used. The w a t e r  depth is
assumed to have only gradua l variations , and the frictiona l resi— ’tunce is
treated as bottom friction . The method presented has not been verified
in the field and may not be applicable to other problems relat ing fric-
t ional resistance to wave development.

Only limited data are available at this time on the effects at high
values of bottom f r ic t ion  on w i n d  waves.  F r i c t i o n  fac to r s  are estimated
by comparing vegeta t ion to s i m i l a r  cond i t ions  in  r i v e r  channe ls  and on
flood p la ins . The e f f ec t  of the vegetat ion on wind  s t ress , t he p o s s i b l e
e f f ec t s  of motion of the vegeta t ion , and the dense vegeta t ion e f f e c t s  i .ear
the water surface which will damp out short-period waves much faster than
long-period waves are not. oo~ni de ra - !. The resul t s  obta ined  are considered

‘ U .S .  A RMY, CORPS OF ENGINEERS , COASTAl. I : N ( ; I N E E R I N ( ;  RE SLARG I CENTE R ,
Shore Prot ection M~ izi.aZ, 2d ed. ,  Vols .  I , I I , and I I I , Stock No.  008-022-
00077-1 , U .S .  Government P r i n t i n g  Off ice , Washington , D . C . ,  1975.
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c on s er v  a t  a v e  ; i . e .  , t h e  p r ed i c t ed  w a t t -  he ig hts  are expected to be si iy htly
hi gher t h a n  t he  w a v e  he i ,~L t  s w h i c h  .i~~ t ua l  ly  occur .

~.a v e  p r e d i c t  l a i n  curt  t-S f i r  w a v e s  ;nissing th rouyh  slaal low hater w~a t ’ f t
he I a l t  urn fr  a c t  ion , •

. ~ (I . ( i i  , art’ shown in I i gures I and 2. I or .a ny
gi ~en w i n d  ‘~peeJ , U , and water depth , d , t h er e  s a 1 . 1  ~ i mum (de1-t li-
i i  1 a t  ed ) s i g n  i t i  c an t  w a v e  lie a g u t  , II ... , w h i c h  wou ld  be fel t rat td (long

d.a di l a n e  in  1 a g .  1

Wh ere II :  . t he m i t  t a l  w a v e  h e i g ht  at  t h a - s eaw ard  or beg inn ing  eJ~-
of the f e t c h , as  less  t han  II ,, .. , the  w a v e  w ou l d  i nc rea se  in  h e i g h t
Where t he hot ton fr  i c t ion , 1.. 0. 01 • t h e  Wave w ould  ii - become is h a gh
as a wav e  t r a v e l i n g  over a hut’ . w h e r e  f~

. a (1.1)1 , w1t . t e  segment t e t c h
d i s t ance , .x , be ing t h e  same in 1)0th ca~ cS. ilaerefu’e , an a d j u st e d
f e t c h , I , x , would be used to d e s c r i b e  t !a e  w a v e , using I agures I and
2 which  were developed for t h e  ca se  f o  a ~~~~~~~ I .x cept for s p e c i f i c
wat er dep ths , F igu re s  3 to  12 ( a f t er  SPH~j show the  same r e su l t s  as I igures
I and 2 .

Whe re II .- > lI ~~~, the wave would  decay . As  a v a l u e  of f . 0. 01 w o u l d
c . a u s i -  ;a w a v e  to decay a grea ter  amount than  if i t  w e r e  t r~d- e I i m g  over a
bottom where f

f 
= 0.01 , an ad i i- ~ted f e t ch , I > ‘ x , would he used in

t h i s  case.

The d e t a i l s  of t h i s  method are d i s~ u s st - d  by C a m f i e l d  ( l ~’ ’7) ’

I I  . FET(i l \ j I J t J S I N I : N I

The fe tch  should i n i t i a l l y  be d i v i d e d  i n t o  scgm çnt s so t h at  (a)

0.25 d~ (1)

where Ad is  the change in  depth  over the dis tance  across the  se gn t i i t  in
the d i rec t ion of wave mo t ion , and (I .- i s  t he depth at  t h e  seaward or
beg inn ing  edge of the segment ; (h)

A f ’  < 0 .25 f t’: ( 2)

where A f t - is the change in the  bot t o m - f r i c t i o n  f ac to r  over the  segment
d i s tance ,~ and f~~ is  t he  b o t t o m - f r i c t i o n  fac tor  at  the beg inn ing  edge
of the  segment ; and (c) a f t e r  computa t ion  of t h e  wave h e i g h t  at the  end
of the fetch ,

All < 0 .5 I I -  (3)

where 1.11 is the change i n  the wave hei ght over the segment d i s t ance  and
lI~ is the  wave h e i g h t  at the b e g i n n i n g  edge of the  segment .  Each segment
of the fetch can then be considered separt~te 1y us ing  the method i n d i c a t e d

2 C~~IFIE1j) F . I i . ,  “Wind- W ave Propagation over F l ooded , Vegetated Land , ”
TI’ 77-12 , U . S . Army , Corps of Eng ineers , C o a s t a l  Eng inee r ing  Research
Center , For t  h e l v o i r , Va. , Oct . 1977.
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The bot tom f r i c t i o n , f~’, can be obtained from Fi gure 13 for  a
known type of vegeta t ion . ‘fhe ad jus ted  fetch distance , I- ~, for a
segment dis tance , t x , is then obtained us ing  values of the decay
factor , K.- , from F igure 14 (after Bretschneider , 1954)~~. -th adjust-
rnent facto? a , where H~ < I I~~~, i s  de f ined  as

I -K f ~~ ( 4 )
1 - Kfa

where K.- 01 is the decay factor for a bo t tom-f r ic t ion  factor , f - - 0 .01 ,
and K 1, is the decay factor for the actua l bo t tom-fr ic t ion  factbr . The
adjus tb ~ fetch length , Fa~ is then given as

Fa = I~x - (5)

An adjustment  factor , ap, where I-Lj > ~~~~ is defined as

1 - j a (6)
1 -K f . o1 -

and , for a decaying wave ,

Fa = L~x . (7)

I I I .  WAVE GROWTH

For any given water depth , windspeed , and fetch length , a maximum
significant wave height , Ham, which would be generated can be defined
from Figure 1. If  the in i t ia l  wave height, H~ , at the seaward or
beginning edge of the fetch segment is less than 1I~~ , it is assumed that
the wave w i l l  increase in heigh t .

To find the wave growth , f i r s t  determine an equivalent fetch length ,
F e,  for the i n i t i a l  wave (obtained directly from Fig. 1 using the given
windspeed and water depth) . Secondly, the adjusted fetch , Fa,  is deter-
mined us ing equations (4) and (5) and Fi gure 14. The total  fetch is then
given as

F =  Fe + F a . (8)

Re-enter ing Figures 1 and 2 wi th  the fetch length , F , and the windspeed ,
U , and water depth , d , the wave height  and period at the end of the
fetch segment , H~ and T , are determined ,

3BRE TScHNE ID E R , C .L . , “Modification of Wave Heig ht Due to Bottom
Fr ic t ion , Percolation , and Refraction ,” Th-45 , U.S.  Army , Corps of Engi-
neers , Beach Eros ion Board, Washing ton, D.C., Oct. 1954.
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Figure 13. Bottom-friction factors.
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IV. WAVE DECAY

I f  the i n i t i a l  s i gn i f i c ai~t wave height , at the seaward or beg inn ing
edge of a segment of fetch , exceeds the maximum significant wave he igh t
for the given water depth of the segment of fetch and the given windspeed ,
it may be assumed that  the effects  of the bottom friction will exceed the
effec ts  of the wind s tress.  Therefore , the wave w i l l  decay, w i l l  lose
height , and over a long distance w i l l  approach a wave height  equal to the
maximum s i gn i f i c an t  wave heigh t .

The method of determining the decayed wave height  is shown in  F igure
15. The fo l l owing  steps are used to predict  the decay of a wave :

(a) Determine the maximum significant wave height that
would be generated for a given windspeed and water  depth ,
assuming an uxa l im i ted  fetch and using Figure 1.

(b) Determine the fractional reduction, R~ , repre-
sented by the initial wave at the seaward edge of the
segment of fetch under consideration.

This is given by

R~~ =~~~~~~~~’ (9)
- Horn

where is the maxi mum stable wave heigh t given as

= 0.78 d - (10)

(c) Determine the equivalent initial wave height , IIj,2,
for wave growth by

t1ie = 
~i 

11ern . (11)

(d) Determine the equivalent fetch length, Fe, for the
wave height , Hje .

(e) Determine an adjusted fetch length , Faa for the
segmen t leng th , &, using equations (6) and (7).

(f) Determine the total fetch, F, from equation (8).

(g) Determine an equivalent wave height , H
~, 

for the
total fetch and the given windspeed and water depth .

(h) Calcula te the frac tional growth by

(12)
am

26 

- -—-~~~~~~~~~~~~ — - - - -~~~~ ----~~~~~~~~~~
--— - - --



Mm 

~~~~~~ Rj (M m_H!):M m HI

Mt 
Gj (Mm Msm)

M

~~~

_ _ _  
l
~ ) ®

~~~~~~~~~~~Mi, RjH sm 

_ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Cd’ (f)

Figure 15. Schematic of wave decay calculations .
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(i)  Calcula te  the decayed wave height at the end of the
fetch by

Hr )  = Hm - G~ ~
11m - Ham ) - ( 13)

As a conservative estimate , it is assumed that  the wave period
remains constant as the wave decays .

V. SAMP LE DESIGN PROB LEMS

The following examples demonstrate the use of the techniques d iscussed
in th i s  report in the sciut ion of design problems . Re fe r to the SPM
(U .S.  Army , Corps of Engineers , Coastal Engineering Research Center ,
1975) 1 for other information related to the total design problem ( e .g . ,
wave theory , storm surges , wave setup , wave breaking, runup, e t c 5 ) .

* * * * * * * * * * * - *  * * E XAMP LE PROBLEM ! * * * * * * * * * * * * * *

GIVE N: A wave passes into shallow water over a flooded coastal area.
The water depth , d-j , at the seaward edge of the area is 23 feet
(7 meters) , and at the landward edge of the area the depth is 13 feet
(4 meters) . The distance across the area in the direction of wave
motion is 10,000 feet (3,050 meters) . The wave heigh t , H~ , at the
seaward edge of the area is limited by large sandbars seaward of the
area being considered and is 3 feet (0.91 meter) , and the wave period
is 3.2 seconds . The windspeed is 70 miles per hour (31.3 meters per
second) . The flooded area is covered wi th  thick stands of t a l l  grass.

FIND: The height and period of the significant wave at the landward
age of the segment.

SOLUT I ON:

0.25 d~ = 0.25 (23) = 5.75 feet

Ad = 23 - 13 = 10 feet > 0 .25 d~ -

Since this does not meet the condition of equation (1), the area should
be divided into two fetch segments. Assuming a uniform variation in
depth, take the first segment as a distance Ax = 5,000 feet with  a depth
variation from 23 to 18 feet. Then

Ad = 23 - 18 = 5 feet < 0.25 dj -

At the 23-foot depth (from Fig. 13, curve B),

f
f 

V 0.080

11J.S. ARMY , CORPS OF ENGINEERS, COASTA L ENGINEERING RESEARO-I CENThR ,
op. c i t, ,  p. 9.
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and at the 18-foot depth (curve B),

f
f

= 0.095

~f f = 0.095 - 0.080 V 0.015

0.25 ~~~ = 0.25 (0.080) = 0.020

Af f < 0.25 f f ~ -

Equation s (4) and (5) are satisf ied, so the fetch segment chosen is
used. For a uniformly varying depth, the average depth can be taken
as the average of the depths at the beginning and the end of the seg-
ment; i.e.,

d = 
23 + 18 

= 20.5 feet -

For a uniform type of vegetation, the friction fac tor w ill vary as a
function of water depth (see Fig. 13). As an approximation , the
average friction factor can be taken as the average of the friction
factors at the beginning and the end of the segment; i.e.,

0.080 + 0.095f~ = _____________ V 0.088 -
2

For d = 20.5 feet , H = 3 feet, and U = 70 miles per hour (102.7 feet
per second) ,

(102.7) 2 = 0.0626

= 
32.2 x ~ = 0.00916

U2 (102.7) 2

and from Figure 1

12.2

F• = 12.2 !~- - 12.2 (1~~~~~~2 
= 4,000 feet -

For f f  0.01,

ff lLj Ax 0.01 x 3 x 5 ,000
d2 20.52 

— — 0.357

for f f  = 0.088,

1: 
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ff Hi Ax 0 . 0 8 8x 3x 5 ,000
d2 

— 20.5 2 = 3.14

For the period , T = 3.2 seconds , and d = 20.5 feet ,

2i~d 2i~ (20.5)
= 

32 .2 (3 .2j ~~ 
= 0.39 1

For 2 i id/ (gT 2 ) 0.39 1 ( from Fig .  14)

Kf0 1  = 0.996 for f
f 

- 0.01 and ff  Hj  Ax/d 2 = 0.357

Kfa = 0.965 for ff = 0.088 and f
f 

H~ Ax/ d2 = 3.14 -

From equation ( 4 ) ,

ci 
1 - Kf.o1 

= 
1 - 0.996 0.004 

= 0 114 -

1 - Kfa 1 - 0.965 0.035 -

from equation (5),

Fa = a Ax = 0.114 (5,000) 570 feet

from equation (8),

F = F,, + Fa — 4,000 + 570 = 4,570 feet

For d = ..0.5 feet , U = 70 miles per hour, and F = 4,570 feet (from
Figs . 1, 2 , or 6)

Hf 
2 3.17 feet and T 3.31 seconds

= 3.17 - 3 V 0.17 foot < 0.50 H~ -

This satisfies the requirements of equation (3), and the solution may
proceed to the next segment which is the remaining 5,000 feet of the
area, w ith the wa ter depth varying from 18 to 13 feet.

0.25 d~ 0.25 (18) — 4 .5 feet -

Since Ad - 18 - 13 - 5 feet > 0.25 dj, wh ich does not satisfy equation
(1) , a shorter segment is required. For a 3,000-foot segment, assuming
a imiform depth variation, the depth will vary from 18 to 15 feet.
For the 15-foot depth (using curve B in Fig. 13)

f
f 

• 0.120

f f ~ = 0.095 at the 18-foot depth as previously shown.

~~~f
f 

• 0.120 - 0.095 = 0.025 0.25 f
f

~~ -

30

- . - - 

- - 
— — - — - - - - - - - 

~~~- a —. 
— -



This  s a t i s f i e s  equation (2)  and the solut ion may proceed. The average
depth , d = 16.5 feet , and the average friction factor , fe  = 0.108. For
d = lb .5  feet and Hj  V 3.17 feet ( from Fig .  1) .

= 5 ,400 feet

for d = 16.5 feet , H~ = 3.17 feet , fe  = 0.108 , t x  = 3,000 feet , and I
= 3.31 seconds (from Fig. 14),

2i~d—.—
~
- c  0.294

gT

Kf.o1 = 0.988 for fç~ = 0.01 and f
f 
H~ Axfd

2 = 0.349

Kfa 
-=  0.88 for ff = 0.108 and f

f 

H~ Ax/d2 3.77

Us ing equation (4) , ci = 0.1 and

Fa = ci Ax = 0.1 (3,000) = 300 feet

F = Fe + Fa = 5,400 + 300 = 5,700 feet

For d = 16.5 feet (from Figs . 1 and 2),

Hf = 3.27-feet and T = 3.41 seconds -

The remaining 2,000 fee t of the fetch can then be treated as a third
segment. The average depth , d V 14 feet , and the average friction
factor is ff = 0.13.

For d = 14 feet and Hq = 3.27 feet (from Fig. 1),

Fe = 7,200 feet

for d = 14 feet, H~ - 3.27 feet, ff 0.13 (from F ig. 13)

Ax 2,000 feet, T = 3.41 seconds, and 2iid/(gT’) = 0.235

Kf01 = 0.98 for ff = 0.01 and ff Hj  Ax/d2 = 0.334

Xfa 080 for f
f 
- 0.13 and ff I-Ij Ax/d2 = 4.34 -

Using equation (4), ci - 0.1 and

Fa — a Ax = 0.1 (2,000) — 100 feet

F Fe + Fa = 7,200 + 200 — 7,400 feet -

For d - 14 feet, U - 70 miles per hour, and F = 7,400 feet (from Figs .
1 and 2)

3’
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p

H1 = 3.34 feet and I = 351 seconds -

NUll . - -For  a sandy bottom , f1 = 0.01 , the wave would have inc reased to a
he igh t  of approximately  4 . 2 6  feet, a 42-percent increase from the
i n i t i a l  wave he ig ht of 3 fee t .  For th ick  stands of ta l l  grass , the
predicted increase in wave height is on ly 11 percent using the approx-
imate method of solution discussed in this report .

* * * * * * * * * * * * * * * EXAMPLE PROBLE M 2 * * * * * * * * * * * * *

GIV I - N :  A coastal  area is flooded by a storm surge so that  the water depth
over the area is 10 feet (3.05 meters) .  The actual  fetch across the
area , in the direction of wave trave l , is 3,000 feet (914 meters) . The
area is covered wi th  thick stands of t a l l  grass and a small to moderate
amount of brush or low , bushy trees in an even distr ibution . The wind-
speed is 90 miles per hour (132 feet per second or 40.2 meters per
second) and the in i t ia l  wave height at the seaward edge of the area is
6 feet (1.83 meters) ; the wave period is 4.5 seconds .

FIND:  The decayed wave height at the end of the fetch .

SOLUTION: From the long dashline in Figure 1, for the windspeed of 90
miles per hour and the water depth of 10 feet ,

= 
32.2 x 10 

= 0.0185
U 2 (132) 2

giving (at the intersection of the above line wi th  the long dashline)

0.0075

so that the maximum significant wave height

0.0075 1J 2 0.0075 (132) 2
‘1om g = 32.2 = 4.1 feet

From equation (10) ,

= 0.78d V 0.78 (10) = 7.8 feet

and from equation (9) , the fractional reduction is

_____ 7 . 8 - 6
- - — . 0.486

tin Hem 7.8-4.1

From equa tion (11), the equivalent initial wave height

H ie Rj Hem 0.486 x 4.1 • 1.99 feet

from Figure 1, for

32

-
~~~~~~~~

--— --5.- .5 - - 5 - — —-  —..
~~~,----

.. -—- 
•

______________________________________________________________________________ ____________



32.2 (l.99j 
0.00368

(132)2

and

L = 0.0185

the fetch is given by

gF
— =  1.4 -

U2

F = 760 feet for the 90-mile per hour windspeed , so that the equivalent
fetch

Fe = 760 feet -

The vegetation does not match any of the curves in Figure 13, but f a l l s
between curves B and C. Assuming that a moderate amount of brush w i l l
give a friction effect  about halfway between the two curves , from curve
B , where d = 10 feet , f f  = 0.20 , and from curve C , where d = 10 feet ,

= 0.485. The bottom frict ion is then take” , in this case , as the
a~ierage of the two va lues

0.20 + 0.485
= 

2 
= °~~~‘-~ -

For ff = 0.01 ,

ff H~~ Ax 0.01 x 6 x 3,000 
= 1 8  -

d2 — 
102 -

for ff = 0.343 ,

ff H~ AX 0.343 x 6 x 3,000 
= 61 7 -

102

for T - 4 .5 seconds and d = 10 feet ,

2it d 
_ 
2t (10) 

= 0.096
gT2 g (4.5)2

From Figur. 14,

Kf 0 1  - 0.80 for ff = 0.01 and ff H~ Ax/d
2 = 1.8

Kfa • 0.105 for ff = 0.343 and ff H~ Ax/d2 = 61.7
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From equation (6) ,
l Kf0 1 0.105 0.895

ur = = 4 .48
I - K

101 
1 - 0.80 0. 20

from equation (7) ,

F0 = Ax = 4.48 (3,000) = 13,440 feet

( i . e . ,  the wave decay over 3,000 feet of t a l l  grass w i t h  some brush
is equal to the wave decay over 13,440 feet of a sand bottom for this
water depth and windspeed) .

The total fe tch from equation (8) is

F = Fe 4- F0 = 760 + 13,440 = 14,200 feet.

For a windspeed of 90 miles per hour and a fetch of 14,200 feet (from
Fig. 1)

= 0.0185 (as previously determined)

= 
32.2 x 14 ,200 

= 26 24U2 (132)2
giving

gil
— = 0.0071 -U’

From wh i ch the equiva l en t wave height ,

= 
0.0071 U 2 

= 
0.0071 (132)2 

= 3.84 feetg 32.2

From equation (12) , the fractional growth is

= 1. = ~~~ = 0.937 -

Hem 4.1

The decayed wave height is then given by equation (13) as

HD = - G~ (I%~ - Hem) 7.8 - 0.937 (7.8 - 4.1) = 4.33 feet

At the end of -the fetch segment, the wave height and period are
approxi ted by

HD = 4.33 feet

T - 4.5 seconds .

* e  * ** * * *  * *  * * * * *  * * *  * *  * * * *  * * *  * * * *  * * *  * * *
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