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GENERAL WAVE SPECTRUM MODEL 

1 , 0 G e n e r a l 

In many e n g i n e e r i n g p r o j e c t s a m a t h e m a t i c a l d e s c r i p t i o n 
o-f t h e s i t e s p e c i f i c wave d a t a i s n e c e s s a r y . As t h e 
s p e c t r a l a p p r o a c h i s g a i n i n g g r o u n d i n t h e c a l c u l a t i o n 
o f wave f o r c e s , h a r b o u r t r a n q u i l l i t y , e t c . t h e d e s i g n e r 
needs a f l e x i b l e m a t h e m a t i c a l d e s c r i p t i o n o f t h e wave 
s p e c t r u m . 
I n t h e p r e p a r a t i o n o f wave f l u m e t e s t s an a c c u r a t e 
d e s c r i p t i o n o f t h e s p e c t r u m o b s e r v e d l o c a l l y i s o f 
g r e a t i m p o r t a n c e as w e l l . 

The t h e o r e t i c a l s p e c t r a t h a t a r e d e s c r i b e d i n t h e l i t e 
r a t u r e s u c h as P i e r s o n - M o s k o w i t c h C 1 3 , Jonswap C2D, 
S a n d e r s C33 and T.M.A. C4D do n o t p r o v i d e t h e r e q u i r e d 
f L e x i b i 1 i t y t o model l o c a l l y measured wave s p e c t r a . 
E x c e p t f o r t h e i r s p e c i f i c r a n g e o f a p p l i c a t i o n , f u l l y 
grown s e a a t deep w a t e r f o r t h e P-M s p e c t r u m , d e v e l o 
p i n g s e a f o r t h e Jonswap o r S a n d e r s s p e c t r u m and s e a i n 
s h a l l o w w a t e r f o r t h e TMA s p e c t r u m , t h e t h e o r e t i c a l 
s p e c t r a l form i s s e l d o m s i m i l a r t o t h e measured d a t a a t 
a s p e c i f i c s i t e . 

I n t h i s r e p o r t t h e a p p l i c a t i o n o f t h e g e n e r a l wave 
s p e c t r u m , t h a t was d e v e l o p e d a t t h e d e s i g n o f t h e s t o r m 
s u r g e b a r r i e r i n t h e E a s t e r n S c h e l d t C5D, i s d e s c r i b e d . 
T h i s s p e c t r u m model has been u s e d i n s e v e r a l o t h e r 
p r o j e c t s s u c h as t h e c a l c u l a t i o n o f t h e wave l o a d on 
t h e I J m u i d e n s e a l o c k C8D, t h e d e s i g n o f a h a r b o u r i n 
I n d i a and t h e r e d e s i g n o f t h e C l o s u r e d i k e Z91• He r e 
i t s e a s e o f a p p l i c a t i o n was p r o v e n and e x p e r i e n c e was 
g a i n e d a s t o t h e v a l u e s o f t h e p a r a m e t e r s i n s p e c i f i c 
c a s e s . 
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2.0 The g e n e r a l wave s p e c t r u m model 

The g e n e r a l wave s p e c t r u m , o r i g i n a l l y d e v e l o p e d i n t h e 
d e s i g n o f t h e E a s t e r n S c h e l d t B a r r i e r t o model s w e l l , 
p r o v e d v e r y u s e f u l i n c o a s t a l e n g i n e e r i n g d e s i g n p r o 
j e c t s a t v a r i o u s s i t e s i n t h e w o r l d . 
I t i s a b l e t o d e s c r i b e t h e s p e c t r a l form o f w i n d wave 
s p e c t r a , s w e l l s p e c t r a and s h a l l o w w a t e r wave s p e c t r a 
q u i t e a c c u r a t e l y . 
The g e n e r a l wave s p e c t r u m t h a t i s one d i m e n s i o n a l , 
m a t h e m a t i c a l l y e x p r e s s e d as f o l l o w s : 

i s 

l e f t f l a n k 
2 -4 -(m+n> m 

S ( f ) = « g ( 2 n ) f f 0 < f < f 
p P 

r i g h t f l a n k : 

2 -4 -n 
S ( f ) = oc g (2 n) f f <= f < f 

p h 

where a = f ( H , f , f , m , n > 
s p h 

f = peak f r e q u e n c y 
P 

f = c u t o f f f r e q u e n c y = q f 
h P 

m,n = f o r m p a r a m e t e r s 

g = a c c e l e r a t i o n due t o g r a v i t y 

ft d e f i n i t i o n s k e t c h i s g i v e n i n F i g . l . 
The e x p r e s s i o n s f o r « and t h e moments o f t h e g e n e r a l 
wave s p e c t r u m a r e e a s i l y e s t a b l i s h e d . 

The e x p r e s s i o n f o r « t h a t i s needed i f t h e s p e c t r a l 
f o r m h a s t o be h i n d c a s t e d f r o m t h e s i g n i f i c a n t wave 
h e i g h t and t h e peak f r e q u e n c y , r e a d s : 

2 ( n - l > 
H <n -1) ( f f > 
s h p 

2 (n-1) <n-l) 
16 g (2 rt) <(n+m)/(m+l> f - * > 

h p 

2 



5.00 I 
4.50 L 
4.00 
3.30 . 

3.00 

2.50 
2.00 

1.50 

1.00 

0.50 

/in)* 

t 

I 
I I I — I 1 1 1 1 1 1 1 

0100 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 
frequency [Hz] 

F i g 1 The d e f i n i t i o n s k e t c h o f t h e g e n e r a l wave 
s p e c t r u m 

The e x p r e s s i o n f o r t h e x - t h s p e c t r a l moment i s r e a d i l y 
d e r i v e d f o r t h e g e n e r a l s p e c t r u m . The x - t h s p e c t r a l 
moment i s d e f i n e d a s . 

m S ( f ) d f 

0 

The r e s u l t o f t h e i n t e g r a l , t h a t c a n be s o l v e d a n a l y t i 
c a l l y , i s : 

2 -4 
rx a (2 n) (n+m) - (n- x - 1 ) - (n-x-1) 

m . < f - f > 
« <n-x-l> <m+x+l> P h 

On t h e b a s i s o f t h i s r e s u l t t h e mean z e r o - c r o s s i n g 
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p e r i o d and t h e mean p e r i o d b e t w e e n maxima c a n be e v a l 
u a t e d : 

= < m / 
0 

0.5 
m > 
2 

T = < m / 
m 2 

0.5 
m > 

A s i m p l e b u t p r a c t i c a l measure o f t h e s p e c t r a l w i d t h 
i s t h e Tp / Tz r a t i o , w h i c h c a n a l s o be c a l c u l a t e d as a 
f u n c t i o n o f t h e s p e c t r a l f o r m f i x e d by m,n and q (see 
A p p e n d i x I) 
The Tp/Tz r a t i o g i v e s a q u i c k i m p r e s s i o n o f t h e 
s p e c t r a l w i d t h . 

The f o r m a l e x p r e s s i o n f o r t h e s p e c t r a l w i d t h €, t h a t i s 
f r e q u e n t l y m e n t i o n e d i n t h e l i t t e r a t u r e i s a f u n c t i o n 
o f m,n and q, v i z . : 

2 
m 
2 0.5 

e = < i - > 
m m 
0 4 

The c o m p u t e r p r o g r a m MOMENT.PAS, t h a t c a l c u l a t e s t h e 
p r a c t i c a l measure o f s p e c t r a l w i d t h Tp/Tz and t h e f o r 
mal s p e c t r a l w i d t h p a r a m e t e r € a s a f u n c t i o n o f m,n and 
q i s g i v e n i n A p p e n d i x I I 

T 2 
m 0.5 

= < 1 - ( ) > 
T 

• 
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3.0 The e s t i m a t i o n o-f t h e form p a r a m e t e r s o f t h e gene
r a l wave s p e c t r u m 

F o r a s p e c i f i c p r o j e c t t h e s p e c t r a l f orm has t o be 
e s t a b l i s h e d a f t e r a t h o r o u g h a n a l y s i s o f t h e wave c l i 
mate. The a n a l y s i s h a s t o p r o v i d e t h e e v i d e n c e t h a t t h e 
wave s p e c t r u m d u r i n g a s p e c i f i c s e a s o n ( e.g. S o u t h 
West monsoon ) o r f o r a t y p i c a l t y p e o f s t o r m shows 
s i m i l a r i t y f o r a number o f o c c u r r e n c e s . I f a c l a s s o f 
s i m i l a r s p e c t r a i s i d e n t i f i e d on e m p i r i c a l and p h y s i c a l 
b a s i s , t h e form c a n be d e s c r i b e d by t h e g e n e r a l wave 
s p e c t r u m model. 

I n a p r a c t i c a l c a s e t h e powers m and n a r e e s t i m a t e d by 
a r e g r e s s i o n a n a l y s i s o f t h e n o r m a l i s e d l e f t and t h e 
n o r m a l i s e d r i g h t f l a n k o f a number o f measured s p e c 
t r a from t h e same c l a s s . 

The t h e o r e t i c a l s p e c t r u m i s n o r m a l i s e d by a d i v i s i o n by 
t h e s p e c t r a l peak v a l u e S ( f ) : 

P 

I f t h e l e f t f l a n k i s d e f i n e d a s : 

2 -4 -<m+n> m 
S ( f ) = « g ( 2 n ) f f 0 < f < f 

P P 

The n o r m a l i s e d l e f t f l a n k r e a d s : 

m 
S(f> f = < > 
S ( f ) f 

P P 

I f t h e r i g h t f l a n k i s g i v e n by: 

2 -4 -n 
S ( f ) = « g (2 n> f 

The n o r m a l i s e d r i g h t f l a n k r e a d s : 

-n 
S(f> f 

= { > 
S ( f > f 

P P 

f < = 
P 

f < f 



The s i m p l e r e s u l t i s t h a t s p e c t r a l v a l u e s < f , S ( f ) > 
c a n be n o r m a l i s e d by d i v i d i n g t h e f r e q u e n c y by t h e peak 
f r e q u e n c y and t h e s p e c t r a l v a l u e by t h e s p e c t r a l peak 
v a l u e . 

The n o r m a l i s e d v a l u e s o f s e v e r a l m e asured s p e c t r a a r e 
s p l i t i n a l e f t and a r i g h t f l a n k and c o n s e q u e n t l y 
c o l l e c t e d p e r f l a n k . 
The v a l u e s o f m and n a r e e s t a b l i s h e d by a r e g r e s s i o n 
a n a l y s i s on t h e n o r m a l i s e d l e f t f l a n k and t h e norma
l i s e d r i g h t f l a n k d a t a s e t r e s p e c t i v e l y . 
ft f o r m o f f o r c e d r e g r e s s i o n i s p r e f e r r e d however as t h e 
c o e f f i c i e n t a has t o be e q u a l t o 1.0 w h i l e t h e 
e x p o n e n t b i s c h o s e n t o m i n i m i s e t h e r e s i d u a l s t a n d a r d 
d e v i a t i o n a r o u n d t h e r e g r e s s i o n e q u a t i o n . 

b 
y = a x where a = 1.0 

An e x a m p l e o f t h e f i t t i n g p r o c e d u r e p e r f o r m e d w i t h t h e 
c o m p u t e r p r o g r a m L I N F I T . P A S i s g i v e n i n t h e F i g u r e s 2 
and 3 . 
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REGRESSION ANALYSIS l e f t f l a n k ** VJ . U . . M v a * x 

A n a l y s i s o f 28 d a t a p o l n t s 

The f i t t e d f u n c t i o n i s : 

Y := 0.963 « X" 7.000 

St. d e v i a t i o n of e s t i m a t e = 0.123 
Max.deviation o f e s t i m a t e = 0.333 

F I T T I N G THE L E F T FLANK OF THE MONSOON 
SPECTRUM 



REGRESSION ANALYSIS r i g h t f l a n k 

A n a l y s i s of 50 d a t a p o i n t s 

The f i t t e d f u n c t i o n i s : 

Y := 0.994 « X" -3-500 

S t . d e v i a t i o n of \ 
Max.deviation o f estimate 

0.065 
0.293 

3 . F I T T I N G THE RIGHT FLANK OF THE MONSOON 
O SPECTRUM 



4.0 A c o m p a r i s o n o f t h e g e n e r a l wave s p e c t r u m w i t h t h e 
P-M s p e c t r u m , t h e S a n d e r s s p e c t r u m and t h e Jonswap 
s p e c t r u m 

One o f t h e f i r s t e x p r e s s i o n s f o r a wave s p e c t r u m was 
g i v e n by P i e r s o n and M o s k o w i t z C13: 

S ( f ) 
PM 

2 - 4 - 5 5 f "4 
f exp< < > > 

4 f 
P 

« g (2 IT) 

T h i s s p e c t r a l f orm was o b s e r v e d on t h e N o r t h A t l a n t i c 
o c e a n f o r f u l l y grown o c e a n waves. 

D u r i n g t h e Jonswap e x p e r i m e n t s c a r r i e d o u t a t t h e N o r t h 
Sea i t was f o u n d t h a t t h i s e x p r e s s i o n d i d n o t f i t t h e 
s p e c t r a o b s e r v e d d u r i n g i d e a l g e n e r a t i o n c o n d i t i o n s . 
F o r t h e s e c o n d i t i o n s a b e t t e r f i t was r e a c h e d i f a peak 
enhancement f a c t o r was added t o t h e P-M e x p r e s s i o n - . 

S (f> = S <f> 
J PM 

( f - f ) 
exp< > 

2 a f 
P 

where t , c = f o r m p a r a m e t e r s 

I t s h o u l d be n o t e d t h a t t h e t y p i c a l p o s i t i o n o f t h e P-M 
s p e c t r u m and t h e J - s p e c t r u m a l o n g t h e f r e q u e n c y a x i s 
d i f f e r s c o n s i d e r a b l y f o r e q u a l s i g n i f i c a n t wave h e i g h t . 
The s t e e p n e s s Hs / Lp f o r t h e P-M s p e c t r u m i s e q u a l t o 
2.55 % w h i l e t h i s v a l u e i s 4 t o 5 % d e p e n d i n g on t h e 
f e t c h l e n g t h f o r t h e J - s p e c t r u m . 

From a v i s u a l c o m p a r i s o n o f t h e g e n e r a l s p e c t r u m model 
and t h e P-M-spectrum i t a p p e a r s t h a t t h e b e s t f i t i s 
f o u n d f o r m = 7 and n = 4 < s e e F i g . 4 . ) 
The form o f t h e J - s p e c t r u m i s b e s t a p p r o x i m a t e d i f m 
and n a r e c h o s e n 8 and 5 r e s p e c t i v e l y ( s e e F i g . 5 . ) 
W i t h t h e s e v a l u e s f o r m and n t h e S a n d e r s s p e c t r u m i s 
a l s o w e l l r e p r e s e n t e d ( s e e F i g . A ) . 

9 



F i g . 4 The c o m p a r i s o n between t h e P-M s p e c t r u m and 
t h e g e n e r a l s p e c t r u m w i t h m • 7 and n = 4; 
The wave s t e e p n e s s d e f i n e d on deep w a t e r 
Hs/Lp = 2.55% 

5 The c o m p a r i s o n b e tween t h e Jonswap s p e c t r u m and 
t h e g e n e r a l s p e c t r u m w i t h m = 8 and n = 5; 
The wave s t e e p n e s s d e f i n e d on deep w a t e r 
Hs/Lp = 5.0% 

10 



6 The c o m p a r i s o n b e tween t h e S a n d e r s s p e c t r u m 
and t h e g e n e r a l s p e c t r u m w i t h m * 8 and n = 
5 ; The wave s t e e p n e s s d e f i n e d on deep w a t e r 
Hs/Lp = 5.0% 

r " " I 

(roquencg CHz] 

7 The f i c t i t i o u s d o u b l e p e a k e d s p e c t r u m f o u n d 
by a d d i n g t h e g e n e r a l s p e c t r u m w i t h f p * 0.1, 
m » 7 and n • 3.5 f o r monsoon waves and t h e 
g e n e r a l s p e c t r u m w i t h f p * 0.2, m • 7 and n = 
3.5 f o r w i n d waves 
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m n Tp/Tz € Hs/Lp 

8.0 5.0 1 .26 0.68 0.05 
8.0 4.0 1 . 40 0.75 0.026 
4.0 2.5 1 . 80 0.79 0.03 
5.0 6.5 1 .08 0. 57 0.002 
7.0 3.5 1 . 56 0.77 0.01 

5.0 P r a c t i c a l e x p e r i e n c e 

I n a number o f p r o j e c t s e x p e r i e n c e h a s been g a i n e d w i t h 
t h e a p p l i c a t i o n o f t h e g e n e r a l wave s p e c t r u m . 
The t a b l e g i v e s v a l u e s f o r m and n f o r a number o f wave 
c l i m a t e s o b s e r v e d i n p r o j e c t s . These v a l u e s c o u l d p r o 
v i d e some g u i d a n c e i n f u t u r e p r o j e c t s , b u t s h o u l d n o t 
be a c c e p t e d as a l a w , 
A l s o t y p i c a l v a l u e s f o u n d i n p r e v i o u s p r o j e c t s f o r t h e 
s p e c t r a l w i d t h and t h e wave s t e e p n e s s , d e f i n e d on deep 
w a t e r , a r e g i v e n 

t y p e 

d e v e l o p i n g s e a 
f u l l y grown s e a 
s h a l l o w w a t e r s w e l l 
deep w a t e r s w e l l 
monsoon 

U n t i l l now o n l y s i n g l e p e a k e d s p e c t r a h a v e been c o n s i -
d © P © d . 
In some c a s e s d o u b l e p e a k e d s p e c t r a a r e f o u n d . T h i s i s 
m o s t l y s e e n where new w i n d waves grow on t o p o f a 
T h e ^ s w e l l may be r e p r e s e n t e d by a f i e l d o f waves b r o k e n 
due t o l i m i t e d d e p t h ( s h a l l o w w a t e r s w e l l ) o r by wave 
e n e r g y t h a t o r i g i n a t e s from d i s t a n t wave f i e l d s and 
t h a t r e a c h e s t h e s i t e a f t e r c o n s i d e r a b l e d i s p e r s i o n . 
I n b o t h c a s e s new waves w i t h a s h o r t e r peak p e r i o d may 
grow on t o p o f t h e s w e l l u n d e r t h e i n f l u e n c e o f l o c a l 
w i n d . . ,, 
Two e x a m p l e s a r e t h e wave s p e c t r a o b s e r v e d i n t h e 
E a s t e r n S c h e l d t and t h e wave s p e c t r a t h a t a r e measured 
a l o n g t h e I n d i a n c o a s t d u r i n g t h e NE-monsoon. I t s h o u l d 
be n o t e d t h a t i n t h e s e c o n d e x a m p l e t h e d i r e c t i o n o f 
s w e l l and w i n d waves may be t o t a l l y d i f f e r e n t . 

These d o u b l e p e a k e d s p e c t r a a r e e a s i l y m o d e l l e d by 
ado!ng two g e n e r a l wave s p e c t r a w i t h d i f f e r e n t peak 
p e r i o d s and o t h e r p a r a m e t e r s . 

S ( f ) = S ( f , f ) + S ( f , f ) 
s p i w p2 

A o l o t o f a f i c t i t i o u s d o u b l e p e a k e d s p e c t r u m t h a t 
d e p i c t s a young s e a (m = 8, n = 5) d e v e l o p i n g on t o p o f 
a monsoon wave f i e l d (m = 7, n = 3 . 5 ) , i s p r e s e n t e d i n 
F i g . 7. 
The e x i s t e n c e o f a wave s p e c t r u m i n a m a t h e m a t i c a l l y 
t r a c t a b l e f o r m a s d e s c r i b e d above f a c i l i t a t e s t h e ap
p l i c a t i o n o f t h e s p e c t r a l a p p r o a c h f o r l i n e a r phenomena 
as d i f f r a c t i o n o r wave f o r c e s on s t r u c t u r e s . 
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The p r i n c i p l e o f t h e s p e c t r a l a p p r o a c h i s g i v e n i n F i g . 
8. 

0.04 0.1 O.tf 0-2 0J» 

1.11 
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•ount.pas biz. 1 

PROGRAM SPECTRAL.riOHEMT_CALClh.AT ION (INPUT, OUTPUT): 

USES Crt,«athLib; 

CONST 
S « 9.SI; 

VAR 
x : INTEGER; 
aHa, 
* J > . 

L", 
qi 
». 
n, 
M i 
M i 
M i 
T.J, 
T_«, 
LP. 
T.p.T.z.ratio, 
epsilon : REAL; 

FUNCTION Spectral .Mount <x: INTEGER; aHa, I, n, T.p.i.h: REALhRLAL; 

VAR 

Constant,Hulpl,Hulp2 : REAL; 

BEGIN 
Constant := aHa * SQR(6/SBR(2*pi)); 
Hulp! := n-x-1; 
Hulp2 := (n+«)/<(•+x+ll*(Hulpl)); 
Spectral Mount l« Constant*! Hulp2* Power H_p,-Hulpl> 

- Powr(i.h,-Hulp!)/Hu!pl); 
END; 

BEGIN 
aHa :-- 1.16194; 
q I" S.I; 
*.P l * 
f_h := q * f_P5 

HRITELNC H , N ? ');READLN(i,n); 

IF ABS(n - 5.8K 8.81 THEN n := 4.99; { to prevent division by 

H i := Spectral_Hount(B, aHa, n.n.t.p^.h); 

H_2 := Spectral .Mount (2, aHa, •,n,f_p,T_h); 

M_4 := Spectral .Mount (4, aHa, •,n,f.PtL n )i 

http://SPECTRAL.riOHEMT_CALClh.AT


aoient.pas bl: 

T.z : = S0RT(H.I/H.2)i 

l . i S8RHH_2/H_4); 

T_p_T_:_ratic :=l/(t_p*F_z); 

Mil ion := S&RTil- H.2*«.2/M/H.*); 

URIf£LN<' T.p/T_: = f_p_T_z.ratio:18:3); 

IRITEINC 6 « ,epsiion:18:3>; 

REAQLN; 
END. 



spectra.pas bl 

PROGRAM Spectrahnput,output); 

USES Printer,Lrt,6raph,MathLib,PlotLib; 

CONST 
MAX « 2B; 

TYPE 

ARY = ARRAY[1..MAX] Of- REAL; 

VAR 
Anr.wrr : CHAR: 
NAAC,JoQNaie : STRINGE3U3; 
1,N : INTEGER; 
M P , 
Sp aax,Sp_ain, 
Hŝ  
M_spectrui,N_spectruii, 
AHa.PM,AHa"j,AHa_S,AHa.H,Alfa.G, 
hulp,hulpl,hulp2:REAL; 
Frequency,Sp : ARY; 

PROCEDURE GET DATA< VAR N : INTEGER ; VAR I,Y : ARY ; 
VAR Y_§ax,Y__in : REAL); 

CONST 
0 • 18e5: 

VAR 

1 : INTEGER; 
Dutayl, 

Duiiy2,Dutty3 : RE At.: 

BESTAND : TEXT; 

PROCEDURE HaxHin.Vf V -.REAL ;VAR V.tax,V_«in :REAL); 
BEGIN 

IF V > V_tax THEN V_.ax := V; 
IF V < V'iin THEN V_«in := V; 

END; 

BEGIN 
Y_iax := - C ; Y_.in := 8; 
cfrScr; 
MRITECNAME OF INPUT FILE ? '); 
READLN(NAAM); 
Hs«t|. 
ASSieN(BESTAND,NAAH); 
RESET(BESTAND); 
READLN(BESTAND,JobNaie); 
RLADLN(BESTAND,Hs); 
READLN(BESTAND,Fp); 



spectra.pas biz. 

READLN(B££TANy,N); 
FOR i :« 1 TO N DO 

BEGIN 

READLM!BESTAND,X[13,v::]ii 
6otoIV(3l,4);W»T£(i:3,VII)sll:3>i 
Haxlljn_VJV[13,V_i*x,V_tin)j 

END; 
END; 

PROCEDURE PARA«ETE&.Pierson_H(hs,FP:KEAL;VAR AH a: REAL;; 
CONST 

CST= 8.861621b; { gA2/ 2p:'"4 ) 
N = 5: 

VAR 
HI,H2 :REAL; 

BEGIN 
HJ := N * Poweri FP ,(N-D); 
Alfa:= SQfl(ns)/(16»CST) *H1; 

END;(PARAMETER} 

PROCEDURE PARAMETER.Jonswap(Hs,F P: REAL; VAR AHa:REAL); 
CONS: 

CST= 8.8616215; ( gA2/ 2piA-4 ) 
qaiia * 3.3; 
N =5; 

VAR 
H1,H2 :REAL; 

BEGIN 
HI := Power( Fp ,<N-11); 
H2 : = 1.865 * Powerigana,8.883) • 8.135; 
AHa:= SllR(Hs)/(16»CST) *H1/(H2); 

END;(PARAMETER) 

PROCEDURE PARAMETER.Monsoon(Hs,FP:REAL;VAR AHa:REAL); 
CONST 

CST= 8.8616215; { gA2/ 2piA-4 } 
FM = 8.5; 
M = 7.8; N * 3.5; 

VAR 

, H1,H2 ".REAL; 

BEGIN 
HI := (N-D* Power( FH*FP ,(N-1)>; 
H2 := (N+M)/(M+l)tPower(FM,(N-l)) - Power(FP,(N-l)); 
AHa:= SQR(Hs)/(16»CST) tHl/(H2); 

END;(PARAMETER} " '•-
PROCEDURE PARAMETER_Sanders(Hs,fP:REAL;VAR AHa:REAL); 



spectra.pas biz 3 

CONS" 
CST- M61621b; ( 9*2/ 2piA-4 ) 
gaaaa - 0.75; 
N « 5; 

m 
H1.H2 :REAl_; 

BEGIN 
HI := (N-li* Power* FP ,(N-li); 
H2 := 3 - 2*ga§ia; 
Alfa:> S»(Hs)/UofCSTl §H1/(H2); 

END;{PARAMETER/ 

PROCEDURE PARAMETER General (H,N,Hs,FP:REAL;VAR AHa:REALk 
CONST 

CST= 8.8616215; { gA2/ 2piA-4 } 
FH - 8.5; 

VAR 
H1,H2 :REAL; 

BEGIN 
HI : = (N-l>* Power* FHtFP ,(N-1)>; 
H2 := (N+M>/(H+i)*Power!FM,(N-l>) - Power<FP,<N-l>>; 
AHa: = S8R(Hs)/<i6*CSl) *H1/(H2;; 

END;{PARAMETER/ 

FUNCTION Psersor._M_Spectrui({,Tp,aita :REAL):REA_; 

CONST 
{ aHa =B.88B1; original value } 

CST = 8.8616215; ( gA2/ 2piA-4 i 
g =9.81; 
sa =8.87; 
sb =B.89; 
gaua =3.3; 

BEGIN 

Pierson M Spectrui := aHa* LSI * 
power (f ,-5>*exp (-5/A*power 1 (F/Fp) } 

FUNCTION Jonswap_Spectrut«,fp,aHa :REAL):REAL; 

CONST 
sa =8.87; 
sb =8.89; 
gaua=3.3; 



spectra.pas bh 

VAR 
s: REAL; 

BEGIN 
IF F<«Fp 1HEN s:=sa ELSE s:=sb: 
Jonsnac' Spectru*:* PiersonASpectru.(+.Tp,aifa) * PowengaMa.expU-sqr't-Fp)}; 

(2»ser(5)tsqrifp!))) 
END: 

FUNCTION nonsoon_Spectru_! T ,Fp, AHa: REAL): REAL; 

CONST 
CST= 1.8-16215; ( gA2/ 2piA-4 ) 
N - 5.5; 
«. = 7.B; 
FR = 1.5; 
K = H+N; 

BEGIN 
IF f >• fp THEN 

Monsoon.Spectrtm := AHa # CS1 * Potter<F,-N) 
ELSE 
Honsoon.Spectrm := AHa * CST • PowerHp.-HWU) • PMr(f tIU 

END;(HonsoonSpectrui! 

FUNCTION Sanders_spectn»<F,Fp,-Ma :RLAL):REAL; 

CONST 
c = 8.86175; 
gaaaa = 8.75; 

VAR 

fa : REAL; 

BE6IN 
it i» gaua * Fp; 
IF f < fa THEN Sanders.spectrua := 8.8 

ELSE BEGIN 
IF i >= Fp THEN Sanders.spectrua := aHa * c * Power«,-5) 

ELSE Sanders.spectrua := (F- fa)* aHa * c • Po-er(fp,-5)/(fp-fa) 
END; 

END; 
FUNCTION General.Spectrm(n,N,F,Fp,AHa:REAL>:REAL; 



spectra,pas biz. 

CONS? 
CST* 1.8626215; ( gA-/' 2p:A-4 ) 
FP! » 1.5; 

BEGIN 

IF f >* Fp THEN 
fewer al. Spectrua:* AHa • CST * Power'f.-Ni 
ELSE 
General.Spectrua A3 fa • CST * Power(Fo,-(«+N)) * Fcwer!f ,F1); 

END;idonsoonSpectrua} 

FUNCTION Spectrua! Tpe : INTEGER; f, Fp : REAL):REAL; 
BEGIN 
CASE Tpe OF 

ll Spectrua := Pipr5on_H_SpectruB(F,fp,Alfa_PH): 
2: Spectrua := Jons»ap_Spectrua(F,Fp,Alfa_J); 
3: Spectrua := Sanders_Spectrua(F,FP,Alfa_S); 
4: Spectrua := Honsoon_Spectrue(F,F?,Alfa.ri); 
5: Spectrua := General.Spectrua(ri.spfcctrue,N_spectrua,F,FP,Alfa_S); 

END 
END; 

PROCEDURE 6rafiek_w_Pnnt; 

BEGIN 
F := 8.3«Fp; 

Hulpl := spectrua(5,fp,fp): 

IF INTIHulplXl.8 I HEN Hulp2 := 1.1 
ELSE Hulp2 := 2.5; 

IF Hulpl > 2.5 THEN Hulp2 := 5.1 • lNHHulpl/5.8+8.5); 

6raphPaper(B.8,8.8,8.5,Hulp2.'frequency [Hz 3','energy ta2.s3'); 

{ FDR 1 := 1 TO N DO DrawCirclt(Freout-ncy[13,Sp[33);} 

while f < 3»fp do 
begin 
hulp := spectrua(5,f,fp); 
reken.grafieklf,hulp); 
f:=f+8.881 

end; 
f := B.3*fp; 

while f < 3*fp do 
. begin 

hulp := spectruall,f,fp); 
DrawCirdelf ,hulp); 
f i M f l . N l 

end; 



SDectra.BoE D I : 

DutTextIY««,Si,'Hardcopy (Y/N) ? '): Answer : = ReadKey: 
IF UptaseiAnswiT) IS ['V, J'3 THEN 

BtSiK 
SetColortft)}; 
OutTextSY '.486,58. 'Hardcopy IV/ 
SetColori-5;; 
HarocopvtFaiss,6;: ( a greet 

{ aRITELNiiSf,JobNaae!; ) 
miTELMlS1,0»U2>); 

END; 
Closefiraph;iextaode(2); 

END; 

BEGIN 
M_spectrue : = 7.B; 
N.spectrua := 3.5; 

{ 
Eastern Scheldt 
Monsoon spectrua 
P.Monsoon spectrua 
Hurricane spectrua 
Developing sea 

NRITE('Piek4requentie » '); READLN(fp); 
HRITECH sign • ')) R E A D L N ( H S ) ; 

{ GET.DATAf N ,rrequency,Sp, Sp.aax,Sp.ain >;) 

PARAMETER.Pierson.H(Hs,FP, AlTa.PH): 
PARAMETER. Jonswap (Hs, FP, AH a . J); 
PARAMtTER.Sanders(Hs,FP, Alfa_S); 
PARAHETER.Honsoon(H$,FP, AHa.M); 
PARAMETER.General(M_spectrua,N_spectruB,Hs,FP, AHa .E); 

M.spectrua 
" 4.8 
7.8 
5.8 
12.8 
B.8 

N.spertrua 
2.5 
3.5 
6.5 
4.8 
5.8 1 

GraFiek.en.Print; 
MRITELNTAlfa = ',AHa.G: 18:4); 

READLN; 
END. 


