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Basic Coastal Engg.

LeC 81 :



282 2) /8 6

Lec 3 : wave theory - small amplitude

Time period (T) remains constant for a definite wave.

T sec -> 27

w= [ 1 sea -> 27/+ ]

wave number
,

K=
Phase velocity on wave celenity

,
C = 7 : *

wave steepness ,
E = H/L

Relative depth = d/2

Relative wave height= Hd

infrotational fluid motion

* small amplitude thery assumptions
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Small Amplitude wave Theory

CTtankaa 3 dispension ean

↑ >, 0 . 5-3 deep water cond.

-> 8. 05 -> shallow water -> C=d
; L = 5dT

In-between- > transitional zone

: · : E :Aan

=
lo:th
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Linean wave theory &: E : tanhrd

En . 3 : Depth = 10m 92

T = 185

Lo: = 15613

↑
2.:63

= 0 . 06 -> Anansitional

E : tanhxI

Let, IAI



pol T = 185 Find 9, L

d = 200m to d = 3 m

For d = 280m :

L : At = 156 . 13

↓/=863 : 1 . 28 -> deep water

C = Co=

↓ : 3 m :



Local fluid particle accelerations

Tep be provided]

Lea 5

water particle displacements

Led not be provided]

Idenivation may be asked]

< dnaw figure >

+ 17 show that in shallow water particle

moves in elliptical path
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# Example P12

T= 8s d = 15 m H = 5 . 5 m

Lo = 156 +
2

= 1 : 56x82 = 99. 84 m

At d = 15m

&/:y = 0 . 15 [transitional]

L= 81 . 7 m

-

=↑

-



Linear wave theory : wave pressure

&D& Deep water wave dynamic pressure distribution

> 10

~ 1825

-Witoge
Application example : P22

P = 144 KN/m2

T= %f:
0 . 060

= 15

--

2= - (12-0.6] = - 11 . 3 m

CT-> lea 5
,
6
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Chapter 7-8 : wave energy

Two types energy- > kinetic
, potentia

Ek= Cut.. [not needed to memo]

EI = to PgH"
-

Ep = to PgH" 3 mem 8

memo
Power : -- --

n = = (1+ledkd) p= LES =) = const

wave power!

E:gHkBixnxPGHIXLBenexPgHix
=)---

*** Graph at PO &

Specific energy- > energy pen unit surface area

E::gH

wave energy flus
-> p : #SA .. ↳not needed tr memo]

~T
↳

-

5 : EnC : ECp [memos

= En F
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Lea 5-6 : Small Amplitude Wave Theory & Application Examples

wave panameters :

L
I I

crest
↳ &

Y L
I

n28]
*: It

SWL- S I

*I8 H

/-
Anough

d

/

w : 2; K: T: Time peniod

c : E = * [wave celenity : speed of wore (cnest/though-)

Relative depth =a Relative steepness =↑

Relative wave ht=

Amplitude : H/2[for small omplitude waves (compared

to wave lens]



Celenity of propagation,
->
E

= I on=y

General formula
,

c= tanh (d)

=> c2.get tanh (2d] c : == L : T

=> c= tanh (d)

-> L : Aanh(d)

wave classification :

Deep water:* > 0. 5
; at depth )0 . 5 (wave length), wave don't

touch channel bed (no friction, full circulary

tanh (252)21 for 2 > 0 . 5

↳:
Co:

Intermediate : "2 -> (0 . 05
,

0 . 5]

C = Co tanh ; Co:
L : Lo tank ; L:



Shallow : & 70 . 05

C:d anh(291) x for M> 0 .05)
L : 5d T

Deep warten Intermediate warten Shallow water

Co: C = C
. tanh Ed C: Jd

Lo: 1 : ↳ tanh
id L=dT

& (Sigmay
M

water particle displacement : > En (ris

E=_coshtd) sino

↳: int) co



show that in shallow water depth , particles move in elliptical orbit:

using simplified equation of particle displacement :

·
coro :[intedte]

And ,
sinot cost= E ; A :

..

B :

-

-
. .



Alt/show that in shallow water depth , particles move in elliptical
onbit:

using simplified equ of water particle displacement :

↳-ze
Let

,
A:ohtRtd) , honizontal semi-arbital anis

B : #inhtd ; vertical semi-orbital auis

Now, E : -Asing= : -sino

2 : BCOSO = : cos &

=] sin28 + cost:h E

= : -> elliptical

At deep-water, A = B

shollow-watery 2- > -d ; cosho = 1

sinh 8 : 8

· : B > A -> flattens -> honizonAl



velocities :

Horizontal, u=ontd wo

vertical , wineltd sine

ER. P12 T = 8) ; d = 15m ; H = 55m

: tanhed ; 1. : At 0x : 99 . 82

=> L : 81 . 73 m

Trial & ennon :

Iotanhthe
58

18 j 7 3.5

88 82. 54

8 I 82 . 87

81 . 5 81 . 8 4

81 . 7 8 1 . 74

81 . 7 3 8 1 . 7 3

Now
, d/L = 173 = 0 . 18 E [0 . 05

,
0 .5) [intermediate]



At 8 = ↑3
,

2 = -5 m :

Vi= #
T chalet 2010 in nord

-

=is = 0 . 933 m/s

vi: inhtlat sino

7

.
-

Ami ...

Ay = . -

E=_coshltd sino

=...

↳:innzhutd coso

=
--



Linean wave theory : wave pressure

subsurface pressure :

P= py

coshtd)
cost

- pg2
cosh 2nd

= pgnK2-pgs - swh

=> p = py(nKz-2)
pg25

A
n= cost total pres.

coshhatd) -2=42

Kz =

cash
d

m = (o + 2) it

P + Pg2
-TgkNIPPS2] P) 1008 kg/m3

for seawater



P22/ P = 124 KN/m2 E = Aanhd
2 : - (12-0 . 6) : - 114 m ↳ : = 351 . 29 m

T=oss
= 155

: L = 156 . 9 on

↳=P92 :Conta
124 + 1 . 825x9 . 81x (-11 .4]

~

1 . 825X9-81x8.895 = 8 . 895

= 1 . 84

=> = 1 . 04 =) H = 2. 08m



Recap:

= tanh (d)

↳= A tanh(d

wave classification : deep-water- > - (0 . 5

Co:

↳=

Intermediate -> & -> (0 . 05
, 0 .5]

=Cotanh
shallow - > & < 0 . 05

c : Jd

L=d T

wave particle displacement:

vertical
,
E=.oshdtz sing

Horizontal
,

2 :#inhldt coso

velocity :

~n: At one cos
; unhesino



show : in shallow water depth
, particle move in elliptical orbit

indisplacement
vent. " "Biinnttd

Hence,
E : - Asing => sin28:
3 = Bcos8 =S cost8:

=> = 1
-> elliptical

At shallow woten depth ,
2-> -d

; cosh(8) : 1

sinh (8) = 8 -> B -> *

: A) B -> flattens -> honizontal



Linean wave theory : wave pressure

p = Epgcochatd) cost-par
M= coso

K2:chet
: P = pgUKz-P82

= P8(Kz-2]

n = N2tog



12/ T = 8 sec

↓= 15 U

H = 5 . 5 m

↳=2x899 . 92m

L= 81 . 79 m

↑:gz
= 0 . 15 [intermediate]

:fanh
ze

5J

18j 7 3 . 5t

&J 82 . 6 2

8 1 . 5 81 . 92

8 1 . 7 ~ ~ -

↳-at t



& P = 124 KN/m2

p = 1825 Ky/m3

d = 12 in

2 = - (12-8 .6] : -11 . 4m

T = 6066 = 155

n-Ptpg) Koshldt
3OXS

.

OIXLS = 8 . 98

= 1 . 84 ↳= A = 351 . 29m

· H = 2. 08 r 4/ = 8 . 834 (8 . 85
Lo

: L=d T = 162. 75m
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AED Lea 7/ PLL

PR #6

== tanh Ed T = 18 sea

=> L = 156 tanh (2X10) Lo = 1
.56T2 = 156 m

=> L = 92 . 34

'A
n = ECHKd

= ) H =

· ↳(1710673)(20072x93" 3
= 8 . 876
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Linean wave theory-group velocity

38= Ithead : as

Deep-waten, 280 : E 2
.

shallow water , a:B

#P22/ 2 = 156T2 :
---

Mid -> Lec 7,
8
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Wave transformation

Processes :

wave shooling : d /L om less :
~

Ks Kn
Green's law

Hd' - const &
theoretically reach &

but breaks earlier
# d, = 10 m

Ye
H1 = 1 m 3 Hid = Hude

dc = 1 m
=) Hz = 1 . 78 m
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Lec 7-8 : Linean wave theory-Wave Energy

Total energy of wave system !

E= Ext EP

= TPgH + TP8H2L

: PGH2L

wave power :

p . pol (1+
led

2kd) ,
1: [W:; CiF :i

n = =[2kdChd] -> 0 . 5 & DW

= En :
f

; 1 & Sw

E= ↓ pgH"2

specific energy :

E:f 2x1

=
AgH2

&



O

As waves enters intermediate
1 . 6

water depth from deep water,

its wavheigh decreases. It (H "s
Shallwa intermediate deep

neaches minimum value of 0 . 913

at 4/2 : 0 . 189 . Shoneword of 0 .913-----

,this point, waveht increases 8. 8

& 8 . 189 o
!
5 8.7

napidly until it breaks. d/L

wave energy flun:

E=gh
P = EMC = ECg;

n :[12kd] ,

K:

= fanhed

Po = EE.
Co

p =
EE

shallow



I

- when crest parallel to confoun : energy is conserved

E
. N

. G = EnC

= > EE .
Co : Enc

- If cnest is at an angle,
above no longer applies

- Group velocity determines how fast energy is moving towards

Shoneline .

- shooling coeff. determines ht of wave in relation to wave ht

of deep voter ( */H
.) .

2 To: ; L:
C : Cotanh Ed; L: L tanh

↓= 18 m

L = 156 M *Ho
Ho = 2m

L = Lo tanh 2d

=> L =2 . 34 m

H :Ho ; n : =CHdand) ; K= : 0 . 000

·2x
expl

= =[1+2x0000xD
: 8 . 874

= 1 . 97 m



Un=#htcso ; 2: T=

: 1 m/s

P = Apached cos-pa
=--

-

Group vel -> Cg

Individual vel -> & Lphase vel/celenite)

(g) & may happen due to surface tension.

Cg = n 2;
c: =
n = EC1 feldand

deep water -> Cg : E %

shall water-> Eg = C =d



Mez)

T

= 185

d,: 200m; d2 : 3m

↳ : At : 156 . 13m ;

At d = 200m :

E : 1 . 28 70 . 5 ; deep

c : EC : [() : 7 . 8 m/s

Af d = 3 on

= 0 . 019 20 .05 ; shallow

: Cg = 2=d = 5: 42 mis



2II 83109

Wave Refraction

wave tries to more vertical Ar contoum line

#
math/Pi

Ho : 2m

T = 18S

* = 35

C = 15 . 6 m/s

d = 1 . 3 m

2 = 475 M/s



56/89
212

16/

9 = 15 . 6 m/s

↓ = 2. 3r

c=d = 4 . 75 m/s

Wave diffractionI
24/ T= 6

↓ = 10 m

↳:A : 56 . 21

2 : L fanh
FD

= > L = 48 . 41m
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Spilling

plunging 3collapsing all 4 DDA

sunging

** * why waves breaks
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Breaker types

En -> be given bathymetry- > bed profile

My

[Q) Lo = 1 .5(832 = 99 .84 m VM = 8 . 85

Ho = 25 : Ours

From Nomognaph, Slope = 0 . 05

shoaling factor= 1 . 16 Instead of what kind

of breaker, it may
: Hp : 4 . 5 x 1-16 : 5. 22 m

be asked- what'll

Er = tanB (tojk be the breaking of

for spilling breaker



Bzly Lo : 156m

4% =
*
/56 : 0 . 019

From Nomsgnaph 1
, for stope = 0 . 05,

Km = 1 . 853shooling fact:= 14

Hy = Ho xRnXKs = 3x1 : 85x 1 . 9 = 4 . 41 m

1tb/gp2:

D22/
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Radiation stress

Mgt-d [sef-down]

-

P35/ # = Im

-

↓ = 2. 2 M

na :-d
= -0 . 11 m

= (H. )" =...

SWL 3 Y
0. 11 [ 8 .

047

& &2.
31 2.2

0 .

82

Y = set up = 8 . 425 m

wave swash

wavenun-up

D moth



⑮10
↳

+ 20

44/

white capping
Wove overtopping
waveneffection

↳
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LeC 3

L
I I

W : E; K : E
↓
enest

C-
I I

n(7)
SWL- / H

c : E: *. A

&: It
I

= Anough

Relative depth = &
d

"wave not : A ->x x

steepness : t

Amplitude= H

small amplitude wave theory :

Dispension eqh :

c= Aanh
d

↳ : A Manh 2d
c= F : > L = aT

Assumptions :

1. Incompressible fluid

2. Innotational fluid motion

3. Pressure const of water-ain interface

4. Impermeable fort bfr
5

. Very small amplitede



when P >, 0 . 5 -> deep water

Co : E

Lo=

4 [0 . 05 -> shallow water

C:d

L : jdT

In btwn -> Intermediate

E: : Anh
d



Lea 4

Rog ↓= 18 r

T= 18S

H : 2 m

Assume deep water,

Co= = 15. 61 mis

L= GoT = 156 : 13 o

Y2
= /15613 : 0 . 064 20. 5 [intermediate]

E : tanh Ed

I Lanh
d

188 & 6 . 95

D B4 . 17

& 2 92 . 65

92. 3 92 . 43

9 2 .37 & 2 . 38



O
T= 185

↓: 200m
,

d -. 30M

Co: : 15. 61m/s

Lo = GoT = 1561 M

d = 200m : ↑2 = 26 : 1 . 28 70 . 5 - > deal

& = Es

↳ : Lo

d= 3 m; 4 = 0 . 019 2 0 . 05 ; c = D = 5 :

42m/s

L = CT = 54 .2 m

velocity :

↳: At en
Acceleration ?

&m:coshtd) since

&= B shatt case



Lea 5 ↑
e

- te

Displacement :

↳
simplified ! show that is in shallow water depth particle moves

in elliptical orbit :

↳intere
Let , A:shat) , B:inte
=> E : - Asinf

, G : Bars&

=> sing = - E ; cost:

sin28 + cost8 = 2=



A : # shat) , B:inte
At deep

,

A = B

shollow, 2 = - d -> cosh (03 = 1

sinh [8] : 8

B> A -> flattens -> honizonfol



2 TITS

↓ = 15 m

H : 5 . 5 M

-

·ne
&n : - Tcost sin

&
2=gH Sinh cos

E : -eochzt, sino

↳= + sinho aut



subsurface pressure :

PiEpgsheetcast-pa
: PqUK2 -P82 pg2 Atal

M: Ecosa

K
2

: What
Zi-E

i) P = p8(nK2 - 2]
K2 -> pressure nesp. factor

M =( +2]
-

I

P + 882
-> NDTPOC)POK2



/
P = 124 KN/m2

2 = - 12 + 8 . 6 = - 11 . 4 m

f = 8 . 0666 H2 + T = 153

ni m :
NP+ P82] onepfkz

=>> H = 2. 86 M 124 + 1825x9-81X(17 . 4]
I

1825 XD .81x 8. 902 = 8 . 982

-

* -
↳ : 351 : 29m

*

%Losing 70 . 034 [0 . 05

·: L = JDT = 162 . 75 m

Recap :

P = Apgcochete coso-pa

:en
: Wea



Lea 7-8
:

Wave Energy

Total energy ,
E = EK+ Ep

=TPGHL + PgHL

= pgH2

Energy density on specific energy :

E : E.gH [A = 2x2]

Power : Energy transmitted pen unit time in the direction of

wave propagation.

P : = F21+d) ; 1:

n : ECHRdd]

p=
E

Y
n -> 8 . 5 of deep

-> 2. 8 at shallow



/
1. 6

As woten moves shoreward, its wave

not decrease until it neaches the

lowest of intermediate zone. H/H Intermediate
After that it starts increasing until

Shallow deep

the waves become unstable & breaks.
8 .913

8 . 8

J 8 . 189 8 . 7

d/2

wave energy flun;

Rate of which energy is transmitted in the direction of wave

across a perpendicular plane entending down the entine depth.

= EnC = ECg

↑

- > wave power

Deep water P
.

= IEo Co ; no: at deep

shallow"
,
P = ECg = EC 1 at shallow



I

-> when crest is panelled to confoun
, energy is conserved

,

ErNoCo : EnC = ) EE. 2 : EnC

-> If not above breaks

-> Group vel. determines how fast energy is moving to shone

-> shoaling aseff defins rell of ut of wa w . n. to deep worten

wore no (H/A
.
)

IR/ d : 10m ·
Lo : 156 m

Ho = 2 OM

-

- 4 = 0 . 064 > 0 . 05

2= Lo Annhd

=> H =2xe
28 -874x92.33

= D2. 33 rus

: 1 . 97 m

M = E(Ifthed) ; K:

UniAtcoshalt co = 8 . 57 4

= 8 . 8 68

Lo= = T = 105

= 1 . 8 MM/S

D = Epperhead20-082 : --



Group vel -> Co

Individualvel/ phase vel -> &

Cg = n2 ;
2= E

n = E [1+2nda)

deep water-> 28 = E80 [Cr:
shallow worten + (g = &

= Ed

22/ T= 10s

d = 200m
, d = 3 m

28 = na ; n = = (1+2ldd); R:

Lo= = 156 . 13 m

At d= 200m ; % = 1 . 28 >0 . 5 At d = 3m : 4/2, = 0 . 0192to

C: = 15 : 61 mis C = Ad = 5. 42 m/s

Cg = EC = 7 . 81 m/s
=Co



Lea 9-18 wave transformation

shooling :

Deformation of wave which stants when depth less than half

of wore length.

Y < 0 . 5 -> intermediate

H: Ks : Shooling coeff

~W Rm = refraction creft.

Kg km

=:e
At shallow, M = 1

,
c:d

=> Ks: : Fa
=) H &d is Hd"" = const [Green's Law]

-> shallower- > d ↓

H M

theonetically wave nt to reach infinite

but practically, breaking occur.



POT
- Im

d
,

= 10 m 3 H
,
d = And

Hi : 1 m

=] Hz = 1 . 70 m

waverefraction :

tunning of wave propagation direction when it comes at an angle

with bottom contour .

Snell's Law:

sinA : const= sind straight coast W/ panael
conforms

Refractionsseff .:

-A
xub

kn=: T22 Calways)

I

~~

#



Bottom contour straight&f parallel :

↳do: Finde
km=

& : sint (sind.)

b) H = 2M Hi = ↑I

T: 185 &, = 1

& = 350

↓ : 2. 3 m

C: : 15.61m/s ; G : Nd = 475 M/

&= sivil(sindo] : 10 . 10 km:d : 0 . 512

: kn

= H = 2x
27

x0 .012 = 2. 33m ;

M= 1 of shallow



wave diffraction :

Process by which wave propagates into the lea zone behind a

staust ; caused by lateral transmittance of wave energy along
chest.

zul
TIGS

8 : 68
%

8: incidence ande
↓: 180

B : defnacted angle
B = 30

°

m : dist from head
M= BG. G m

Ho : 2. 2 m

-

Lo : At = 56 . 21m ; + = 0 . 15

: L = 44. 4 m

M2 = 2

~ : Km = 8 . 28

H = 2. 2x8 . 28 = 8 . 62 m



Lea 11-12 Wave transformation

Bottom friction

Depth induced wave breaking

wave breaking :

As ware moves towards shallower water, its waveben decreases

andht and steepness increase. At shallower region , the bottom

friction causes the bottom part to more slower while the uppen

point cont to move fasten.

At a time, the top outpaces the bam and spills over

wave breaks when it reaches a limiting steepness which is a

fun of 4c and beach slope Hank

Breaken topes !

1. Spilling

2.Reunging
3. Collapsing

4. sunging



84/I

Spillingi over gnadual, simply sloping bed

wave anest becomes unstable and spills over

At d = 167H

plunging : Abnubt on moderate transition from deep to shallow

Base deccelerate fasten than top

collapsing : The wave crest remain langly unbroken.

Lower portion collapses into beach slope .

Insignificant

sunging : Almg very steep coastlines

The wave never actually breaks offshone; instead it sunges

directly up the beach face.

wave breaking criteria !

Two indices :

Bredzen depth inder : Yb=3 ; depth at breaking

int index : 2p : # ; deep water wave ht



tdentify breaken tope :

-
E.: AmB(H) /

Es : AanB(b) -
B

E

Spilling 2,
0. 5] C

,
0 . 43

Plunging (0. 5, 23) 20 . 5, 15)

collapsing 223
,

3 .2 (15, 23

sunging 23-2... ] 12, ...]



g

9) H = 45 m

T

= JS

M : 8. 85

-

Deep water wave steepness ↳: 99 : 92

= Ho = 0 . 845

S . F = 1 : 16

: shooling breaking ht = 116x4 . 5

= 5 . 22m

Breaken Steepness : He:on

= 3. 88831

Breaking depth creff : 1 . 89

:. Breaking depth = 1 . 89X 5 . 22 = 5 . 69 m

-2

Eo = tanB () nadian
~~ - 1/2

: Aom [0 .05] 20 .045] : 0 . 236

·: Spilling

b) Lot...; - -; SF- ...; At ;"



22 m:o

Ho = 3 .8 m

km = 1 : 85

T = 183

-

Ho = 0 . 01
L : 156 . 13 m

Ks = 1 . 4 It : Kskn

: Hs= 3 . 0x 1 : 4x 105 : 4 . 41m

-

Iz = 0. 0045 ->

- : breaking depth : 4. 41m

22/( Ho = 3 m Assume, m = 8 . 85

2T = ES Ho : 0 . 03 -> Ks = 1 . 26

: no
break

at 8M

d
,

= 8 m

Hy = 3x126 -> 3. 78;
& 6 M

-

:0003
Energy principle :

E = 0 .
00 50 . 05, 0 .5)

gHLgHil
2 : 64 . 9 m

=091.xbu n = EL+kd)
= ) Hi :

. . . : 8 . 845 13 : Er
- 8. 8 968



Radiation stress/ wave seturp and set-down :

Encess flow of momentum due to presence of wowes which is

evented on mean flow .

& -



LeC13-14 wave fonces & coastal structure

wave hot of wall
,

Hw : Hi + Am neft a co2ff .

- (HU) Hi ;
n In

he of clapotis cnest,

be : dt hot (M) hi

Anough , %f = dtho- [Shi

pressure distn .;

- SWL

D=wed



Non-breaking wave fonces on coastal struct :

↳ from Hi&

Frobl:d Fwore
; W = 9 .81N/m

MAAM : Wd3 + Mwave

15 Hi : Im d =9 m T = 83 & 125

km = 1 =1

~

Hi = 0 . 5 t = 0 . 0032 & 0 . 001

From graph, 1 : 0 . 79 & 0

: ho : 158m & 1 . Om

& 2
= dt not [ARYAi = 7 . 55m & 7 .0 m

2 : dtho-() Hi : 3 : 58m & 3 . 8m

Fonce : Fed2 = 0 . 65 & 0 . 60

: -0 . 30 & -8 . 33



·: Fc = 8 . 65 xwd2 = 101 . 92 KN/m &

-- 186 . 6 KN/ m

FA= - 0 . 38xwd2 = - 47 . 04 KN/m &

- 51 . 7 KN/m

: Fetofl: Fet Wd = 180 . 32 KN/m &

155---

FA , Astod
: -. = 31 . 36 KNIN &

26 .7 KN/m

moment : M = --

:...

Mc =

.
. . .

KN-m/m

MA =.
.

-

Mc
, Arfal : Mat

d

MA , total=
--

critical cord ! Same SWL on both sides of wall

ware crest on one side Anough on other

Fret = 181 .92-547 .04) : 148 . 9 Zignone hydrostatic)
sonzels out

Mugt =...



Lec 17-18

Typical cross-section of beach profile :

I SummerMasonmene
Recap :

·nice-
conchone ban

Beach



Nearshone waves & current system :

-> waves normal to shonelin

Refraction

showling
Diffraction

Mass Ananspont

Longshone transport

Enosis

Deposition

Reflection

very strong Rip current



Estuary :

semi-enclosed water body open to sea within which seawater is

heavily dilutedwy frash water.

classification :

Based on fide dominance : Based on geomorphology :

1. Tide dominated 2. Drowned niven valley

2.Wave I 2. Ban-built

3. RiverI 3. Fjoud tope

4. mixed estuanine sas 4. Tactonically produced

-

Based on salinita :

2. well mined

2. Pantially "

3. Salt wedge

4. Inverse

5. Intermittent

6. Highly stratified


