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COURSE LEARNING OUTCOMES

Guir

Upon completion of this course, students should be able to:

1. Evaluate the properties of oftshore and near shore waves and establish design wave
specification.

s 1

Learning Objectives
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TOPIC 2: WAVES

e Part 3: Nearshore Wave Transformation
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PART 3:

NEARSHORE WAVE
TRANSFORMATION
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LEARNING OUTCOMES

Guir

Upon completion of this topic, students should be able:

* To estimate the nearshore wave heights.
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WAVE TRANSFORMATION

Guir

* Woaves transform as they propagate from deep into shallow water.

- Waves propagating through shallow water are strongly influenced by the
underlying bathymetry.

* Wave transformation processes:

Shoaling

Breaking

Refraction
Diffraction

Reflection

Wave run-up
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WAVE SHOALING
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WAVE SHOALING

Guir

- As the deepwater wave begins to enter more shallow water (d/L < 0.5), it
begins to ‘feel bottom’ and starts to transform.

- The waves are slowed, shortened, and steepened, as they travel from deeper
water into more shallow water.

| Wave movement -

- waves with constant .__{.__waves touch bottom —.. Surt zone

Deep water— Approaching shore —
wavelength (wavelength decreases) (oroakers form)

............... e | ey N

Depth is >%: wavelength decreases i :}
/_'_______,/ (wave Increases) By

—— '(.

https://johnbarrett.net/2020/11/01/the-science-of-surfing/
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WAVE SHOALING

Guir

Consider a wave front traveling parallel to the seabed contours (i.e. no refraction is taking
place). Making assumption that wave energy is transmitted shoreward without losses due to
bed friction or turbulence,

P ECg The power transmitted forward by a wave in
Y =1= EC_ one depth will be equal to that being
0 090 transmitted at any other depth
Substituting _ H 2
E=27
8
2
then, P _1— H Cy
Po H 'O CgO

https://johnbarrett.net/2020/11/01/the-science-of-surfing/

© 2021 UNIVERSITI TEKNOLOGI PETRONAS
All rights reserved.
No part of this document may be reproduced, stored in a retrieval system or transmitted in any form or by any means (electronic, mechanical, photocopying, recording or otherwise) without the permission of the copyright owner.




SHOALING COEFFICIENT

The shoaling coefficient, Ks is

K:i: ﬁ: CO — CO
" H, \C, \2c, VanC

Group velocity factor:

1 4?{6} L DEEP Water, n=0.5 ; CG = 0.5C
"= E l+ Sil]h(él.gz‘d L) Shallow water, n=1; CG =(C

Transitional water, 0.5<n<1
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Table C-1 (Shore Protection Manual, 1984)

¥

d/L

©

+3300
«3310
3320
3330
. 3340

.3350
3360
+3370
.3380
«33%0

3400
.3L10
.3l20
.3L30
.3Lko

«3450
« 3460
3470
.3480
-3!‘90
«3500

3510
.3520

© 2021 UNIVERSITI TEKNOLOGI PETRONAS

All rights reserved.

/L

«335L
3403
3413
3422
23431

«3Lko
«3lkg
3459
- 3468
-3,‘?7

358
-3L95
- 3504
3514
3523

.3532

#3551

3560
«3570

+3579
-35%‘

»3598

27 d/L

2,133
2,138
2,1y
2,150
2.156

2,161
2,167
2,173
2.179
2,185

2.190
2.196
2,202
2,208

2.21)

2.220
2,225
2,231
2.237
2.2L43

2.2L9
2,255
2,260

TANH
21 d/L

»9723
9726
9729
»9732
»9735

9738
- 9?hl
«9ThL
.9750

+9753
9756
9758
9761
+976k

9767
+9769
»9772
9775
9777

.9780
.9782
.9785

SINH
27 d/L

L.159
hvl .
L.209
4.234L
L.259

L. 284
L.310
L.336
L.361
4,388

L.h13
L.L29
4. 66
L.Lg2
4.521

L.SL7
4.575
L,602
§.629
4,657

1,685
b.713
Lo7hl

Table C ‘(,.‘(ontinued.

COSH
2md/L

L.277
4,301
L.326
L.350
L.375

L.399
L.b2k
L.L50
L.L7h4
L4500

L.525
L.550
L4.576
}.602

4.630

L.656
L.682
L.709
4.736
L.763
La791

4.818
T

HfHé

+9583
+9586
9589
-9592
-9595

+9601
9604
9607
+9610

9613
r%ls
9618
+9621
9623

- 9626
9629
»9632
9635
9638

.96L0
. 7643
.96Lb

S
K

2338
2325
«2312
» 2299
.2266

«2273
'2260
2247
. 2222

.2210
.2198
«2185
2173
.2160

.21L8
«2136
»212)
.2111

2099

-2087
.2076

-2064 |

Lrra/L

L.265
L.277
L .288
L.300
L.311

L.323
L.335

SINH
L7a/L

35.58
35.99
36.42
36,84
37.25

37.70
38.1L
38.59
39.02
39.48

39.95
Lo.Lo
Lo.87
la.36
.85

L2.33
L2.8
L3.3
L3.85
k.37

ul .89
L5.h2
L5.95

COSH
Lird/L

35.59
36.00
36.L3
36.85
r.27

37.72
38.1%
38.60
3’91%
39.19

39.96
Lo.la
L0.89
b1.37
1.8

42,3k
L2.8L
43,35
43.86
by, Lo
Lk.80O
L5.L3
L5.96

5k92

CG/GQ

«Shll
.5Lh1
«5L38
«5h3k
.5L31

.5427
.52l
.Sh21
oSL17
+SULL

.Sl11
«5L08
»5L05
« 5402
.53”

5396
5392
+5389
-5386
.5383

+9380
<5377
«537L

M

5.220
5.217
5.214
5.210
5.207

5.20h
5.201
5.198
5.154
5.191

5.188
5.185
5.182
5.179
5.176

5.173
5.171
5.168
5.165
5.162

5.159
5.157
5.154

No part of this document may be reproduced, stored in a retrieval system or transmitted in any form or by any means (electronic, mechanical, photocopying, recording or otherwise) without the permission of the copyright owner.

Guir




SHOALING COEFFICIENT
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Shoaling effect may be to stretch or concentrate the energy, so it may increase or decrease
the wave amplitude.

C0 _ C0
2Cg 2nC
0.8 I !
K E i
Shallow water Intermediate water Deepwater
| 1 | ] \1/I 1 L1 i 1 1 t\l/ 1 | i I |
0.0 0.05 0.1 0.5 Al
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SHOALING COEFFICIENT

Shoaling of finite height waves was also derived using the Cnoidal wave theory.
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Figure 2.63 Shoaling coefficient H/H, versus depth ratio d/L, for various #,/L,
(Goda 1685)
Silvester & Hsu (1997). ‘Coastal Stabilization’. Singapore: World Scientific, pp. 86
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MAKING WAVES IN A FLUME
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DEMONSTRATION OF WAVE SHOALING .UTP
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FORMATION OF TSUNAMI WAVES

Guir

https://youtu.be/SIwZzbGh7Cw
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BREAKING
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OPEN-WATER WHITECAPS IN DEEPWATER

* Induced by strong winds that increase wave heights
rapidly.

* The maximum wave height is limited by a maximum wave
steepness for which the waveform can remain stable.
Beyond the limiting steepness, the wave begins to break
and dissipate a part of their energy.

* Michell (1893) found the limiting steepness to be given by

H, 1

=0.142 ~ 7 |¢——— 7 across ——

0

which occurs when the crest angle is 120°. ~"W‘\

1 high
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OPEN-WATER WHITECAPS IN DEEPWATER

* Michell (1893) found the limiting steepness to be given by

H 1

0 — O 142 ~ — |<— 7 8CrOSS =i

L . 7 1 high

. . 120° 2
which occurs when the crest angle is 120°. — v

* This limiting steepness occurs when the water particle velocity at the wave crest just equals
the wave celerity (uc = c).

* A further increase in steepness would result in particle velocities at the wave crest greater
than the wave celerity (uc > ¢) and, consequently, instability.
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NEARSHORE WAVE BREAKING

SUrf —— I (E)

waler pile up (F) o breaker
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e ——
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* When wave moves into shoaling water, the limiting steepness is a function of the relative
depth d/L and the beach slope m perpendicular to the direction of wave advance.

* Deepwater waves start to feel the bottom when d/L = V2. The water particle motion
reaches to bottom and disturbs sediments. Underwater friction and turbulence at bottom
slows the wave and shortens wavelength.
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NEARSHORE WAVE BREAKING
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°* When the wave steepness reaches a limiting steepness, the wave breaks, dissipating
energy and inducing nearshore currents and an increase in mean water level.

* Breakers disturb bottom, erode & transport sediments.
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WAVE BREAKING DEMONSTRATION
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https://youtu.be/ouoodQg3XD0
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WAVE BREAKING

https://youtu.be/BQptkdzvmjE
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PROPERTIES OF BREAKER

Guir

* Breaking depth d, - The depth that is shallow enough to initiate breaking.

* Breaker height H, - The maximum limit of wave height above which the wave
becomes unstable and breaks.
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BREAKER TYPE
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SPILLING BREAKERS

FOAM :3

__________________ The breaker type is a

NEARLY HORIZONTAL BEACH function of the beach

PLUNGING BREAKERS slope m and the wave

steepness H/L.

\ STEEP BEACH
SURGING BREAKERS ™

FOAM

VERY STEEP BEACH

(c) SURGING BREAKER

https://www.pinterest.com/joegoofy69/19sportsi-love-to-surf/ https://www.theinertia.com/surf/spilling-surging-plunging-the-science-of-breaking-waves/
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SPILLING BREAKER

5':“1"6 uﬂulma FOAM SLIPES POWN

FACE OF WAVE

*  Occur for high steepness waves on gently sloping beaches.

* Portions of the wave crest appear to break gently (spill), creating foam as it spills down the face of
the wave.

* Several wave crests may be breaking simultaneously, giving the appearance of several rows of
breaking waves throughout the breaking zone (dissipative beaches).

* Spilling breakers generate less turbulence near the bottom and thus tend to be less effective in
suspending sediment.
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PLUNGING BREAKER

PLUNGENG BREAKERS  ronwet cowarsss

*  Occur on steeper beaches and/or for flatter waves.

*  Woave curls over forming a tunnel until the wave breaks and plunges down the face of the wave in a
violent tumbling action, resulting in high splash and scour into sea bottom.

* Plunging breakers are more commonly associated with swell waves that approach the beach with
much longer wavelengths.

* Expert surfers love this type of wave!
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SURGING BREAKER

SVRGING BREAKERS s Sead
>

(NOT TO SCALE)

Ep
stacu Sropt

*  Occur on very steep beaches/man-made seawall or for long waves.

*  Woave crest remains unbroken and the front face of the wave advances up the steep beach with very
little or no breaking.

* The entire face of the wave usually displays churning water and produces foam, but an actual curl
never develops.

* Creates the appearance that the water level at the beach is suddenly rising and falling.
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COLLAPSING BREAKER

-:-ﬂapirug
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=teep beach shpe

Photoby $. Douglasseg

* Breakers in the transition from plunging to surging, occur

on steep beaches.
*  Woave fronts more or less explodes forwards.

* May be found where swell breaks on steep beaches
steep beach shope

made up of course materials.

* Beaches with collapsing and surging breakers are often
called reflective beaches.

© 2021 UNIVERSITI TEKNOLOGI PETRONAS

All rights reserved.
No part of this document may be reproduced, stored in a retrieval system or transmitted in any form or by any means (electronic, mechanical, photocopying, recording or otherwise) without the permission of the copyright owner.



SURF SIMILARITY PARAMETER

Breaker type may be correlated to the surf similarity parameter, &,

m H, Breaker height

L, Breaker wavelength

\/Hb / I—b = beach slope = tan 3

Sh

=i
I

On a uniformly sloping beach, breaker type is estimated by &

Spilling Breaker: &, < 0.4
Plunging Breaker: 04 <¢, < 2.0
Collapsing / Surging Breaker: g, > 2.0
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BREAKER INDEX
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b H, = Breaker height
b — d, = Depth at breaking
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MICHES LIMITING WAVE STEEPNESS i

A

Miche (1944) describes wave breaking (regular wave) in surf
zone when the limiting wave steepness is:

H, > 0.14 tanh 27d,
Lb I_b
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MUNK'S BREAKER INDEX
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Munk (1949) derived several relationships from a modified Solitary
Wave Theory:

Breaker height index: H'

Breaker depth index: d, 198
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GODAS BREAKER INDEX

Goda (1970) developed the
relative breaker height
(H,/H’,) relating the beach
slope (m) and the incident
wave steepness (H'_/gT?).
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GODAS BREAKER DEPTH INDEX ;ﬂ;

Goda (1970) developed an empirical relationship between H,/d, and
d, /L, for various beach slopes:
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WEGGAL'S BREAKWATER DEPTH INDEX .UTP
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USACE BREAKER DEPTH INDEX
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USACE (1984) expressed the Weggel’s results in the following equations:

where

156
(1+ e—19.5m)

c, =43.75(1-e™M) C,
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KAMPHUIS BREAKER INDEX

Kamphuis (1991) proposed two criteria for irregular waves:

1. Wave steepness criterion: ( 2 A
H,, =0.095e*"L, tanh| ——®

2. Depth limited criterion: H )
S

_ 0.5663.5m

b
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PROBLEM 4 s

\f

Given a beach having 1:20 slope; a wave with unrefracted deepwater height
H. =2.10 m and a period T = 10 s. Determine the breakwater height and
the depth at which breaking occurs.
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PROBLEM

Guir

A wave in deep water has 3 m high and 10 s period moving towards the
shore with a slope of m = 0.02. Determine

* breaker height
* type of breaker
* breaker depth

* breaker length

* wave celerity at breaking

e distance of breaker line from the shore
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KIND REMINDER

1.Student attendance using MS PowerApps
2. T&L satistaction poll

© 2021 UNIVERSITI TEKNOLOGI PETRONAS
All rights reserved.
No part of this document may be reproduced, stored in a retrieval system or transmitted in any form or by any means (electronic, mechanical, photocopying, recording or otherwise) without the permission of the copyright owner.



e h
X
s
f
0
s

! O l | UNIVERSITI TEKNOLOGI PETRONAS
Scan the QR code or go to https://bit.ly/2Ra323b

www.utp.edumy | [ ¥ [@® UTPOfficial

© 2021 UNIVERSITI TEKNOLOGI PETRONAS

All rights reserved.
No part of this document may be reproduced, stored in a retrieval system or transmitted in any form or by any means (electronic, mechanical, photocopying, recording or otherwise) without the permission of the copyright owner.



