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Abstract

This research was conducted to study the potential of coastal vegetation in
reducing coastal flooding caused by waves that are higher than normal waves such as
storm surges. A two dimensional hydrodynamic model was applied to simulate the coastal
ﬂodding in a 1000-m wide and 1500-m long idealized beach. Sensitivity of flooded area
was analyzed by considering five parameters: the beach slope, the bed friction coefficient,
the length of the tree area, the width of the tree area and the pattern of the free area.

The results showed that the beach slope influenced the flooded area. The flooded
area decreased as the beach slope increased, because wave energy is transformed into‘
potential energy. In case of the friction coefficient, the beach with the greater friction
coefficient could reduced the flooded area. For the case of the length and width of the
tree area, it is obviously found that as the area of the tree increased, the flooded area

was reduced. The maximum reduction of the flooded area was about 30% compared to

- the case of no tree. Finally the pattern of the tree area did not affect the flooded area .

much.
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Tropical Cyclone Classifications (all windis are 10-minute averages)

The NE Pacific & NW Pacific NW Pacific N Indian Ocean SW Indian Ocean Australia & S Pacific
1
Beaufort 10-minute sustained winds N Atlantic JTWC JMA IMD MF BOM/FMS
scale NHCICPHC '
0-6  [<28 knots (32 mph; 52 km/h) ; Depression Zone of Disturbed Weather  |Tropical Disturbance
Tropical Depression |Tropical Depression Tropical
28-29 knots (32-33 mph; 52-54 km/h) : Tropical Disturbance Tropical Depression
7 Depression Deep Depression
30-33 knots (35-38 mph; 56-61 km/h) i Tropical Depression- Tropical Low
!
i Category 1
8-9 13447 knots (39-54 mph; 63-87 km/h) Tropical Storm Tropical Storm Tropical Storm Cyclonic Storm Moderate Tropical Storm
! tropical cyclone
10 48-55 knots (55-63 mph; 89-102 km/h) Severe Tropical [Severe Cyclonic Category 2
. Severe Tropical Storm
1 56-63 knots (64-72 mph; 104-117 km/h) Storm Storm tropical cyclone
Category 1 hurricane
12 6472 knots (74-83 mph; 119~133 km/h) Category 3 severe
13 73-85 knots (84-98 mph; 135-157 km/h) Tropical Cyclone tropical cyclone
Category 2 hurricane Very Severe
14 8689 knots (99-102 mph; 159-165 km/h) Typhoon Category 3 severe
Cyclonic Storm
15 90-106 knots (100-122 mph; 170~196 km/h) Typhoon tropical cyclone
Category 1 hurricane ' Intense Tropical Cyclone
16 107—-114 knots (123-131 mph; 198-211 km/h)
Category 5 severe
115-135 knots (132-155 mph; 213-250 km/h) {Category 4 hurricane Super Cyclonic
17 Very Intense Tropica! Cyclone |tropical cyclone

>136 knots (157 mph; 252 km/h)

Category 5 hurricane

Super Typhoon

Storm

Y

b
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Table-1: Conduits

Table-2: Gutter and Pavements

Table-3: Smaller Artificial Channels

Table-4: Lined Artificial Channels

Table-5: Excavated Artificial Channels

Table-6: Highway Channels and Swales with Maintained Vegetation
Table-7: Natural Channels and Floodplains

UNRITDYA

- Chow, Ven Te, “Open-Channel Hydraulics,” 1959,
"2~ FHWA, Design of Urban Highway Drainage, The State of the Art” 1979.
- FHWA, “Hydraulic Design Series No. 3, Design Charts for Open-Channel Flow,”
1961.
- FHWA, “Hydraulic Engineering Circular No. 15, Design of Roadside Channels with

Flexible Linings,” 1988.

- FHWA, “Hydraulic Engineering Circular No. 22, Urban Drainage Design Manual,”
1996.
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TABLE 1: HYDRAULIC ROUGHNESS (MANNING'S n) VALUES OF CONDUITS

Conduit  Minmun  Nomal  Maximum
A. Concrete or asbestos-cement pipe‘ 0.01 1A : ' 0013 , 0015 - v
B. Meﬁl pipe or pipe-arch with
annular corrugations -
1. 2-2/3-i.nch X Ys-inch corrugatioriS
-a. Plain or fully coated ‘ , 0024 -
b. Paved invert (range rep;ese‘nﬁé 25 and
- 50 percent of circumference paved,
with larger n value 'representingf25“
percent paved) ‘
1. Full flow depth 0018 ... 0021
2. Flow 80 percent ofii'epth o.oié. 0.021
3. FlowG0percentofdepth 0013 ... _ 001 o
o 2. 3-inchx l-inch corrugations = ..... 0027 ...
3. 6-inch x 2-inch oorrugatiqns e o 0032 ...
C. Smooth walled helical spiral ribpipe 0012 ..... 0.013
D. Cormmugated metal subdrain 0.017 0.019 0.021
E.  Plastic pipe |
L Smooth 0011 ... 0.015
2. Corrugated ... 0;024 ......
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TABLE 1: HYDRAULIC ROUGHNESS (MANNING'S n) VALUES OF CONDUITS

Condtit - . Minimum Nomal  Maximum

Condults contmued

F. Metal pipe or pxpe arch w1th hehcally wound cormgahons

Smallerplpcs
12inch . 0013 ...
15inch . i ‘
18imch . o
_2lipch . . L. 0016
S 24imeh’ o Ll 0017
27inch . cies . 00187
~30inch. - - L0019
33inch - e :
©o36inch . . 0 00021
CM2inch - o v o 00220
,48 mch T s S Lo ’

......

2. Dxameters larger than , ‘ . S
T T T T T ~48 mcheswlth 2—2/3-]nch X l‘/2-mch T T e T ""“"'“'_“”"""""j’_ T
corrugations

3. Diameters larger than
48 inches with 3-inch x 1-1nch

corrugations eeen 0.027

......

G. Wrought iron
1. Black - 0012 004 - 0015

2. Galvanized - 0013 0016 0017
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. TABLE 1: ‘HYDRAULIC ROUGHNESS (MANNING'S n) VALUES OF CONDUITS

Condmt AR Minunum . Normal . Maximum

Cénciuits,aéonﬁﬁﬁed;"

’V_ll“z'_(ioaf"é‘d’ ko.'o.io,» . 0013 - - 0014 |
}‘ 2 Unooated ' - oo 0014 - 10.613:,

L V'SAt-éel @iﬁ;?weided; - 0010 o;oiz" N 0;6.1..4
1 Brick | | o

S L f'é_llaz;e&f.f‘; : "0;01‘i | 003 0015

2 Lmedmﬂlcementmorfar 0.012 0015 0017

K Commonclaydramage de 0011 | »o.,dn:_ o 9.0’17,

i

L. .Viﬁﬁ@dldﬁif-sé&ﬁ* S eon 0.014- 0.017 -

M Samtary sewer, coated with éewage:sliﬁe, : ‘
Whh bendsa.nd q‘qxinec;ibns ' 0.012 0.013 0.016
N. 'Monolithic;:goﬁcteté
1. Woodforms, rough - 0015 0017 0020
2. Wood forms, smooth 0012 0014 0016
3. Steel forms 0012 ooz . oo
0. Rubblemasonsy,cementsd 0018 0025 om0

P Laminated treated wood - 0015 0017 - 0020
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TABLE 2: HYDRAULIC ROUGHNESS (MANNING'S n)
VALUES OF GUTTERS AND PAVEMENTS

Channel - Minimum Normal Maximum

A. Concrete gutter, troweled finish ..., 0012 .....

B.  Asphalt pavement

1. Smooth texture L - 0.013 | : e
2. Rough texture . 0.016* - .....
3. ODOT Standard Curb; Low Profile Mountable . .... N 0016* ...
Curb, Monohthxc Curb and Sldewalk, and Mountable Curb :
C. Concrete gutter W1th asphalt pavement
1. Smooth : . s ) 0013 . .....
2. Rough o 0015 ...,
3. ODOT Curb and Gutter, Mountable Curband  ..... 0014 = ...
‘Gutter; and Valley Gutter
D. Conciete _pavement
e — e = Floatfimish 7T L7 oos L.
2. Broomfinish .. 0016 ...
3. ODOT Standard Curb, Low Profile Mountable Curb, ... .. oot6* ...
Monolithic Curb and Sidewalk, and Mountable Curb
E. Brick . 0016 ...
F.  For gutters listed above with small slope, where sediment
may accumulate, increase above valuesof nby ~ ..... 0.002.

......

* Flow contained within gutter. :
* The most common value used for gutters with pavement bottoms on ODOT project is 0.016
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TABLE 3: HYDRAULIC ROUGHNESS (MANNING'S n)
 VALUES OF SMALLER ARTIFICIAL CHANNELS

Values ‘are for artificial channels with flows of 50 cubxc feet per second or less. Roughness values

vary w1th depth, as follows
Mlmmum values-are for flow depths
;greater than 2 feet
. Normal values are for depths between
6 mches and 2 feet. ‘
. Maxunum values are for ﬂow depths
T less than 6 inches.
'-'Channel _ Minimum ___ Normal Maximum

A. ngld lengs

Concrete S 6:@1'53-» o013 o015

2 Groutednprap . oo oo 0.040

o ___W,«_____;:_s Stonemasonry 00 0032 - 0042
4. Soilcement 0.020 002 oms

5. Asphalt 0016 0.016 0.018

B. Unlied
1. Bare soil | 0020  0.020 0.023
2. Rockecut | - .6.025 0035 . 0.045
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"TABLE 3: HYDRAULIC ROUGHNESS (MANNING'S n)
VALUES OF SMALLER ARTIFICIAL CHANNELS

Channel Minimum Normal Maxirmum

Smailér- Artificial channels, continued.

: C ATe_m.porary-- i |
1. Woven papernet | 0015 o015 0,016 -
2. Jutonet | w1 ooz 0.028

3. Fiberglass roving 0.019 0.021 0028
4 Straw withnet 0025 0033 0,065
5. éurteq wood mat | 0.028 0035 0066

6 ‘Synthetic mat T 0.021 0025 0036

S E.i. ;' “Grass. (See Figures ';8'-112,.through
- 8;16 of thischapter,)’
TR Reme 7

1. ODOT Class 50 0.036 0.070 0.106
2. ODOT Class 100 0030 . 0.075

o ediee

. -Note: Roughness values vary with depth. See previous page.
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TABLE 4: HYDRAULIC ROUGHNESS (MANNING'S n)
VALUES OF LINED ARTIFICIAL CHANNELS

Channel

Minimum “Normal Maximum
A. ‘ Congcrete, with surfaces as indicated:

1. Formed, no finish 0.014 0.017 0.020
2. Trowel finish 0.011 0.013 0015
3. Float-ﬁnish 0.013 0.015 0.016
4. Finished, with gravel on bottom  0.015 0.017 0.020:
5. Gunite, good section 0.016 0.019. 0.023:
6. Gunite, wavy section 0018 0.022 0:025
7. 'On good excavated rock 0.017 0.020 ceeie
8. Onirregular excavated rock 0.022 0.027

1.

2.

Dressed stone in mortar

Random stone in mortar

. Cement rubble masonry

0.015

0.017

0.020

Cement rubble masonry, plastered 0.016

Dry rubble or riprap

Note: Values are for straight alignment.

0.020

20

__ _ B.__Concrete, bottom float finished; sides as-indicated: — -~

0.017
0.020
0.025
0.020

0.030

0.020
0.024
0.030
0.024

0.035



TABLE 4;: HYDRAULIC ROUGHNESS (MANNING'S n)
~ VALUES OF LINED ARTIFICIAL CHANNELS

Normal

- C.

Note: Values are for straight alignment.
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0.032

Chantiel Minimum Maximum
Lined artificial channels, continued. R .

Graveibo’t"tohi, sides as 'ihdic_’atedi

1. Formed conerete 0.017 0.020 025

2. Randorm stone if mortar 0.020 0.023 0.026

3. Dry rubble or riprap. - 0023 0.033 0.036
D. Glazedbrick ool 0.013 0.015
"E. Bﬁckih’cement mortar 0,012 0.015 0.018
F. As_phalt

l. Smooth -~ ... 0.013

2. R.ough 0016 ...
G. Wood S o N
1 Planed, untreated 0.010 0012 0.014

2. Planed, creosoted 0.011 0.012 0.015

3. Unplaned 0.011 0.013 0.015

4. Plank with battens 0012 0.015 0.018
H. Cemented masonry rubble 0.017 0.025 0.030
I.  Dry masonry rubble . 0.035




TABLE 5: HYDRAULIC ROUGHNESS (MANNING'S n)
VALUES OF EXCAVATED ARTIFICIAL CHANNELS

Channel Minimum Normal Maximum

A. Earth, straight and uniform

1. Clean, recently completed 0.016 0018 0.020
2. Clean, aﬁ_er weameﬁng oo 002 0025
3. Gravel, umform section, clean . 0,022 0,025 0.030
4. With short grass, fow weeds 0.022 0.027 0033

B.  Earth, winding and sluggish

L. No vegetation 0.023 0.025 0.030
2. Grass, soms weeds 0.025 0.030 0.033
3 bcnsef\_;‘veéd's;or aquatic plants : :
_ in'deep channels . 0.030 0.035 Q.040 :
T T T T T T B S;&;n;ﬁr;ébl: sds 0028 0030 0035
5. Stony bottom a;;d weedy banks  0.025 0.035 0.040
6. Cobble botfom and clean sides 0.030 0040  0.050

C. Dragline-excavated or dredged
1. No vegetation 0.025 0.028 0.033

2. Light brush on barks 0.035 0.050. 0.060

Note: Values are for excavated or dredged channels with.natural linings.
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. TABLE 5: HYDRAULIC ROUGHNESS (MANNING'S n)
' VALUES OF EXCAVATED ARTIFICIAL CHANNELS

' Cha'nnel :

Mirimum Normal ‘ Maxlmum .

Excavated artificial channels, continued.
| _--‘Dv. | Rock cuts. |
= Stmooth and niform.
2. Jagged and irregular

" E.  Channels not maintained; weeds

" 1. Dense weeds, high as flow depth

~ 2. Clean bottom; brush on sides

3. Clean bottom, brush on sides,
~ “highest stage of flow

I v;-~——;—_~~4-——DéaSeﬁbr;ls’h;high—stAgem—— S

Note: Values are Jor excavated or dredged channels with natural’linings. '

10,025

0.035

0:050

0040

0.045

-0.080-

93

0035

0.040

0.070 -

- 0.050

: 0;0_40

0.050

0.120

0080

0.110

,___..._4_.—_0::1 00 S N0:1A40‘ e o e




TABLE 6: HYDRAULIC ROUGHNESS (MANNING'S n) VALUES
‘OF HIGHWAY. CHANNELS AND SWALES WITH MAINTAINED VEGETATION

Changiel Minimum Normal Maximum

Range of roughness values. represenits flow velocities from 2 to 6 feet per second with the higher
roughness Values representing the 2 feet per second flow velocity.

A. Depthiof flow.up to 0.7 feet

I. Grass
a. -Mowed to 2 iriches 0.045 R 0.07
'b: Length 2 inches. |
to-Ginches 005 ... : 0.09
2. Grass, good stand
4. Length about 12 inchies 009 ... 0.18
b Lengthabout 24 inchies 015 ... 0.30
- - 3. Grass fairstand— — — -~ - -~ o~ 7T~ .
a. Length about 12 inches 008 0 ..., 0.14
b. Length about 24 inches (13 X 0.25
B. Depthofflow 0.7 feet to 1.5 feet
1.  Grass
a. Mowed to 2 inches 0035 ... 0.05
b. Length 2'inches
to 6 inches 004 ... 0.06
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: TABLE 6: HYDRAULIC ROUGHNESS (MANNING'S n) VALUES
OF HIGHWAY CHANNELS AND SWALES WITH MAINTAINED YEGETATION

Channel Minimum Normal Maximum

Highway channels and swales with maintained vegetation, continued.
2. QGrass, good stand

a. Length about 12 inches 0.07

e 0.12

b. Length about 24 inches 0.10 e 020
3. QGrass, fairstand

a. Length about 12 inches 0.06 ceies 0.10

b. Length about 24 inches 009 ... 0.17
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TABLE 7: HYDRAULIC ROUGHNESS (MANNING'S n)
VALUES OF NATURAL CHANNELS AND FLOODPLAINS

Channel " Minimum

Normal Maxnmum
A. Minor streams (top width at flood stage less than 100 feet)
1. Streams on plain
a. Clean, straight, full stage, o R
no rifts or-deep pools - 0025 0.030 0.033
b. Same as above, but- more stones -
and weeds 0.030 0.035 0.040
. - Clean, winding, some pools = " : o D
and shoals 0.033 0.040° 0.045
-d. Same as above, but some weeds _ T
and stones. 0.035 0.045 - 0.050
e. Same as above, lower stages,
irregular slopes and sections o
-~ — -withmore-ineffective flowarea = 0.040 — "~ 70048~ 0.055
f. Same asd, but more stones 0.045 0.050 0.060
g. Sluggish reaches, weedy, deep
pools 0.050 0.070 0.080
h. Very weedy reaches, deep pools,
or floodways with heavy stand of
timber and underbrush 0.075 0.100
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TABLE 7: HYDRAULIC ROUGHNESS (MANNING'S n)
VALUES OF NATURAL CHANNELS AND FLOODPLAINS

Channel Minimum Normal Maximum

Natural channels and floodplains, c'ohtinuéd.

2 Mountam streams no vegetatlon in channel, banks usually steep, trees and brush along
banks submerged at high stages - .

a Bottom:' 'grave]s,_cobbles, and few ‘ ’
boulders: v 0.030 0.040 0.050

b. Bottom: cobbles with large . - .
‘boulders 0.040 0,050 0.070

B. ~ Floodplains
1. Pasture, no brush
a. Stortgrass o 0.025 0.030 0.035
b. High'gxéss o 0030 - 0035 0050

2. Cultwated areas

a. Nocrop - 0.020 0.030 10,040
b. Mature row crops 0.025 0.035 0.045
c. Mature field crops 0.030 0.040 0.050
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 TABLE7: HYDRAULIC ROUGHNESS (MANNING'S n)
VALUES OF NATURAL CHANNELS AND FLOODPLAINS

Channel ' ‘Minimum - Normal ©  Maximum

| . Naﬁlfal"chéﬁﬁels.and ﬂoodplﬂihs,poritihued;

" Sctrsdbrush heavyweeds 0035 0050 0070

b Light brush md‘tqqeg;'in-winfer' ©0.035 S o;b‘sp .; _o.'osoi_w =

- c :Ligﬁt:bmshmd trie_es-,fin-smﬁmgr 5 ‘oﬁo‘4'os o o:'0§o..v, ' 9_03;5-; ‘_

L & M;éimﬁtadéﬁgébmgh,;in wintet 0045 Y R
"e. ‘Medium to dense Bméh’,- in summer  0.070 o;.1oo" | 0.1'60

& Dense willows, suromer, straight - 0.110 0.150 0200

- b ‘Clgﬁllﬁna—ﬁlﬁxvtre?sfu"r‘nps_,lf_ T T T T e e e A'"" T

sprouts - © . 0,030 . 0.040 0.050

¢. -‘Same as ébove, but with heavy A
growth of sprouts 0.050. 0.060 - 0.080
d.  Heavy stand of timber, a few

down trees, little undergrowth,
flood stage below branches 0.080 0.100 . 0.120

e. Same as'above, but with flood stage ' '
reaching branches . 0100 0.120 0.160
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_ TABLE 7 HYDRAULIC ROUGHNESS (MANNING'S n)
VALUES OF NATURAL CHANNELS AND FLOODPLAINS

Chamnel Minimim  Normal ~ Maximum

* Natural channéls’ and ﬂoodplains co‘ntinue‘d
~ C. Major streams (top width at ﬂood stage 'more than 100 feet). The n values are less than ‘

those of minor ‘streams thh similar description because banks offer less effective
resmtance ' :

1. Regular sectlonmth no boulders or S -
 brush N 0025 ... 0.060

" 2. Trregular and rough section 0035

99




	Title
	Abstract
	Content
	Chapter1
	Chapter2
	Chapter3
	Chapter4
	Chapter5
	Reference
	Appendix

