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↳ I

8cean v. . Sea

↳ ends of ocean reaching land

* D Difference
CT

Not imps scean data

-

coastal science v.. coastal engg.

coast -> waten edge that never gets wet

· shone + land along the edge of sea

coastline- > boundary between coast & shone

·
shoneline -> highest mean water line

= Beach- > land along walenbody ; loose particles
--

* coastal hinterland -> land inwards of coast
E

supplementary data on beaches
-

Ref book : #1
,

#2,...
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Lea 2-4 : Tides & current

wave - > transfer of energy ;
vent. movement of water

Tide-s due to gravitational pull

High tide -> water reaches highest pos

happens on the side of moon

Low tide - >

Intentidal zone - > submenged duning high tide

visibl e 1 low tide

tidal bulge
Tide generating fonces :

~
Gravitational pull

wichtide
nigh

tido
rocentrifugal fonce

for notation

Tidal phenomena

Tidal range -> diff in water lub btwn high and low tides

Tidal period -> time between high Aides

For Bangladesh,
** S Awo high tides 12 his 25 mins

two lowAides Why not 12 his 1
I

&
-13

°

/24hr Earth notation w . n. to sun ->~24hns
52min

=> Sum
N 1 moon -> 24 has 52 min

7 Most

Earth
hourly 13

%

E2- Since, moon not
x60 x 13 = 52min fined pos
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A

Moon
, mm

Earth, ME

Dm

Let
, Mr = mass of Earth

mm = mass of Moon

Ms = mass of Sun

Dm : mean dist from Earth to moon (2/27

Ms= As Sun (2/23

R = nadius of Earth

K= const .
of gravitation

considering point A, facing the moon ;

Tide producing fonce Fr of the moon on unit mass at A is given by,

-

Fm = kmmmR)2-m
= kMmRL2DM-RDm

Assuming nadius of the Earth R very small in comparison to

the distance between Earth & moon,

Fm = kMm (R)



Similarly ,
fide producing fonce F of the sun on unit mass of

A is given by

Fs = km
, (R]

Hence, .m

Now, mass of moon
, Mm = 7 . 3x10" metrictons

Ds = 149758880 km

Dm = 384835 kM

Ms = 2x18" metric fous

m = 0 . 464



Daily tide cycle

*** Tidal pattern Cleann examples, graph - qualitative]

Explain/Differentiate [18-12 monks]
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L84

Full
,

14th d

MosM Earth Sun

Earth Moon Sum

New,
othd

Spring tide- > strong tide
E

M
M

Neap Aide ->Weak fide E -

S

M

spring
↳ normal
-
↳ nexp
-
2

Tidal cunnent

Coast -> flood curment -> flood fide

seawand -> ebb cunnent -> ebb Aide



Tidal cunve

Tidal hange

Tidal level

*** Graphical representation of tidal teams

mHwS -> mean High water Springs on the day of highest Aide,

mLws -> mean low water springs arg of two high
mHWN -> mean High water neaps

MLWN - > mean low water neaps

---

Highest/lowest astronomical tide

CT -> Tide
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Tidal bones

Characteristics

not
impo Tidal stream

for
ela & Tidal flow

*** Tidal chans of Bangladesh [memo at least 87

CT -> up to this class

sinu... Aide

Denivation

High fide gap 58 minst

Graphical nepne. of tidal terms

6 def" (e. g., MHWS)

->

Fide def" ; high tide ,
Now tide

,
intentidal zone

Fide generating fonces : sun-moon gravity , centrifugal fonce

influence of sun/moon gravity on fide

enivation
,

46% why/how

Spring tide, heap fide

* uns 58 mins

Fidal patterns : Diannal, semidiunal Ignaph ind.
Fidal terms diagnam (6 defi)
Tidal bones

,
chans

chans of Bangladesh
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Ponts & Harbons

↳ ship maintenance mostly (repain,
fuel

,
shelter, ...]↳

may contain one on more harbons

commercial
,

necneational
, cango stonage,...

Pont types

Inland port

Fishing part

Dnj port

warm-water pont -> available all amount the year-> chif.port, singaporeont
seapont -> cruise pont on cango pont

Ocean port

Freeport

Harbon classification < Provide example]

Based on formation -> Natural hambo m

Semi-natural

Antificial

Based on function- > commercial

military hamban

~-

Based on location- > sea hambor

Riven ↑

canad II
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Tides

Defh : Waves caused by the gravitational attraction of the moon

& the sun.

High fides : when water reaches its highest point. Occurs at the

side facing the moon.

Low Aides : when waterreaches its lowest point. Occurs at 98"

of high fides.

infentidal zone : strip of seashone that is submenged during high

fides but exposed during lowfide.

Tide generating fonces (TGT)

Gravitational -> moon &Sun

centrifugal

-> Due to gravitational attraction fonces
,

a tidal buldge is created

on the side facing the moon on sun

E M

-> Due to centrifugal fonce (and due to water being left behind

a second buldge is created on the side facing away from the moon.

E M



-> Together, they form two buldges; on each sides corresponding

to high fides. And low tides occurs in places between the

high tides.

-> As Earth notates between these woten bodies,
different places

on Earth observe these phenomenons throughout the day

-
dow

-high
high- > E S

M

3

*low

-> similar to moon
,

sun also has effect which is 46% of moon.

why 46%:

anoitational fonce between two objects : F = G mim
Tides are created by the difference of gravitational pull between Earth

surface and its center :

For moon : Fm = kMm [Comr-o) (assume fonce between

moon & 1 unit mass of

water : GM
,

= G x 1 = K]
= kMm [Dm2-Dnt IRDm-R2 ]

(Pm-R] "Dm2

= kmm[RC2Dm-RS



Considering R Dms

Fm = KMm [R2DM
: kMm [R]

similarly ,
for Sum

, Fs : KM
, [R]

Now,Ms m

=1027Only
= 8 . 46 246 %)

SpringAide : Securs when moon and sun one on the same on

opposite side of Earth.

such that the tidal constituents M2 and S2's peaks

align with each other. On gravitational buldges align.

As a result
, high fides are higher than usual.

M2
M
.M



Neap Aides : Occurs when moon &Sun one at the night angle of

each other.

High tides are lowen than usual and low fides are highen

than usual

spring
↳ normal
-

neap
=A-

12 his 25 mins between two high fides :

Earth notates on its aris in 24 hourswest to east]

At the same time, moon changes its position (into east] by around

13 %

Earth takes around 58 minutes to catch up with moon's new position.

24x60 x 13 : 52 minutes



Tidal Phenomenon :

Tidal range : Diff. in water level between high and low fides

Tidal period! Time between two high tides

Tidal cycles / Tide patterns

Semidiumal : Cycle with two equal high and low fides each solar

dong
. Period between two high fide is 12 hms 25 mins.

Found on Bangladesh

↑

·
8h 12h 24h

Diunnal ! cycle with one high and low fide each solar day.

Period 24 hns 50 mins .

Found on Gulf of Merico

·
-

8h 12h 24h



mixed tidal cacle : Cycle with two high and low tides

but of different sizes .

Along the western coast of North America

↑I
diennal inequality

84 12n zuh

Tidal currents : movements of water toward and away from the

crast as a result of the rise and fall of Aides

Ebb cunnent : from coast towards ocean

Flood current : from seean towards coast

Tidal terms :

mean high water springs : Avenage ofAws successive high water

during those periods of 24 hours when the range of the fides

is at its greatest throughout the year.

Spring hange Neap range
MHWS- -L

MHWN-V

meaner-~mLWN-

MLWs-



Tidal bone ! A phenomenon that occurs when the leading edge of

a fide forms a wave that nushes up to a channel/nivery nannow

bay against theriver's natural current.

Characteristics :

1. Entneme case of shallow water effect.

2. Happens inside ariver on estuanies with steeply shelving bfm.

3. Manked by a sudden & napidrise of wall

9 .Creates a distinct wall of water that moves aggressively uks.

5. Height is about 0 . 3m to 5 . 5m

6. 3 to 28 knots

7. May on may not break depending on topography.

Tidal characteristics of Bangladesh

1. Originates in the Indianscean

2. Travels deep into the Bay of Bengal , approaches coast

from south of Hinan Point & Con's Bazan.

3. Avenage tidal range is 15m in west to 4m in Sandwip

channel. Spring tidal hange can be 6 m

3. Seasonal variations in mean fide level due to pressure vaniations.

5

. Semi-diunnal

6. Tide inequalities 8. 55m to 8. 15m

7. Tidal bone of south of Uninaham

8. Neap velocity of spring vel
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Ponts vs. Harbor

Pont terms

--

offshure terminal

Site selection for ponts

Features of harbor

Entrance

Approach Channel

Turning basin

sheltered basin

Wharves & Quant

Jetties & Piens

Locked basin

Breakwater

Harbor layout

*** Components of Hambon (diagnam) (Preferably first one)

Requirements of a good harbon
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Coastal processes

coast

Importance of wave

wave types - > constructive / destructive

continental shelf

DDD Coastal processes (3 impactsw/ example + eff.)
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coastal process

Denudation

coastal flooding

*** Processes of erosion

Not impo landforms of erosion
for final but

for CT/mid
Enosion structures

coastal deposition

sediment transport

Beach sediment properties

modes of sediment transport

*DD Beach profile (dnow and deft components)

combine two profiles into one on draw two separately

for second, just mention the 3 to 6 terms Cuppen labels)

Total 8 terms

sediment transport

*** Mechanism causing beach profile change (Ref: book; not slides)
↑ 261

Chest -> onshone vel.
1

. Wave motion
-> strongest lowen dunation

though- >
Offshore vel.

↳> weaken longer dunation



2. Gravity :

beach

↓ Y
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mechanism causing beach profile change &impo for final [less for at

3. Undertow & nip current on enam may be asked to

4. Turbulence from breaking wave - any two

5. Wind effects - onshone
,
offshone

sediment transport

Longshone transport

Processes

model theories fo.... I just name except one

Energy flur model

--

cross-shone transport

model theories I just name

simple ↓ only first formula [2s = KL...)]
if9s -> + -> ---

sediment transport and coastal processes

--

Gabions

Longshone ban

Beach nounishment I mostly recneational

sand spit

Tombolo



Prediction of potential longshone transport nate won't beEdenivation

asked]
The potential longshone sediment transport notes

Pe = (ECg) y
sin& 28s&

= LECg) b [sin 20

whene
, Es is the wave energy evaluated at the breaker line.

Ey=gHy
and , Cgy = wave group speed of the breaken line

= Ed :

Hene,

K = breaken index=
Hy= breaker ht

dy : water depth of breaken line

CECg]y = wave energy flun evaluated of the breaker zone

&
b

= wave breaken angle relative to the shoneline

immensed weight transpont note
, te = KDe

=K LECg] y
Y2 sin 24

: k LgHb (gHsin2d

Je = K (g3) Hp* sin2de



The longshone sediment transport note is expressed as the potential

volumetric longshone transport nate (G1).

Il

Q1 =

(Ps-P) 8(1-n)

whene,

Ps = mass density of the sediment grains
= 2650kg/m3 for quarte density sand

p = mass density of water

= 1825 K8/m3 for 33ppt solt waten

n = in place sediment ponosity : 0 . 4

g = acceleration due to gravity = 9 -81ms2

K = 8 . 78 for flat beaches

> 1. 8 (depending on beach slope]

K = 0 . 05 + 2 . 6 sin2 (2x3) + 0 .007m
wf = fall velocity

Umb : marimumoscillating velocity magnitude

-IAb



math

hb = 2 m n = 8 . 4

Ps = 2650 kg/m3 K : 1

&b
= 4. 5 & for flat beach -> 8 .7

wf = 13 . 1 cm/s = 8 . 131m/s

T : 20%

Q =?
~

PJG
Qu = K

161" (R-P) (1-n) Hosin2d
-

K=
2

=) 1 = Is
=) db = 2

umb:de
= [GX2 = 2 . 21 mis

K = 0 . 05 + 2 . 6 sin2 (2x3) + 0 .007m
-0 . 05 + 2 . 6 sin2(2x45) + 8.007x
= 8 . 232

1025x582
·: De = 0 . 232 [ 16x1"2 (2650-1025) (1-0 .2)]

= 0 . 048 m3/s 8 . 842 m3/s

= 4125 m31d 3628. 8 m3/d



LI2 22/87

Deltas and its characteristics

introduction

How delta is formed

Flocculation process

composition of delta [Include figure]
monphology
Lowen detafaic plain

** How defla form/ process
same

How Aniangular shape
3
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stages in Delta Formation

[Include figure)

Types of delta based on shape

[memo examples]

Types based on controls of deposition

causes of sea lul wise

Impacts" 1
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Bangladesh Delta Plan (BDP) 200 Lenclude pages not mentioning

&A Delta Challenges
3*DA Delta opportunities may skip numenical values/areas/blue

↑Hotspot : Planning & implementation Skil > Def" area

Hotspot : Issues & challenges 3 > mems at least from

> skip in between

*A strategies for hotspot under BDP 2100

↳ memo min five measures + main strategy)

E8L
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Tidal Theories & Tide Tables

Tidal theories :

*** Newton equib. Theory (what
,
explains what, limitations]

caplace thesi

priming and lagging of tide

*A characteristics

*A figure

Tide Aables :

* Tide gauges
Prediction of Aides

Age ofAide
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Prediction of tides

Age of Aide :

Lunitidal interval :

mean establishment :

Vulgam "

-

HeightofAide -memo famula&whoame & time pen
.

-



math)

we know that the moon falls behind the sun of a note of 50m pen day.

Hence, of the binth of fide ,
2 days earlier , the time of moon's transit,

= 4h 40 mn-(2x50]m

=>Th 8 m

From the table
, conresponding to the time of moon's transit of 3h om

The connection for priming= - 4/m

Therefore, lunitidal interval : mean est. .+ connection

= 3h 150m - 41m

= 24 29 on

now, the time of high water= time of moon's transit + lunifidal interval

= 9h 90m + 2h 29m

= 7h 89 m = 7 : 09 PM



moon transit on the day : 3h 20 min

mean establishment : 3h 15 min

Age of Aide : 3 days

~

we know that the moon falls behind the sun of a note of 50m pen day.

Hence, of the binth of fide ,
9 days earlier , the time of moon's transit,

= 3h 28min-(3x50) m

= 88h 55 on

From the table
, conresponding to the time of moon's transit of on som,

The connection for priming= - 13 . 33m--13 min

Therefore, lunitidal interval : mean est. .+ connection

= 3h 150 - 13 m

= 3h 82 on

wartennow, the time of high= time of moon's transit + lunifidal interval

= 3h 28m + 3h 82 m

= 6h 22 m =
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what do coastal structures do compulsory from

thisis likely

1. Stop water

2. Hold water

& coastal struct : High/soff

Advantages of hand over soft

C Objective

study each struct from separate PPF (P8151)

sea dikes

Seawalls

Revetment

Bulkhead

Gnoins
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Lec 87-88 : Ponts & Harbon

Harbon: An enclosed water area protected from storms providing
safe accommodation to vessels seeking refuge, anchonage, refueling,

and transfer of cango.

Pont : A commencial shone facility containing one on more hambons

where vessels dock to transfer passengers on freight to/from

land

Types of pont :

1. Inland port : On canal/niven connected to sexocean.

2. Fishing pont ! Handling & distributing fish ; eur. concerns.

3. Day port : center for transshipment of sea cango tr inland

destination. Connected by noad/nails directly to sea port.

4. Warmwaten pont: water doesn't freeze in winter
, enabling year

around commercial activity.

5. Seaport : subdivided into cnuise pont (home port/ports of call)

and cango pont (bulk,
break-bulk, contained port]

6. Ocean port : Deep-water ports of call built in boys, estuaries,

open ocean accomodating lange ocean-going vessels. E. g., Kolkata

7. Free port : Isolated , policed duty free zone for handling , manufacturing

repackaging goods who customs intervention. E. g., singapone



classification of harbons :

By formation : Natural
, semi-natural, artificial

function : Military ,
commencial, refuge

location : sea
,

niver, canal

By formation :

1. Natural : Protected by natural contouns, nocky-headlands, islands.

E.g; New York

2. Semi-antificial : Natural headlands on the sides but require man-made

protectionsot the entrance. E.

g., Plymouth

3. Antificial : On open water
, created by dredging and breakwaters.

E. g., Chennai.

By function :

1. Commencial : Busiest of all; designed with docking and beathing,

and single commodity on general cango handling facilities. E.gs madnas.

2. Military : Lange naval base providing maintenance
,
benths

, supply

depot for warships and ninchaft canniers. E .

g. Peal Harbon.

3. Refuge : sheltered refuge during natural storms; require strong
bottom anchonage and easy sea access. E. g., sand Bay.



By location :

1. Sea : Along seashone; international shipping & logistics.

2. River : Along nivers connectinga sea ; inland transportation.

3. Canal : Along canals" " 1 ·I

Hanbon vs. Ponts :

Hanbor Pont

Defi small natural/man-made anew Lange man-made commercial hub

providing shelter to vessels from used for import empont, draking,

stormy weather. boat stonage ,
etc.

Function provide shelled
, anchonage, Dockings passengers infout,

necneational water sports. freight injout.

Accessibility Easy access from sea for safety Accessed via commenial sea noutes,

REASONS . noad/nail linkage, canals/nivers.

Facilities minimal commencial facilities ; Lifts,nones ,
fuel/chemical stonage

focus solely on safet. repain areas, nail/noad links.

value valuable safety refuge for vessels. Economic asset to country.

construction Man-made/natural man-made and lange



Pont terms :

1. Pont of call: Intermediate stops for a ship on its sailingroutes

where cango, supplies, fuels
,

on passengers are taknen in/off.

2. Manine terminal : Designated area on a pont for docking , cango

handling , and transit storage . Classified passenger terminal , oil

terminal .

3. Offshone terminal : mooning structure on open deep water when

nearshone bueths are impractical.

Factors for port site selection :

1. manine condition & approaches

2. Seabed & subsoil cond.

3. Connectivity & transpont link to hinterland transport network.

4. Existing & forecasted seaborne Anaffic .

5. Hinterland economic base

6. Reliable & sufficient availability of supplies, electricity

7. Land & material availability.

Factors for harbon layout :

1. Littonal drift

2. Protection from storm waves

3. Eff . of submanine waves

4. Shape & size of harbour

5. Layout of wharves & jetties



components of harbor :

Shone

12(((((((( / 2 / 1 I x 1 / / / / I

QUA
Sei setfiel

-> = A

A SEN

Breakworten

Pier
Breakwater

Turning
=>-

E

Approach
Basin

&
channel

->*

Benth Whanf
Breakwater

X

Entrance

Requirement of good harbon design :

1. Sufficient water depth

2. Secure anchonage

3. Protection from wave action

4. Approtection from



·At

I
breakwater
↓MAumi

pier
↓

Qui what

day dock wef dock
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Detached breakwater :
land

ad

↳-
Sea

what - how does it work-drawing (why) -> type of mat, cnest

short note on specific
↑

Reef breakwater :

submerged sills

*** Beach drain

** Pos -> ob; & func

~ tete
Chap 6 : 52 page PDF

1.
5

. 1
,

3
, 7 , 8

,
18

,
13

,
17

1. 2 . 25

Failure

*A Rubble mound failure mode

seawall/reventment : only failure mode [5)

Floating struct - failure (4)
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Revetment design design
Hiftmun

Design wave ht
,

H = 42 If&Design wave period ,
T = 4 . 25

RL of the nd Ivl = + 118f MLLW

storm sunge ht = 3

50 yn high water lvl = + 1 .92 If MLLw

MAHW : + 1 . 42' MLLW

Bed lul of the end of bank slope = + 1 . 80 mLW

Bottom slope of sea Ivl : 1 : 10

Design water Ivl = storm sunge no + 50gn water lul

=> 3 ' + 1911 = 4 .91 (MLLW]

a . Breaking wave criteria :

ds : water depth of the structure

= 4 . 91 -1 . 88 = 3 - 9/

T = 4. 25 Jes

meanshone btm slope, m=0
: 8 .

:45
: 8 . 8067

13:
3.

65336From graph,b vs

#b = 1 . 45 ↑
·: Hs = 1 .45x39bal) 4257

: using H = 4.28 for design
~



b .
Anmon size def .:

-~ ato

w= neg. individual anon unit WA
,

eb Com 250 for graded nipnap)

Up = specific wit of the armon unity 1b/ff3

Vw : specific we of water at the site

KD = Stability Coeff -

* = structural slap 2

(i) Ripnap : same
; no need Ar head chang

~L +11 MLLW

Ur = 165 1b/ff3
=2

nanmena
Ww = 64 Ab1 ff 3

RD = 2 . 2

filfen layen

Wis:x Lux
= 785 lb > 508 1b

Guaded nipnop this songe was be difficult to obtain economically

* Quannastome :

cate : 1 . 5 to 3

Assume cof 7 = 2

Kp : 2

~.IbexCh == 80l



* Thehange of anmon stone weights for a cover layed of 2

quannystones could beray from 8 . 75w to 1 . 25w on 585 16
-

to 875 is with aboutopena of individual stones weighing
-

more than w 2780 13

Anmon tagen thickness :

M: n Ko (t]
Ye

m= layen thickness in feet

n = number of ammon units laven

Kp= layen coeff .

= 1 . 88

M: 2xIx (gTTs;
= 3. 4 If

number of quannystones pen anea,

Nn = Ank .L1-fr) (Fr]2
P = ag ponssif of the coven laen

= 37 %

using A = 188 ff2

Nr : 1000x2XIX [1-3] [6340
450 stones per 150 ff4



d .
wave nunup est .:

= emp [cr2p) -"

Co,
9

,
= negression coeff . given as 8 . 00089 and 8 . 834 respectively

~

8 : acceleration gnauilty

Tp = period of peak energy density of wave spectrum

Hmo : energy based of of the zenoth moment

4 :2
~-

Hmo
eup [000089(x)

-

Bing

↳2 = 1

=> Hmo : 4 . 12 If

Maximum nunup :

·

-tak:n =2

Rman:ba
Run = man vent. nt of the nunup above the Sw

ob= regression coeff . determined as 1 . 022 and 0 . 247

respectivel

&= surf panameten



Aman-
022x2 :37

: 1 .53
H (8 . 247x2.353

· Ran= 6 . 29 If

Chest er .
= 491+ 6 . 29 = 11 .28

~ 11 . 25 If

Page 97/110
Table 2. 3

,
2. 4

Sample POR
not be given

may appear as diagnam

30 manks

* Filter neq <ind.
comp. -> moth

may mentin specific
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Design of seawell

H= 1524 m

d = 2 . 524 m [if'd" not given,
d = # +2]

T: 7 . 468 sec

Kp = 2 [stability creff . ]

unit wt of anmon unit, Pa = 2 . 65Time

Density of seawater
, Pw = 1025 Tim

Layen coeff
., kp = 2

slope, =
1 in 15

COAX = 1. 5



Anmun lagen design did

dram anmon lajen

Unden lagen
not of anmon unit :

bennwaseAd

to e come
layen Areann

-

-5.24 s filter lasen/bedding lagen
S

= 0 . 78967 T = 785 kg Gestette/sand
Chest width of anmon layer

B= nKy (a)
Y

n = number of stones= 3

= 3XIX (85y
Ye

= 1 . 9998 m

Thickness ofanmon layer

Ainkp(a)
;

ni

= 2xix (85]Y
= 1 . 3332 M

Ygpz:22por
= 0 . 0040)

t:4682
= 8 . 00229



From graph
:

- be given

↑ = 0 .86 =) M2 = 0 .86x1524

= ly1m

Crest elv : (2524 + 1 . 31) = 3 .834m

under lagen design :

we of under layen=A

·
05

A85

= 8: 07855 to 0 .8523T

Thickness of under layen : depth of anmonz 1 . 3332m

Cone sayen design :

wf of arna layer=A : 0 . 00785T A 0 . 30196 +

too benn design :

we of be benu== 8 , 0785 N 8- 85235

widA -> 2H = 1x1524 = 3 . 848M

Depth ~ = 8 . 4 d =

84x2 .524 = 1 . 8896 M

Depth - = Depth of too benm = 1 . 806



structure nf := thickness (anon + under + bedding laxen] + depth (too bean]

=> 1 . 3332 + 1 . 3032 + 18096 + 1 . 0096

= 46 . 56 m

nt of struct = wa Lamon umit + undert come layen] + for benn

= 8 .94955 T

compulsory- > either today on last see's math

each tape math may be asked
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math -> all; see 2824/25 ques

Constal struct fund & purpose [table] 5-7 count

Failure mode... a, b
, 2,

d fail defh, why fail

Breakwater 11t fig -> sloping ... str . break water fig

seawall -> captio only

overcomming -> frilune

sea dikes ->--- caption only

X vent . SArc-

sloping something
floating struct - 4 filune name only

~

Topes & comment figs - spring wh ,
loe

Ponts &... -> diagno comp layout

Delta -> month, stage, diag
-> Beach profile, Zone

math theonz-

memo unit wh

Coastal proc. -> 5 something on are [slide ?? 5
bed 1d thos , wash la

Delta plan> nobmnt, challenges issue

strategis measure 3 4 points

tidal theo -> harmonis non-hanm-/thery , assume

mate
dia needed - dirgnam mot need
-~

seawall, nevetment math

Comp . ->



Rough/ Final 821II

22a 1 Introduction

Ocean -> langer body of water (total 5)

sea- > part of an ocean
; pantially enclosed by land

coastal engineering -> study of processes going on of the shoneline

& construction within the coastal zone.

watan shone/beach coast -> coastal hinterland

Shoneline coastline

~
coastal anex



Lec2 Tides & Cunnents

Tides : Periodic rise & fall of the ocean's surface due to moon &

the sun's gravitational pull.

High fide ! When water reaches its highest point
at the side facing the moon

Low tide : When waterreaches its lowest point

At 90 of the side facing the moon.

intentidal zone : the strip of shone that is submerged during
high fide and exposed during low tide.

causes of fides (constituents] :

1. Gravitational interaction between the sun, morn , and the

Earth.

2. Centrifugal fonce of Earth

formation of fides : Due to Tide Generating Fonces LTGF-Gno ., Centri]

-> Due to gravitational fonces btwn Earth & the moon, a tidal

buldge is created on the side facing the moon :

Earth
Mo0M



-> Due to Earth's notation
,

and due to water being left behind,

a second buldge is createdon opposite side of Earth :

Earth
Mo0M

-> Together, the fam two buldges of water on two sides,

experiencing high tides on regions that notates through these

side) .

-> Low fidal zones are the places between these two buldges.

& low

high -> - high

& low

-> similar to Moon, sun has effect that is 46% of Moon's

Tides are formed due to the gravitational finces difference on a unit mas

between Earth's surface and its center.

Fr : KMm[R-T]
Since R Dms

Fr =kmRD
: kMm [Da-DuZDm

: KMmR
: km2RIDm



similarly
,
F : Km,

: Es.Ms

-evenoux
·

- d . 46

=> Fs = 8 . 46 fm

Tidal fince envelope :

Finst
Quanter

M
N

Nead Aide

L

Spring Sporing
Full Moon M *

Aide tide
* M New Moon

Sue

Neap fide

*
m

Third Quarter



Tidal phenomena!

Tidal hange -> diff in water Irl btwn high & Dow Aides

Tidal period - > time diff btwn two successive high tides

-> 12hm 25 min for Bangladesh

two high, two low fides

Lunan day -> time diff betwe two successive ro S
Eastwond

130
moon svenheads

E
-> 24 ho 58 mins

24x60 x 13 : 52 mins

-> 58 mins

-
mean time
orbit elliptical

Tidal cycle
:Semi-diennal, divnnal

,
mixed-tidal colle

Semi-diurnal : Each kenon day has two nearly equal high and low

tides. Each is 12h 25m apart.

Er. Coast of Bangladeh.

Diunnal : Each Lunan day has one high and one low tides.

En. Gulf of menics

mixed : Each lunan day has two cales but they're of vanying heights.

11 diff is called tidal inequalities.

EU. Western coast of North America.



Semi-diunnal Diennal

+ 2 I
- + 2

+ I + I

*- *

~ I ~ I

-I -I

J 6 12 It 24 h J 6 12 18 24h

mined fidal

Cycle
+ 2 &

, 3 tidal ineg+ I

*

~ I ↑

-2.

J 6 12 It 24 h

Tidal cycle: Range of low and high tides throughout the peans across

the country.

spring fide ! When the moon, Earth
,
and the Sun fall in a straight

stang fide line and their tidal finces are additive

Higher/lower Jecuns during new moon & full moon.

Neap fide : when the moon and the sun pull of night angles to each

weak fide other ,
their fidal fonces are substractive.

less high/low occurs during first and third quarters of moon.



Tidal cunnent :

movement of water towards & away from coast as a result of wise

and fall offides.

Flood tide : current flows inward ; water lul rising

Ebb fide : cunnent flows seaward ; " "falling

Tidal curve : Graphical nep ;2-> time

% -> no

Tidal hange : consecutive high/low height ,
diff

Tidal Lul : conform hts defined using astronomical fide over duration
,
los

Astronomical tide , meteonological fide

mean High Water Spring (MHWS) : The avenagehf of two successive high Aides

during the 24hns period when thehange of fide is highest throughout the

year .

MLWS : Aug he of two successive low waters

M HWN

M LWN

mean spring mange : Diff between Miws & MLws

mean heap range :
1

" MHWN & MLWN

Highest autonomical fide

Lowest I 1



MHWS

··MLWN-
3

-MLWS I

Tidal bone! Sudden and napidnush of water through a channel due to

fidal rise.

chans : 2. Entneme case of shallow water eff.

2. Sudden & verticle wise and nush of water through open channel

3. He vanies from 8 . 3m to 45 m

4. Speed 3 A 20 KNots

5. May on may not break

Tidal chans of Bangladesh :

1. Originales of Indian Ocean

2. Travels across Bay of Bengle &reaches Con's Bazan & Hinan Print

3. Mean fide hange 15m to 45 m

4. Seasonal variation in fidal ful due to pressure & wind vanials
5

. Semi-diunal

6. Tidal ined = 0 .55 to 0 .15 m

7. Tidal bones of uninchan

8. Vel ofheap fide lowen.
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Lea 3

Hambor: An enclosed watery area protected from storms to provide safe

accommodation to vessels seeking shelter, repair, refuelling ,

transfer of cango, supplies.

Port : A commencial shone facility containing one on more hambon where

vessels dock to transfer people/freight folfrom land.

Types of pont :

1. Inland port : pont on a navigable lake, canal, river connected

As sex.

2. Fishing port : pont for handling, loading fishing. Enr
. concern.

3. Day port! Intermodal pont connected by nond and nail to

land destination. Center for transshipment of sea cangs-

9 . Warm port : water remains unfrozen yern-around.

5

. Sea port : subdivided into cango pont anwise port.

cango pont : Handling of cango; bulk port, breazbulk
, contained port.

cruise port: boanding/unboanding cnuise.

6. Ocean port : port of call for lange ocean-going vessels.

7. Free-pont : Isolated
,
customs free port for manufacturing, repacking,

repaining.



classification of hambon !

Based on formation :

1. Natural ! Formed by natural geographic features such as boys ,

mountains
,

islands.

protected by land contours .

E. g, New York

2. Semi-natural: Require man-made structure for additional protection ,

typically at the entrance.

protected by headlands on the sides and man-made struct at entrance.

E.g. Plymouth.

3. Antificial : man-made harbons
, where natural protection is

insufficient, protected ba breakwater on created using dredging.

E .

g, Madnas

Based on function :

1. Commencial : loading/unloading of cango

busiest of all; docks & benths available for handling cango

E. .

gy Madnas.

2. Military : used as naval base for nesting on repairing wanchaff.

may work as supply depot. Require lange area

E
.g.,

Penal Harbon.

3. Refugee : provides safe and easy access to vessels during

Anoubling situations like storm.

Reg: good anchonages safe & easy access -

E. g., Madnas.



Based on location :

1 . Sea harbor: Along seashone . International shipping.

2
.
River 1 : River connected to sea . Inland fransportation.

3. Canal hambor: Canal 11 1I 11

*** Pont v
. hanbor :

component Harbor Pont

Definition waten enclosed anew protected commencial place for docking,

from storms to provide loading unloading of cango.

accomodation to vessels.

Primary fun Safetz , anchonage to vessels Handling of cango

Features minimal; focused on safety Extensive, incl . cranes
,
lifts,1 I special stonage, offices , hotels.

construction Natural Si man-made man-made & lange

Usage Recreational asti., watery Thade & commence btwu

sports -
countries,

Accessibility marine channel sea noutes niver on canal

Lany port], noads & nails.

value valuable for safeft Economic asset to countr ,

commencial enterprise.



Pont terms :

Port of call : Intermediate stops for a ship on its sailingroutes;
used for docking, cango handling, passenger infout, fueling, supplies.

manine ferminal : Designated area on a port for ships to dock and

handle cango, load/unload passenger- > oil terminal, passenger terminal.

offshone terminal Mooning structure on open , deep water when nearshone

benths one impractical.

factors for pont site selection :

1. Manine cond . & approaches

2. Seabed & subsoil cond.

3. Connectivity to hinterland transport network

4. Hinterland economic base

5

. Eristing & finecasted seabonne Anaffic

6. Realible access to supplies & electricity

7. Availability of land and materials.

Factors for harbor layout :

1. Littonal driff

2. Size & shape of harbor

3. protection from storm waves

4. Laysuf of whnaves and jetties

5. Submanine waves



*** components of hanbon :

chanziel
entrance Pienhead

g
~

->
Julties O

-
breakwater-Turning

piens
A

whanf Qudi

Dry dock wet dick

Red of good hanbon !

2. Deep enough for all visiting ships

2. Entrance wide enough for passage

3. Bottom to provide secure anchorage

4. Breakwater to prevent destructive action of waves.



Lea4 Coastal Processess & Sediment Transport

wave tapes :

constructive V
.
destructive :

component constructive Destructive

wavelength Long Short

Energy Low High

Swash Strong weak

Back was h weak Strong

Beach shape wide & Hot Steep & nannow

Wave nf Low High

Frequency Low 25-10/min) High 216-14/min)

swash -> washing up of water as wave breaks.

Backwash -> running down of " "
I

continental shelf :

Gently sloping submerged surface extending out from shoneline.

om X/
,

*

/
1508 cont.

shelf2S/2008 //// I
400



constal development to coastal process interference :

2. Change sediment transport nate

E. g> construction of dam that traps sediment

2. Reduce wave energy fluw

E. g. breakwater to prevent wave energy reaching shone

3. Directly interfere sediment transport

E. g., transverse structure like groin to directly interrupt wave

processes :

Enosim : Removal of sediment be action of wind/water

Transportation : movement of sedi.

Accnetim : Deposition of Sedi.

Denundation : weaning, lowening , stripping away of coastal landforms

(shoneline on nearshone zones)

constal flooding : Permanent on temporary innundation of normally not

day coastal land by seawater.

** Process of emosion :

2. Hadnaulic action - water fonce

2. Abrasion- grinding down

3. compressed ain - Anapped, mini explosion

4. Attrition - anashing into eachother

5

. Connsion - acids in water

6 . Wave refraction -waves bend -> concentrated on certain anea



coastal deposition

sediment transport : Process by which sediments are moved ba not . agents.

process ! Waves

cunnent

stream outflow

chng in water lvl

tides

Beach sediment props : Phasical

2 chemical constituents

2. Ponosilfo, permeability

3. Sp. Gr
.,

bulk sp . gn.

4. Grain shape

5
. representative size and size distn.

*** Modes of sediment transport :

Bed 1d : Part of the total ed that remains more on less in contact

with the bed during transport.

suspend Id : Part oftotal Id that moves in suspension

washld ! Very fine particles transported in water



Beach profile :

offshore nearshome soneshore backshore
I 1 I

MSL

MHWL

&

1

IMLWL#
↑T - swash zone

buenken sunf zone Shoneline

ZME

/ I
Shoneface

Recap ;

Backshone: landwand, after high tide
Foreshone! 3Awn high & low Hide

Nearshore : btwn low fide & where wave breaks at low Aide

offshone : seawand after breaker zone .

swash zone : btwn low & high fide where waves break and washes up/down.

Sunf zone : btwn shoneline & breaker zone .

Breaken Zoe : outen edge of sunf zone where wave breaks.

shoneface zone: btwn foreshone and offshone.



offshore nearshonedre enti

MSL

MHWL

S

I
/

·Til
breakerzone sunfzone

Shoneline

I C
Shoneface



sedimenttransport :

offshoreAransport : sediments away from the short

Onshore" : " towards the shore

mechanisms of beach profile change :

Onshore
2

.

Wave motion : wave reaches the shone of higher velocity and

return at much lowen.

Because there's a threshold shear velocity for sediment to moves

if moves sediment onshone .

offensi 2. Gravity : Beach profile is sloped downward seawards. So, gravity drags

some sediments into the sea.

3. Under How : Breaking waves move some eatra water into the

offesions shone , this water ,
when escapes toward the sea, drags sediment

Rip current : When wave moves along a stretch on beach

the may concentrate and return back to sea at a higher velocity.

loffshore 4. Turbulence from breaking wave : Turbulence lifts up bottom sediment

Bit
into suspension. They goes onchone and offshone .

offshore
5. Wind : Onshone wind applies a shean stress of water surface,

pushing thembwand shone. The compensating bottom neturn

flow transports sand grains Offshone .



Longshone transpont : on littnal drift

Is the purcess by which sediments more along a coastline due to

waves approaching of an angle.

-> waves approach at an angle
-> swash cannies sediment of same angle

-> backwash cannies down at 909

-> zig . 209

model theories for calculating longshone driff :

Energy-flun -> total sediment moved

based on total energy anniving at shoneline

Energetic

suspanded transport model

Cross-shone transport :

movement of sediments perpendicular A shoneline

btwn beach & nearshone

Onshone + Offshone

Models i simple cross-shone transport model

Fall time

Traction

Energetics

Ripphe model



Simple cross shone transport model !

Equilibrium beach wh uniform sand size maintance a constant

ware energy dissipation nate

Ifactual energy dissipitates more -> offshone

9s : K LD-poy

coastal struct/ activities :

Gnoin, gabine, ligshone bar

beach nounishment,

3and spit formbolo



Longshone sediment transport nate :

potential volumetric longshone trans .
note.

-KAPPO
Qu:

te

g(n)
K : breaker indue

breaker hot

↓ = He/dy [Taten death 7
of breaker line

↳e = (gHsin2
K= 0 . 7 for flat beach

> 1. 8

K= 0 .5+ 2. 6 Sin (243) + 0 .007 Um Xy : ware breaker angle LAchoneline)
Kappo

u. d In= immensedwf transport note

Umb : maximum osa. Vel magnitudy

wf = fall vel.

Quiteglin
te : kgB5R sinzde

K = 0 . 05 + 2. 6 sin(2x) + 0 .007m

Um:d

K=e



ut Hb = 20

Ps = 2650 K8/m3

Ap : 4 :5

Wf = 0. 131 m/s

K = 18

Qu:nghtn) K = 0 .05 + 2 . 6 sin2(29) + 0 .007um

Umb:Ab ; 1 : # : 2

Fe :KHBsin)
: EGOx2 => Hy = db = 2 m

: 2.232x2.Osin(hi) = 2. 21

=96 . 31 -

·: 12 = 0. 05 + 2. 6 sin(2x4 .5] to .027
: N . 132

· : Qu:38x(1-8 . 4)

= 0 , 041 m3/

= 3570 m3/d



RECAD :

Quite21-n)
K=b

te = 1x (p) Ho sin (2xb)

K = 0 . 05 + 2. 6 sin(24b) +0 .807m

Umb:d



Lec 6 Tidal theories &Aide prediction

Newton's equil theory :

First theory to attempt to explain the tides in ocean :

-> shows that gravitational pull between Earth and Moon is

strongest on the side neanest to mon.

-> Pull is lower on the opposite side than at solid Earth's center.

-> As a result water is pulled more on the neanest, causing a

fidal buldge.

-> Because other side is pulled less than centery a second

buldge is formed there.

-> shows Sun also has similar effects.

Explains -> 1. Semidiunnal tidal de

2. Spring fide, neap Aida

Sun-Earth-Moon on same line -> additive -> spring

Sun-Earth -> cancels out -> neap tide

I

My8M

Limitations :

2 . Assumes Earth is enveloped with a ocean of uniform depth.

why may only be true in southern ocean.

2. Assumes fluid particles one in instantenuous equil.

with astronomical fonces .

which
, if were face, we'd see high fides whenever

Moon passes over a local meridian.

3. Fails to account for the time lay/advance observed.



Laplace theory !

considers disturbance due to Earth's notation.

A.K. A dynamical theory

Time of occurence of high/low Aide :

The periodic acceleration of time of occurence of high/low fide

changes due to relative postioning of moon and sun.

priming of fide :

Def" : the periodic acceleration in time of securence of high/low

fide, as well as the initialrise of water level before high

tide arrives .

Moon's pos : 1st & 2nd quandant

Effect : High fide occurs before moon passes over.

Interval: (12h 25m

Lagging of tide :

Def" : The delay in the occurrence of high/low tide at a specific loa

companed to predicted delay.

Moon's pos : 2nd & 4th quandant

Eff : High/low fides after morn passes over

Interval
:

> 12h 25m



Prediction by use of non-harmonic constants :

1. Age of tide ! The time difference between astronomical generation of

a fide and its actual arnival.

2. Lunitidal Interval ! The time difference between moon's local menidian

transit and subsequent high water.

3. Vulgan establishment : The sunitidal interval on the full moon and

new mion day .

4 . mean establishment! Avenage of all lunifidal interval over at lext

a lunation on 20 days . -> = velgon - lagging

Find time of afternoon high water !

Time of Moon's transit today : 4 : 40m

mean establishment : 34 18m

Age of fide : 1 days

1. Time of moon's transit on the day offide generation :

4 . 48-58mX2 = 3: 80m

2. Connection from table = -41m

3. Lunifidal interval= mean + conn .= 3 : 18m-41m = 2: 29m

4. Therefore
, time of high fide = 4 : 40 + 2 : 29 = 7 : 09m



Height of fide : Not used

vent , dist . of high water above some nef.

H = h + /212838

Hammonia constituents : 36 total; 9 listed

Lunan semi-diannol

Solan 1 I

Langen-elliptic "

Luni-Solad "

Luni-solar diennal

Langen-eliptic "

Slam 1

First overtake of semi-diunnal



Lec 7 Types and fun of constal structs

Func & purpose : stop water ,
hold soil

1. Protect infrastructure

from flooding- > high water leve

from enosim,
wave impact

2. Protect boats

from wave & Wave impact

3. Protect nav . channel

by preventing sedimentation & Inlet mignation
4. Prevent erosion by beach stabilization

5

. Enhance beauty and necneation .

soff. V .
handi

Hand : Engineed solh designed to prevent enosion and damage

soft : Nature based soln.

Hand/non-enodible soft/enodible

Groin Duries

seawall Fill

Revetment manshes

Jetties Bioengineered

Bulkhead



coastal Struct/Defence schemal 8b;:

1. Prevent shoneline emosion

2. Prevent flooding on hinterland

3. Protect harbon basin

4. Stabilize navigation channel

5. Protect water inlet/outfalls

Failure modes of typical structure :

DefU : Damage to a struct. that results in performance and

functionally below minimum anticipated by design.

common failurereasons :

i) Design failure : Struct as a whole on it components can't

withstandId within its design criteria

ii] Load enccedence : Anticaported Ads were enceeded.

iii) construction failure : Bad constire. on constr . mots.

iv] Detenionation failure : Result of struct detenionation on lack of

proj maintenance .



Failure mode relevant to nubble mound breakwater :

Overtopping

venting
slip failure (x3)
Bad sesur & be emosion

Benm enosis

Enosion & breakage of anmon

Enssion of near aron

Breakage, sliding ,tilting of capping wall

Cone settlement

sub-soil settlement

Filten instability

overtoping
anmon enssion

->
breakage tilting

buleakag 2
of capping wall

-> ->
-↳ = & anmon cassion

Anon
slipe faillie

benmmosion seir
↓

bed scour cone settlement
Doe enosiontieteninstabilit
↳

↓

subsoil settlement



Recap :

overtopping

break
->

tilting of capping
enosionsanswer word

of

-> & & enosim of anmon

- slip

verting
Ship

↓
beemsion

filter
instal Cone settlement

Quesm ship
->

↓

subsoil settle



seawall/nevetments ;

1 Back scoun failure due to overtopping

C
.

2. Rubble slopa failure due totoe enosine

3
·

Push out of slab C . due to uplift press

4. Failure of sheet pile be wall

excess overtopping -> hinterland enssim -> collapse of top of seawall

Dike :

1. Emosion of dike slope protection

2. Toe enssion

3. Back scorning

4. Dike snest enssion

5

. Dike slip sunface failure

Floating struct !

i) Failure of floating see

ii) connections

iii) "anchonage on pile sys
inFlooding on sinking

I

Beach drain -> prevent emssion of beach

ascueculate beach morts on the drained pontion of beach-



Revetment design :

Design wave ht, H = 42'

11 "period, T = 4253

R1 ofAnd Ive = + 11'MLLW

Storm sunge ht = 3

50 & high WL = + 191'muw

M17 HW = + 1: 42 M2LW

Bed ful at the end of bank slope = + 100M2Lw

Bottom slope of sea lul = 1: 18

Step 1 : Design water We -> highest
2 : Find H

ds -

T-3

- >

Ho fromvsp

3. Anmon size

~=n DCOAD ;
in 1b ; Un : 1651b/ft3

Thial nip-nap : Kp = 2. 2
, 20AD = 2

~ 500 1b ~ else

Trial Quannystone : Kp : 2
, cat = 2

Filtenlayen : Two stage stone filten beneath anmon layer

12"crushed stone, 12" per gravel



4. Anmon layen thickness :

m = n kpLy in 87 ; M= 2
, Kp: 1 .88

Number of quannystone pen anea !

Nn = Ank (1-p) (Ing43 ; P = 37%

5. Wavenun-up est.

: eup (c. (2)) ; &
G

= 8 .08889

C
, = 8 . 534

d = 151

E:an
Ran a s ; a: 2022

,
b = 0 .247

6. Crest ef -> manhA + Rman



Revetment design :

Design wave ht, H = 42'

11 "period, T = 4253

R1 ofAnd Ive = + 11'MLLW

Storm sunge ht = 3

50 & high WL = + 191'muw

M17 HW = + 1: 42 M2LW

Bed ful at the end of bank slope = + 100M2Lw

Bottom slope of sea lul = 1: 18

1. Design water Ivl = 3 + 1 : 91 = 491/MLLW

2. Hi

ds : 4 . 91-1 : 3 . 911
,

M= : 0 .

·: A2:22 : 0 . 0067

.. #p = 1 : 45 = Hb = 3 .91X145 : 5 . 67') 42

·: H = 4.2

3. Anmon size : i. COAD

W
:

KO

W:UnHs COAD

Riprap:osx2 = 706 .9133 5001 Waitecott

Quannystome=Yx

= 7781



V3
4. Anmon thickness,

ninks
(e) up 4

%)

n : nkp( )
AnKB

= 2x1x (8) 3 = 3 . 4 N'

-

"
G

:
-0

.
32

Num of quannystone pen area :

Eitmo
.

grode
↳

No= Ank (1-0) (ny43
E

: Andre
= 100x2X1x1

43

: 448

~ 458/1508 872

5 . Wave nuncp est .: .ba
Hos

b
:0

.
247

m : empLc] O
~
,

1024

: emp [0 .0089x(x)
0 .

02 = 1019

= > Amo = 4. 019
: 4 .12

E-nejk:e):

Rman.Asouxz2 : 1

=> Ran : 4: 12x 153 : 6. 3

cnesA = 6 . 3 + 4 . 91 : 1125



Recap :

~=Unt-ciAd
1. Design waterlul X3

2. H :
m

=
nkp(a)

ds :

; M =

N
:
Ank
,

Fr

# :

expl:... ->-S Hy -> H g

834
8.

- Gi

3. Amon size :

Hund

0
.

008)
Co

~:nDcoto E-nos

4. Anmon thickness : :
M = 4 Kn[] a= 1. 022

b = 0.247

#of Quannystone : N Anka [1-](j

5. Wave nunup est .:

in = enp(? (5)
-> Hmo

=ntmo
:

aseba



Design of seawall :

cnest

1. We of anmon unit :
Armon

Pa H3 unden layen

W :

kp(-1)cofol
toSenm Come Arenm

Filten lasen

2. Crest width :

B : nk]; nis ; w infon if Pa in Arme

3. Thickness , anmon lagen

A : nKp[]" ; niz

4. Enest er :

4/952 ; i -> M
,
from graph

chest ehr : d+ Ma

5. Under layen design :

WA : We to We

thickness : anmon layer thickness

6. Cone layen design :
Wa: A



7
. Toe beam design :

WA= to We

Width : 2H

Depth= 8 . 4 d

Depth of come Sayan : Berth of the beam

8. Struct . Nt = thickness Lanmon + undert bedding] + depth (Are]

wf = wfCanmor + undert cone) + toe benm



n.

H= 1. 529 m

d = 2. 524 on [d= H + 2 if not given]
T = 7 . 460s

Ri = 2

Pa = 2 . 65 T/mn3

Pr = 1025T/m3

Kp= 1

cot8 : 15 [4 = 1 in 15]
anestw

#

1. Wet of anmon layen !
anmsch

WaiOH COFA

unden

toe cont Ast
-

I

2.65X15243 filter/bedding
2x(76-13X

= 0. 785T

Thickness = nkp( Wa = ThatCOA

= 2x(x(05g" : 1 , 33m
An = nkg (v) ", n = >

enest width : nKpLy CB--n-- ; n = b

~

= 3X-- -: 2. 80 m
Wu: W=

A = to
U

-

~n=-
-

Wf = Wi

ht= 0
.ud



2. Anest elv .:

An:se4602
: 0 . 0046 3 M: 0 .86

2 = 0 . 8028

=) Mc = 1 . 31 o

: elv = 1 . 31 + 2. 529 : 3 . 83 m

3. under lagen :

wo :
We to we

= 8 . 8785 + As 8 . 8523T

thickness :

anmu = 1 . 33 m

4. Come :

wf= to : 0 . 007855 A 0 . 00196T

5. Toe !

WA = 0 . 8785T to 8 . 0573 T

no = 8 . 4d = 181M

width : 2H = 3 . 85 m

not of bedding : 181re

- : Total struct hot = < : 68 m

WA = - = 0 .95% on 1034 % 1.

Are x2


