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Preface

Erosion prevailing along the vast coastline of India has a long history. Coastal erosion,
very often, poses a serious problem. The nature and degree of protection required for a given
coast vary widely depending upon the environmental conditions prevailing in the area.

A comprehensive environmental study of the problem is required for developing a suitable
solution to any specific coastal problem. In general, there will be more than one method
applicable to protecting an eroding area. Hence, it is very desirable to consider both short-term
and long-term effects very carefully before determining the most suitable remedial measure
to combat erosion problem.

In this manual, an attempt has been made to present some of the remedial measures
including tha guidelines for suitable designs to control coastal erosion with special reference to
Indian conditions. While some of the basic information has been presented in the text under
various sections, more detailed information has been included separately under six appendices
in the manual.  Although the techniques presented in the manual are generally applicable to
most of the coastal erosion problems, competent engineering judgement,

based on experience,
is necessary for determining their application to any specific problem.

This manual is first of its kind in India. It is intended to be precise and effective and makes
no claim to be exhaustive. Nevertheless, the value of a manual of this nature, dealing with
diverse aspects of coastal erosion and its protection, cannot be denied.

The original idea for preparing this manual came from Professor Per Bruun, who has
considerable experience of working in Indian conditions for the past fifteen years or so. His major
contribution and guidance during the preparation of this manual is indeed greatly appreciated.

I would like to express my gratefulness to my colleagues at the National Institute of
Oceanography for giving valuable support to Prof. Bruun in the preparation of this manual.
Colleagues who made significant contributions to this manual are: Dr. B. U. Nayak, Mr. N. M.
Anand, Dr. A. K. Jain, Dr. A. G. Untawale, Mr. B. G. Woagle and Mr. K. H. Vora, Very useful
suggestions and reviews were offered by Mr. N.P. Bhakta, Director,
of Fishing Harbours, Bangalore and Dr. V. V. R. Varadachari, Mr. H. N. Siddiquie and
Dr. J- S. Sastry. The valuable assistance rendered by Mr. K. G. Chitari of the Orawing Section

and Mr. S. P. Sharma of the Planning and Data Division in connection witch the printing of
the manual is gratefully acknowledged.

Pre-investment Survey

I ' would like to express my gratitude to the U. S. Army Corps of Engineers, Coastal
Engineering Research Centre, Virginia and M/s. Litton Educational Publishing Inc., New York

for their kind permission to reproduce some of the material and figures from their publications,

Comments and suggestions from readers on this publication would be most welcome for
improving and up-dating the manual in the future.

National Institute of Oceanography S. Z. QASIM
Dona Paula, Goa-403 004, India Director
IS February, 1980.
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Introduction

This manual is written as a guide for those who are concerned with planning and designing of
pra:tical and e:onomical methods of protecting the eroding shores on the Indian coast- The sandy shores
of [ndia. spe:ially the barrier beaches of differen. coastal siates wich a high populaiion density. are being
eroded mainly by waves particularly when these ge. combined with siorm tides- Coastal erosion in [nd:a
has resulied in the loss of valuable beaches and adjazent coastal land used for habitation. agriculture and
recreation. loss of marshes and wetland esseniial tor marine life and fishery activides- Erosion also leads
to damage and desiruction of coastal highways. industries. bridges and oiher coastal installations. [t
increases the risk of life as seas encroach into highly populated or urban coas.al a~cas- Considerable
expenditure has been and is being incurred almost every year in constructing .emoorary remedial measures
largely to handle em:rgency situadions of severely eroding shore segments.

Foriunawely. [ndia hasan abundance of natural rocks along most of its coastline in the form of
granite. basalt. laterite. lim:stone and sandstones- These rocky materials have. through ihe centuries.
proven their worth as a building marerial for coasial structures to withstand hosule forces of the sea.
Properly d2signed structures have largely been successtul but nothing could remain successful in the long run
azanst the conrinued e-oding astion of the sea without proper maintenance. [n certain parts of the [ndian
coasi. the situation is so severe that hardly any extra land remains to be lost further asa result of shore
erosion- There is a greater need today than ever before for proper planning and developing optimum
solutions to the prob'ems of coastalerosion in [ndia so that the most suitable and economical measures could
be adopied to combar erosion of a given shore segment-

Keeping the above aspects in view and iaking into consideration the special condiuons prevailing in
[ndia. this manual has been prepared to act a as guide- [t is. therefore. hoped that the guidelines given
in the manual wil be of particular interest to public agencies and consulung engincers who may want
to avoid the pittalls of approving or designing inadequate and inetfective measures.

This manual covers the basic design aspecis which should be considered in any analysis thai leads
to the selezuon and recomm:ndation of a specific type of coasial protesiion. Furichermo e. it gives specific
ad vices o1 the selection and dasign of coastal pro:ection measures for condiiions prevailing in [ndia-

The manual describes several ways to reduce shorefront damage such as:

(i) structural — prevention of coastal erosion by the use of seawalls. revetments. dunes or
dykes and groins;
() conservation — preserving and enhancing the natural protective features like the dunes by sand
fencing and vegetation to intercept the natural sand supply:
(iii) restorarion of beaches and dunes by direct placement of sand from inland or trom the ozean
bottom or by erecting sand bypassing plants to restore normal littoral drift along the shores.
In some cases feeding ot the existing groin fields suffering from siarvarion may be advisable-

1.1 General review on causes of beach erosion

Beach and shore erosion is an evil which is tound all over the world.- Perhaps there are only a few
countries which do not suffer from coastal erosion because their shores are predominantly rocky. By far.



moyse counies of the world are surrounded by shores of alluvial ma:erials derived from inland and

offshore sources:

Erosion s caused by the ftorces of nature. sometimes cnhanced by man-made structures or by
man’s azunity of removing the material from the shore for building or other commercial purposes- Table ||
summarises some of ihe causes leading to natural and man-made erosion-

Table 1.1 Causes of erosion attributable to nature and man (ref. 3).

Nature Man

Dams. dykes and other coasital structures
causing rise and concentraiion of tides.
Pro.ruding headlands. reefs and rocks Groins. breakwaiers. jetties eic.. causing
causing downdrifu erosion. downdrift erosion.

Tidal entrances and river mouths causing Man-made entrances causing interrupuion
of litioral drift: This includes jetiies tor

proteciion of tidal entrances.
Shore'ine geometry causing rapid increase Fills protruding in the ocean o an extent
of drift quantity- that they change local shoreline geomeury
radically- Such fills are ofien bulkheaded:

Risc in sea level

inverruption of littoral drift:

Blocking of river outlets carrying sedi- Damming up of rivers without providing

mzns to ihe shore by flood stage barriers. material sluices which allow coniinuation

change of location of outlets due to of drifu of materials. [rrigation projects

floods. erosion. tectonic movements etc. decreasing flow of water and sedments
to the shore:

Removal of beach material by wind drift. Removal of material from beaches tor
construction and other purposes.

Removal of beach material by sudden Digging or dredging of new inlets. channels

ouaibursts of flood waters. and entrances- Offshore dumping of ma enals.

Ta: fo'lowing parazraphs give the overall explanations for erosion- Section 3.1 describes basic
physics and engineering aspects of the erosion problem.

1.2 Rise of sea level

Alm>st all the shores in India erode (refs- 25. 28, 34, 35. 40 and 41)- Figs- 1-1 (a) to (/1) show
some of .hs sxamoles of beach erosion occurring onthe west coast of [ndia-

One general reason for erosion is the rise of the sea level- The sea level risc (refs- 2 and |3) may
sound insignificant but it is necessary to realise how narrow a beach is. as com>ared io ihe offshore area
which has to be nourished by :he marerial eroded from he beath in order to comdensa:.c for thc rise of
the sea level. With an equal amount of the deposited ma‘crial at the botiom. it is €asy io work cut how
an average sea level rise of just | mm per yzar could rause a shorelinc recession inthe order of aboui 05
m=>.re per vear- The actual rise of the sea level along ‘he I[ndian coast is not well esiablished-  However
i 1s generally a:cep.ed cha: while the sca level is rising. a consolidation by setiling :akes place at the same

time in the river delas like the Hooghly- The average rise of the sealevel appears 10 be of the order of

| to 2 mm per ycar. which is the average rate accepted universally-

1.3 Heavy storms, storm surges, wave action and its seasonal effects

[t is well known thar heavy storms including severe monsoons. hurricanes and cvclones cause the
maxim.m 2rosion rates. The explana:ion for this is thar high and sieep waves break onthe shores producing
highly wrbuleni wa ers and uprushes which often attack the dunes or coastal pla:forms directly. thereby.
causing erosion and crearing vertical scarps. which in iurn cause reflection of the waves. increase the



(a) Protograph showing beach erosion at Punnapra, Kerala
during tke Monsoon ot 1967.

(¢) Photograph shcwing erosion problem at a beach at Trivan-
drum, Kerala during the Monsoon of 1976.

3

(b) Photograph shcwing how the coco 1ut trees were beiny

rooted at Punnapra, Kerala due :o beach erosion (I

o

o - s

(d) Photograph showing the uprcoted c:conut trees at Vi
Kerala due to the termiral effect ¢f a scawall.

Fig. [.1 Scme examples of ccastal erosion on the west coast of [ndia.

o
“i-

967

-

een.



ELEVATION

BOTTOM DEPTH (FEET - MSL )

22

2P\

1 =
DESIGN WATER LEVEL INCLUDING
SURFACE - WAVE SETUP

AN

NI

IN FEET ABOVE MSL DATUM

T BN

2 \
Se _— MEAN SEA LEVEL (MSL)
0 . st . " ke o fm———a
— L~ CONTINENTAL SHELF
100 +
' LEGEND
200 RN
Sw = BREAKING WAVE SETUP
300 . Sy = x-COMPONENT SETUP
Sy = y-COMPONENT SETUP
400 Sup = ATMOSPHERIC PRESSURE SETUP
' S, = ASTRONOMICAL TIDE
50
OT Se = INITIAL WATER LEVEL
| L ] |
600
400 200 0 10 20 30 40 50 60
DISTANCE IN YARDS OISTANCE . FROM COAST ( NAUTICAL MILES)

Fig. 1.3 Various setup compoJents over the continental shelf (ref, 43).




W

DUNE CREST

PROFILE B - INITIAL ATTACK OF
STORM WAVES

~
PROFILE A
t‘\ —_
NG ‘}’-’i \\t’/,.\\\ —:,/// s
————- STORM TIDE
~
EROSION > . - r_MAW
..... T— N
PROFILE C - STORM WAVE:" .. s M.LW
CREAST ATTACK ON FOREDUNE e e
ECESSION <=
~Q ACCRETION—// ==
- \ PROFILE A
[ - \
L creast ] \\
LOWERING
L __MHwW
w"‘“‘llf L

PROFILE 0 -AFTER STORM WAVE ATTACK =~
NORMAL WAVE ACTION
ACCRETION

FROFILE A

Fig. 1.2 Schematic diagram showing a'tack of storm waves on beaches and dupes (ref. 43),
g, 1.2



ELEVATION

BOTTOM DEPTH (FEET - MSL)

IN FEET ABOVE MSL DATUM

22 T '
DESIGN WATER LEVEL INCLUDING
/" SURFACE - WAVE SETUP
20
18 \
16 N
\ Sx \
14 \ \
: ) AN
I — T S L \
|
a \
Sa
6 \ . g
. \
\ | s‘
2 \
Se _— MEAN SEA LEVEL ( MSL)
0 - . % “ il | -% -]
CONTINENTAL SHELF
100 -
! LEGEND
200 N\
Sy = BREAKING WAVE SETUP
300 . Sy = x-COMPONENT SETUP
Sy = y-COMPONENT SETUP
400 $4p = ATMOSPHERIC PRESSURE SETUP
' S, = ASTRONOMICAL TIDE
50
°r Se = INITIAL WATER LEVEL
| | | |
600
400 200 0 10 20 30 PY) 50 60

DISTANCE IN YARDS

Fig. 1.3 Various setup compoJents over the continental shelf (ref. 43).

DISTANCE .FROM COAST ( NAUTICAL MILES)



7

turbulence and thereby accelerate erosion further- The erosion by wave action is well illustrated by the
schematic Fig- 1-2- Tt is easy to understand that an increase in the tidal elevation also increases the erosion.
as higher tides bring in higher waves causing runup to greater clevarions. The worst crosion, theretore.

takes place when a combination of high tides and high and steep waves occurs which leads to erosion
profiles as explained in Section 3.1.2 with reference to Fig- 3.3.

The total rise in the water level along the coast is the sum of all the components which lead to
changes in the water level resulting from a meteorological storm plus those which are not related to the
storm but occur simultaneously- Fig- 1.3 (ref. 43) gives the various sétup components contributing to the

risein the sea water level over the continental shelf over and above the initial water level- These are:

Sw = Wave setup caused by breaking waves Sp = Auimospheric pressure setup
Sx = X-component of wind setup Sa = Astronomical tide-
S¢ = Y-component of wind setup
0
8 78°¢
° °
I7T N Kakinada I7 N
Pt.Calimere 4-6 M
FEEE V7 e-8m
= oo
B 0- 12w
SRI :
8N LANKA a°N
78%E 78°E

Fig. 1.+ Probable elevation of maximum storm surge on the south-east coast of India,
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The wind setup companents includz the effects of' surface wind-shear stresses and bottom friction
as well as the influence of earth’s rotation:

The largest component contributing o the rise of the sea level during storms. cyclones or hurricanes
is the wind shear strcsses acting over the surface of waier- Computational procedures for the determination
of wind setup arc given in a number of publications including ref. 43. However. it is important to note
that the wind pileup is proporuonal to the second powcr of the wind velocity and inversely proportional
to the water depth- The wind setups or storm surges during the cyclones and hurricanes are. therefore.
largest in ihe shallow wacer areas of the continental shelf as in the upper part of the Bay of Bengal and

in the Gult Coast ot Florida:

Fig- 1.4 gives the probable elevations of maximum storm surges on the south-east coast of [ndia.
These valucs arc computed based on the assumptions that a sustained wind of 40 m sec is blowing in an
onshore direction and the central pressure depression is 35 mb when the siorm is approaching the codst
I¢ is also assumad that the storm surge coincides with the high spring tide (ref- 33)- The astronomical
tide. in general. is quite small in magnitude. but can bc very significant at certain geographical locations
like the Gulfs of Cambay and Kutch on the west coast and the mouth of Hooghly river on the east coast
Storm surges in combination with astronomical high tides can play havocs in the coastal zone- [nformation
on the tides can be ob.ained from the Indian Tide Tables published by the Survey of India. Dehra Dun.

The atmospheric pressure setup. S-p expressed in metres is given by

S-5=20:13 (pn=po) (1 —e7Rir)

where p, is the pressure a: the periphery of the storm, p, is the central pressure in cm of mercury.
r is the radial disiance from the storm centre to ihe compuiation point on the traverse line and R is the
distance from the storm centre to the point where the region of maximum winds intersects the shoreline.
R and r should be in the same units say in kilometres. metres or nautical miles-

The wave seiup Sw may also contribute significantly to the total elevaiion of the water level in
the region shoreward of ihe breaker zone: [t is caused by ihe inflow of water by wave-breaking and
dzpends upon the charazeristics of the wave and the bo:itom profile and their mutual inieraction. lides.
energy dissipa:ion. bottom maierials etc: This is described in deiail in ref- 12 which gives the results of
field tests on the German Island. Sylt on the North Sea coast where beach and bottom profiles and wave
charasteristics have considerable sim'larity to conditions found in the ncarshore areas of the cast and west
coasts of India- Accordingly. the maximum wave set up. 7max may be written as

7 max = 0‘3 Hos

in which Hog is ths recorded offshore significant wave height. 1f Hgg the significant breaking wave
height in the surf zoae is used as a reference. the maximum setup can be expressed as

n nnxlo's Hgg

As long as no field data of a similar nature are available tor the shores in [ndia. one may use the
above cxpression in relation to the diagrams of ref- 12. Fig. 1.5 shows schemarically the wave sewp In
the breaking zone in rela‘ion to the tids, beath profilc and energy dissipation- Fig. 1.6 shows (he wase
setup along the profile in relation to significant wave height.

Lu
Factor 3 =L—b

where L, is the drstance from the breaking point until the wave height has decreased 1o 0-3H3 (Hy is the
breaker hcight). Ly is the wave lengch ar the breaking point. B is the width of the breaker zone and +B s
the wave setup at the breaking point- Other terminologies are defined in Figs- 1.5 and |.6.

Waves in the ozean. however. are irregular having certain spectra as explained in Appendix A
In wave science and engineering. one distinguishes between a generation phase when the waves uare




generated by the winds shearing the preee

sea surface.- Next follows a peak phase y)
when the wind velocities are the highest TIDE WATER LEVEL
and the wave heights and periods fsSinNG

reach their maximum values. When
‘i start slacki / 1

winds start slacking, the Y»ave heights PERIODICAL CHANGE
gradually decrease whereas the average OF THE PROFILE
periods continue to increase because : T

the short period waves lose their energy WIOE

] . NARROW
most rapidly and attenuate. This is e e — =
called the artenuation phase. When the BREAKING ZONE ~&/x > 08|
waves reach the shore they may or r } )
may not break but. in any case, tl_\ey ON A LONG ‘ ON A SHORT
runup on the beach. Wave breaking | DISTANCW DISTANCE ~

and uprush arc dealt-with in Sections |EMNERGY DISSIPATION |
3.1.3. 3.3-1 and in Appendix B.

| . s

The uprush or -unup elevation WAVE SET-UP
depends upon the wave characteristics. IN THE
bottom and beach geometry. friction BREAKING ZONE

and permeability characteristics- Natu-
ral sandy beaches may be considered  Fig. 1.5 Wave setup in a breaking zone in relation to tides, beach profile
hydraulically smooth and impermeable- and eaergy dissipation (ref, 12).

Although they are not exactly straight,

their geometry is usually simple and may in cross-section. be approximated by a siraight line or by .wo
straight lines—one for lower part and the other for upper part of the beach. Sometimes the beualh
may have a gentle slope in the middle.

The uprush on beaches and coastal structures is discussed in detail in Appendix B- For smooth
slopes (beaches) Figs- B.l to B.8 give diagrammatic representations from which it can be secn ihat
maximum runup or uprush occurs for the slopesof 1 in 1 to lin2. For rough slopes. e-g.. rock mounds or
revetments. the uprush decreases depending upon the character of the roughness as explained in Tablc B-1.
Appendix B also indicates how itis possible to evaluate the uprush by irregular waves from the known data
for regular waves (Fig. B-13).

Tl'/ﬂq

T
BEFORE Hw

—
|

4
2 HOURS
|

Fig. 1.6 Wave setup along a beach profile in terms of significant wave height (ref. 12).
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1.4 Littoral drift barriers, natural and manmade conditions in India

India has a long shoreline characterized by varieties of coastal features like rocky headlands. coral
reefs and recf-like scruciures. tidal inles. estuaries. lagoons. barrier islands. bays etc. Such coastal features
often give rise to adverse conditions affecting the shore stability as they would act as complete or parual
litioral drif. barriers thereby preveniing the drift of the material to downdrift shores which. as a resulr.
will be subjected 10 erosion. Figs- 1.7 and 1-8 show a few typical examples of such natural structural
barriers found on ihc Indian shores and Fig- 1.9 shows similar barriers caused by man-made structures
which also includc a group of groins (Fig. 1-10)- One of man's worst destructive activities on the beaches
is the excavarion and removal of the beach material for land or road fill or for other construction purposes-
Such a lack of undersianding of the most important principle of conservation is of common occurrence
all over the world as also in [ndia-

BEACH ERODES HERE DUE TO
PROMONTORY FUNCTIONING AS
A LITTORAL DRIFT BARRIER

PROMONTORY

NEW SHORELINE

LITTORAL ORIFT

\

EXAMPLES :
MOPLA BAY, KERALA
WALTAIR POINT , ANOHRA PRADESH

N
e INITIAL SHORELINE

ROCK OR REEF OUTCROPS — LITTORAL ORIFT
P s e
Vomp npset Ve e : AR = —
S A e E N === —
P A EIE LM HARD POINT (ROCK) e~
—_— \—INITIAL SHORELINE

LITTORAL DRIFT MATERIAL FROM RIGHT
ORIFTS ON ROCK REEF PAST “HARD POINT"( ROCK OUTCROP)
INSTEAD OF NOURISHING DOWN DORIFT BEACH

EXAMPLES :

CANNANORE , KERALA
CAPE COMORIN EAST, PUDIMADAKA , TAMILNADU

Fig. 1.7 Natural littoral drift barriers and headlands.

Fig- 1.1l shows how a natural inlet or an estuary may interrupt the longshorc drift thereby tga{usdulng
downdrift crosion- This type of siiuation is very frequently seen b_oth on the east and west coa_s;s o X n nha-
As itis known. somc matcrial will always bypass the inlet and this process may be assisted snlﬁcr v 1 ;e
inlet currents or by the presence of bars or by a combination of both. The various degrees of efiectiveness
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Fig. 1.8 Natural littoral drift barriers- tombolo and recurved spit.
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Fig. 1.9 Effect of man.made littoral drift barriers.
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MOPLA BAY, KERALA
GOKARNM , KARNATAKA

Fig. 1.10 A group of groins used as littoral drift barriers.

of such a transfer system are described in ref-4. Some inlets, particularly those with very strong ebb currents,
are poor bypassers and therefore, they cause severe downdrift erosion. This condition is very widespread
in India as compared to the other littoral countries, due to the fact that ebb currents bccomc very sirong
during the monsoon season- This would flush the littoral drift material farthcr offshorc where it settles
and may get lost forever from the shore.

Other inlets have large bars which are formed by the combined effects of liitoral currents and the
inlct ebb currents: They faciliiaie bypassing of a major part, if not all, of the maierial drifting alongshore-
Such natural bar-bypassing systems arc found in very large numbcrs on the Indian shorcs: Examples of
this type of offshore bars are given in Fig- |-11-  However, natural bar bypassers are undesirable for navigation
because the shoals or bars cause obstruction to frce navigation from the bay or lagoon io the sea. During
the recent years, our knowledge and understanding of the associated physical processcs have advanced
considerably and such problems can be solved by introducing proper drcdging or by zonsiructing suitable
jetties or both as illustrated in Fig- 1-12. Such improvemecnts invariably causc crosion or incrcasc the
existing erosion on the downdrift side of the inlei- Examples of such occurrcnccs arc numecrous all over
the world including India (refs- 3 and 4)- As indicated in Fig- 1.12, we find some inicresiing cxamples on
both east and west coasts of India such as the dredged enirance of Cochin Harbour (38 fi- dzcp at MLW)
and thc 57 ft- deep dredged channel wiih groin and sand-irap-protcction of the Visakhapatnam Harbour
including sand-bypassing by pumping- Both these cause severe downdrift erosion.

An interesting example of the intermittent natural bypassing is found at Bengre. a fishing village ncar
Mangalore in the Karnataka State (Fig- 1-13).- Although located closc to the tidal Nctravati and Gurupur
rivers, the shorc has been relatively stable for a long time (ref- 34). This undoubicdiy is as a result of
natural bypassing of material from the river along an outer sand bar, particularly during thc SW monsoon
(May to October). But a temporary slow down in this natural bypassing process may inicnsify the existing
beach erosion problem-

Fig.- 1.14 indicates how a jetty and channel improvemcnt can cause considerablc crosion- Such an
crosion often does not iakc place immediately after thc establishment of such a lictoral drifi barricr- It
may take a few ycars before it starts accentuating the problem- This is largely duc to changes in wave
characicristics caused by diffraction of waves (spreading of waves) resuliing in the decrcasc of wave sicepness
thereby causing a tempoary transpori of matcrial from the nearshore boitom towards thc beach. This leads
to a temporary siabilization of the bcach- Reference is made to Section 3.-1.2 for the bcach and Eottom
profiles under the influence of storm waves and swcllss However, as soon as thc limited quantity of
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Fig. 1.11 Some problems of littoral drift at tidal inlets.
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Fig. 1.12 Improved tidal inlets as littoral drift barriers.

material thus available gets exhausted. erosion continues to occur due to the interruption of the drift causing
starvation of the downdrift side- The indication of such an occurrence on the bcach ard offshore boitom
profiles is when the erosion of the beach starts of at arapid rate- Asa consequence of this. the nearshore
bottom in front of the beach tends to develop a more gentle pla:form-like slope and. in some cases a
shoreline recession of this type would lead to simultaneous scaward movement of depth contours caused
by temporary deposition of eroded beach material in the offshore arcas. The latter phenomcnon may get
further aggravated due to the formation of rip-currents along the jetty as shown in Fig- 1.14.

It is very important to consider all possible adverse effects no:ed above when any improvement is
planned or executed along the shoreline- In all problems related to coastal protection. it seems, somewhat
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Fig. 1.13 Shoreline at Mangalore showing the location of the Bengre fishing village (ref. 34).

illogical or undesirable to construct a structure for proiecting or stabilizing a shoreline- Because. such
an action. after iaking into consideration all the factors on a broader perspective. may tend to produce
more harm than good (See sections 3-2-3. 3-2.4 and 3.3.3)- It would also be wrong to allow harbour
entrance structures or jeities to cause serious erosion on their downdrift side, often leading to serious loss
of valuable land and property-

This type of calamity can now always bc foresccn and reciified before any damage could occur-
This requires a thorough study of the problem and proper planning before such projects are carried out-
A coastal engincer. confronted with a shorc proicction or improvement problem, should bein a position
to evolve an economical and technically viablc design making the best usc of the environmental data,
uptodate knowledge. experience and judgemen:.
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Beach Surveys

2.1 Bathymetric surveys

A simple but approximaie method of measuring beach profiles. as described below. can easily be
adopted afier cstablishing a reference level on a backshore sand dune by driving a peg or burying a large
rock. This reference level should be connected to a more permanent nearby bench mark which in turn should
be connested to the nearby Survey of India bench mark, if available. [n ordcr to measurc the beach profile
at the same location cach time. another object such as a light post. corner of a building etc- should be
used in line with the reference point and perpendicular to the shore. Fix siations at 3 m intervals (Fig- 2.1).

The technique of levelling requires two pcrsons, one person to hold the graduated staff and the
other to observe from the reference point- The observer sights on the vertical staff from the top
ot the reterence level and notes down the reading of the horizon. Since the line of vision to the
horizon is nearly horizontal, the reading on the pole which is graduated from the bottom will give
the difference in height of the station below the reference level. This procedure is repeated for all
the stations and the heights noted- Generally, additional reference points are required along the
profile since ihe staff used is not of sufficient height to cover the entire drop in sand level across
the beach profile- These can be easily established along the line of the stations as required- Sand
level of each station can be computed with reference to the original reference level (Fig - 2.1).

For more accurate profile surveys, and when the horizon is not clearly visible. the usual surve-
ying methods using either plane table or spirit level can be adopted: In shallow water and the
surt zone. modification in the method is necessary.- A wader then operates the level staff or stadia
board- [n deeper areas an electronic depth recorder (echosounder) can be used to take continuous
soundings of the bottom. Alternatively, a leadline can be used to take spot soundings.- Fixing the
position of the levelling stations can be made from the shore using transits or pre-deteimined rangelines and
measuring lapes or from the survey boat itself using sextant angles to three fixed objects on the shore-

As an example, a specific procedure for rapid and accurate beach and nearshore bathymetric
survey can be as follows: A baseline is established along the stable landward area of the “beach
which is to be used as a basic control for survey ranges (profile lines) noimal to the baceline.
These ranges. along which the profiles are taken. run from the baseline across the beach :caward.
For a long-term beach study, the baseline can be monumented by erecting masonry or concrete posts:
Any exising structure like curbs, lamp posts. fishing piers, buildings can also serve to establish and
relocate a baseline or the survey ranges. The position fixing along the rangc line can be secured by a
transit intersecting a level staff or a sounding boat operated along these ranges as illustrated in Fig. 2.2.

Prior to each sounding run. the survey boat powered by an outboard motor with a minimum
crew of two. a sounder operator and a boat operator, proceeds to a point on the range at the required
depth.- The sounder operator then logs in pertinent information on the sounding record (paper chart)
prior to each run. namely the station number of the range linc. the starting time and the date. The boat
then proceeds towards the shore along the predetermined range line cither by thc monuments fixed
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on the coast in line with the range or by the range transit operator signalling with right and left
flags to the boat operator. Radio communication system or walkie-talkies can be advantagcously
used for this purpose. The depth recorder makes a continuous record of the depths (some 480
soundings per minute). The boat location on the range line is determined every 10 to I5seconds by
continuous tracking and recording at the cut-in transit location- For approximate position fixing at
regular intervals. a sextant can also be used in the absence of a cut-in transit.

Best resulis are obrained with the boat working at high tide and the beach levelling done at
low tide- Corrections for waves and tides should be applied to the echosounding record so that
the depth readings with respect to a standard datum such as mean lower low water (MLLW) or
mean sea level (MSL) or chart datum are obtained for plotting purposes.

A beach sled similar to that fabricated at the Kerala Engineering Research Station. Peechi can
be used for measuring the beach profiles- This sled is dropped beyond the surt zone by a boat and
then pulled across the surf zone by onsz or two persons on the beach using a rope and taking
water level readings on its graduated vertical staff.

Alternatively. a wave sled similar to that fabricated at the National Institute of Oceanography,
Goa can also be used conveniently- This is designed to move offshore across the surf zone by the
waves, and afier the desired distance is reached. it can be recovered from the beach by an atiached
rope. The level readings are taken from the vertical graduated staff and the distance is measured
using the rope which is marked for measuring distances- [t is important to apply tidal corrections
to the readings before plotting the beach profiles.

2.2 Sand sampling and analysis

2.2.1 Sand sampling : Design schemes for sediment sampling should be made in such a way
that sediments of the whole beach which vary: (a) across the beach profile through the varied
energy zones, (b) along the beach within any one cnergy zone. (c) between the seasons within the (hree
dim2nsional geome:ry of thc beach. and (4) with depth at cach of the sampling spots on the active
profile are represented in the scheme (ref- Table 2.1)- Appendix C gives the procedures for sampling
and sediment analysis-

2.2.2 Sample analysis : Alihough [ndian Siandard Classification System and Wentworth Scale

System of grain size analysis are generally uscd in coasial engineering practice, it has been found that

logarithmic transformation ¢ (phi) of the Wentworth Scaleis most useful. [n mathematical terminology
& can be written as (ref- 17 and 18)

$=-logz D 2.1

where D is size of the particle in mm and negative sign is used to give ¢ a positive value for finer sediments.

To compare different beach sediments, a most common approachis to plot the cumulative weight
perceniage of each sample coarscr than a given series of size classes (Figs- 2.3a and b). .But it
has been observed in these curves ihat in finer sizes. thc curve becomes straight and sieep and tails out
towards the coarser sizes- [f a number of plots of several beach samples are plotted together they look
similar even though these are texturally disiinci from cach other. Thus a plot of weight perceniage
for each size in ¢ values is found to be more cffective as each size class tends to be fairly symme:rical
for the most frequenily occurring sizes (Fig- 2.3c)- [n this distribution. maximum frequency occurs
at5 =t and inflexion points at p e~ wheretis phi meanand o= is phi sorting. Using the combination of
these 1 and o= each curve is defined independent of the other.

2.2.3 Beach fill models : Using composite mean and sorting values of thc bcach and borrow
material. the filling of the beach can be estimated using various beach fill models- Basically there are two
types of marhemarical models for beach fill problems. The first meihod cnables the calculation of
overfill facior which is an estimatc of the volume of a specific fill ma‘crial needed o creae a unit
volume of the native beach marerial- Generally overfill factor excceds one. indicating ihat from the
borrow material. unsuitable parts from the fill will be removed by winnowing action of the water-
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Overfill factor method: There are three different approaches for determining the overfill factor
(refs- 10. 17 and 20)- The mathematical model underlying these three methods are similar but Aill
ratios are not the same- The fill factor method proposed by James (ref- 17) provides modifications to
the other two methods and is thus more useful- The basic assumptions in the method are:
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(i) beach sediment is coansidered to be most stable for the environment.

(ii) the entire volume of the fill material placed on the beach is sorted by local processes to achicyve
a grain size distribuiion similar to the beach material, and

(iéi) sorting processes change the fill materials into the beach-like sediments by winnowing out
4 minimum amount of the original fill.

The above method proposed by James (ref- 17) is based on the selection of the critical or s:iablc
grain size distribution of the borrow site sediments and it quantifies the amount by which that distribu-
tion is to be modified to resemble the beach sediments- Actual calculations of R (ratio of the weight
percentage of the beach to that of the borrow site composite) involve complicated mathematics but
accurate graphical estimates can be obtained using the curves shown in Fig. 2.4. The basic information
required is the phi mean and phi sorting values for beach and borrow site sediments.

Renourishment factor method: It is a dynamic approach to describe how beach processes can
be expected to modify specific fill sediments (ref- 16).- This technique is used to estimate how often
placement of a particular fill will be required to maintain specific beach dimensions. [t attempts o
evaluate long term performance of different fill materials with rcgard to suitability. maintenance and
cost- [n this method. the aciive beach system is treated as a comparument which rcceives sediments
through longshore transport and from gradual erosion of the inactive rescrvoir of the sediments which
form the backshore. The method estimates mass balance of the compartment using the relative
retreat-rate equation
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where R, = relative rcireat ra:e (ratio of the borrow to beach retreat rates)
u,0-= mean and phi soriing respectively (sce Appendix C for more details)
b.n subscripts for borrow and beach material respectively

A = dimeasionless parame.er (0-5 to 1.3)

Using A as unty. Fig 2.5 shows R; coniours plotted against the standard reference axes that
compares .extural paramc.wcrs for the native and borrow composi'e: A renourishment factor of }
means ihat borrow material is three times as siablc as the native sediment- On the other hand. R, of
3 indicates ihat the borrow maierial is one third as siable. and if used as beach fill. would require
renourishment three times as often as the native sediments.

log R,=3(

Being simple in nature. these beach fill models should be used considering the praciical environment
of real and unique engineering problems like:
(i) will a fill factor apply to all the beach fill placed ?
‘(iiy which sedimentary data should be selecied to compute a specific composite ?
(iii) would the placement of fill on different parts of a beach require different fill factors 7
(iv) how should a borrow site composiie distribution be modified to rerlect the etfects of
different kinds of equipment and techniques?

Table 2.1 gives the general steps for the sampling. analysis of beach and borrow siie sedimenis-
These are only rough guidelines: Depending on the specific requirement and unique characteristics. they
are to be modified to suit a specific.purpose:

Table 2.1 Steps for sampling and analysis-

|. Depending on the relative importance of the projeci and g:omeiry of the beach. mark the s.ations

along the becach at a regular interval:

Also mark the stations across the profiles below and above the plunger zonc a: cer.aain celevation

difference depending on the steepness of the beach:

3. Collect the surtace sediment sample from each starion just before the monsoon and afier the mon-
soon. In ccriain cascs. it would be advisable to colleci samples during the monsoon as mosi of
the erosion takes place during this time:

4. Making 3 caegories of samples (nearshore. offshore and onshore) a split of the sample should
be mixed thoroughly by adding equal weights of the splits:

5. Using sieve analysis. a composite grain size distribution may be ploited as in Fig. C.3. Calculate
S and M. as explained in Appendix C-

6. Considering the amount available from each borrow siie. rela ive economics of ihe borrow material and
the suitability of the scdiment for protable composi.c fill ma crial and +he borrow siie be selecied-

7. Spliis from ihe cores should be mixed in such a way thar each layer geis represened in weighted
ratio depending on the thickness of each layer ot different sed:ments:

8. Core samples should be collected in such a way that it will describe the sedimeni charaz.erisucs
of the who'e borrow site-

9. Composite grain size analysis should be carried out by sieving and plots should be made as in
Fig. C.3. Calculare S and M.

10 Using the rcnourishment factor {echnique. the amount of renourishment <an be calculated using 2 as unity:

[§%)

2.3 Wave Surveys

2.3.1 General: Surface waves play amajor role in coas:al processes. design of coastal structures.
maintenance of navigation channcl and port operarions- A thorough understanding of the wave regime of
the area in question is. therefore. necessary-
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There are various ways of collecting and compuling the wave data and scveral methods are in
use tortheir analysiss The most common ones are : (a) visual observations. (6) hind—casting and (¢)
by using wave recording instruments- Most of the data on waves presently available are based on visual
observations mad:z from the ships- By hind—casting the wave heights are computed for an area using
the past mcicorological data of the region. The advantage of this method is that the rcsults will be basea
on compara incly large wave data which would help in extrapolations. [nstrumcnral data pertaining o
waves at present are very few- Thesc are more reliable and neccssary for spectrum analysis- The instruments
used for wave mcasurements are ciiher surface (e-g- wave rider buoys) or sub-surtace (e-g. OSPOS) type.

2.3.2 Wave measurements : Waves can be measured in the coastal zone by adopting easy as well
as less expensive methods- Locally available materials and workshop facilitics could be made usc of for
the design and fabrication of a suitable sysiem for the collection of wave data. For example, spar
bucys. wave poles ctc-. could casily be fabricarcd and installed- The measurement procedure involved
and the analysis are quitc simple- Proper training io local persons is all what is nceded for the
colleciion of wave data. Wave observations may be made for a group of say. 30 waves and the
average height of these waves (Hm) and the highest 10 per cent waves (Hyo) are recordcd. Other ob:ervations
should include breaking wave height. angle made by breaking wave with the shor:line. breaker types etc-

For visual wave observations. the following table may be used for recording thc wave data:

Date Time Period Height Direction Breaker type Remarks

2.3.3 Relationship between the visual and the instrumental data : As mcntioncd carlier. the dara
presently available are largzsly visual- Hence. it is cssential to find a relationship between the visual wave
height H_ and the visual wave period T, and the significant wave height H, and T, (zero crossing period)-

Nordenstrom (ref- 27) has worked out a relationship between H and H, based on North Sea wave
data as tollows:
H,=168 H/ ™ 23

The above equation gives the rclationship between H, and Hj at the same level of probability-
Similarly. the relationship between T, (zcro-crossing period) and Ty (visual wave period ) can be expressed as

T:=0'74 Tv' 09 “en 24

The above relationships can be assumed to bc valid for Indian waters until adequatc field data are
collected for developing suitable relationships for Indian conditions-

The collection of wave parameters as explained above over a few years will provide a good
data base for further analysis and for the determination of long term statistics and return periods
as described in Appendix A. This appendix includes information on the wave spectrum also-

2.4 Current and tide surveys

2.4.1 General : Currents are one of the most complex phenomena in the ocean as they are
generated by various driving mechanisms. The principal parts of a current sysiem in the coasial zone
are tidal currents. wind driven currents. wave induced longshore currents and rip currents.

To understand the phenomena of sediment transport. current system can be divided into two
parts, viz.. within the surf zone and beyond the surf zone. The current systems in the surf zone are
very important for the sediment transport- They derive energy from breaking waves. The current systems
beyond the surf zone are mainly govcrned by the wind and tides.
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9.4.2 Current measurements : Current measurements could be made using either of the two well
known aoproaches. viz.. Eulerian or Lagrangian- In the form:r meihod. measuremeni is made as wa.cr
passes a fixed point and in the latier. by following thc path of watcr particless Both principles have
their limitations but measurements at fixed poinis with current meters are far more common than the
path following m:ihod using ncutrally buoyant floats (Swallow's floats) or parachute drogucs.

Bul again it is imporiant to study the requirement for which the measurement i1s necessary. In
the casc of forces on offshore structures. both in the short and long tcrm siatistics, the only wype of
data thar could be used is from the Eulerian .ype of currcnt measurement.- The path following method
or the indirect way of deducing currents by surfazc floats or other devices will most certainly be of great

imporiance in the siudy of nearshore currents and currcnts in the surf zone. which influencc the coasial processes:

Current measurements in the surf zone arc made by using dyes and floats: The dyes are packcd in
bags which are either porous enough to allow wacr into them or dissolve in watcer thereby exposing
the dys- The rate at which the dye patch moves. gives the spced of the current.

Measurements of currents using floats consist of a system in which a ball of say 15 cm indamecicr
s connected to another ball of 7.5 cm in diamcter with a fishing linc of say 3m length- The larger
ball is filled with sca water using an injector and the whole system is thrown by hand into thc surt zene

from the shore. The position of the bigger ball is measured each timc with respect to the floaing :mall

ball which is connecied to it

Most comm>n and simple cquipmen: used beyond the surt zone for mcasurements are ncutrally
buoyant floats or parachuic drogues. These arc rclcascd ai known depths and tracked with the help of
theodolites from shore or they can even be followed by boats and their positions can be fixed by sexiants.

The following 1able can be used for recording the current observations in the field:

Date Time Depth (m) Speed (m/sec) Direction Remarks

2.4.3 Long term analysis of current data : Currentspccd data as it is. are not analyscd for the
prediction of exureme values.  This is because the currcnts consist of periodic components (tidal componenis)
added to the residual comooncnts. First. the periodic components are to be subtracicd and larcr specirum
analysis can be made for the residual comoonents: A detailed analysis of this nature is of much imporiance
for the design and operation of offshore works and hence is not treated here in detail-

2.4.4 Tide surveys: informarion onthe tides is equally impor.ant as tides directy influence the limit
ol wave a-tazk. port navigaiion. flushing in estuaries and inlcts etc. Variation of wa'er levels due 10 udes
can be recorded either by erecting tide poles or by water level recorders which are readily available: In the
case of tide poles. daily readings for the low and high waters should be raken-

Meusurements using a water level recorder should be a continuous process indicaling the variation
of (he tide elevation over a required period of study-

For areas nearer to harbours and anchorage points. the Indian Tide Tables published by the Survey
of India. Dehra Dun for the year under consideration may be referred to-

The tidal currenis vary from place to place depending upon the character of the tide. the warer
depth and the configuration of the coast- The tidal components of the current in the sea or bay are

periodic in behaviour and repeat themselves as regularly as the tides to which they are relared. In
gencral. it is necessary to siudy the change in water levels and associarcd currents at least for a period
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covering both neap tide and the ensuing spring tide at a locality.- Several such studies may, sometimes,
become necessary depending upon the complexity of the problem being investigated at a givencoastal area.

2.5 Littoral drift surveys

To evaluate the possibility and the expected rate of erosion caused by the establishment of littoral drift
barrier, it is necessary to know the predominant direction of the drift, and if possible, the magnitude of
drift in either direction of the shorc, say, N m?¥ year moving norih and S m*/ year moving south.- These
data are important for the development of port structure or a tidal inlet or when an estuary is to be
improved by jetties or dredging. Littoral drift surveys are needed for the collection of data and calculations
should be made as explained in Section 3-1-1.

Usually it is not too difficult to determine the predominant direction of the drift, particularly if the
shore has some headlands or reefs or man-made structures which. by the sand accumulation pattern, will
show the predominant direction of drift (Fig. 1.7). If no natural or man-made obstruction is available. as
in the case of many shore segmenis along the cast coast of India, a study of the migration of natural inlets
along the coast would give the desired information as the inlets migrate in the direction of the predomi-
nant littoral drift. It will, however. be difficult to determine the relative magnitude of the drift in either
direction-  Evaluation of the ratio beiween drift quantities in two directions may be done by the use of
tracers- Fig- 2.6 illustraies how tracers can be used for the determination of relative magnitude of
drift in either direction-

If tracers are injected in the beach and the samples are taken from the beach and offshore
areas to cover one cycle. the ratio of southward drift to northward drift along a beach of length S can
be written as

fC,dS/ f'C, dS= A/B . ' 2.5
(1] 0

where C; and C, are the concentrations of the tracer material at distance S. from the injected areas.
Subscripts sand n are used to indicate south and north directions respectively- A and B are southward
and northward drift in cubic metres per year respectively.

Calling this ratio ., the stability criteria is T=A =B, where T is the balance of drift, usually
called the predominant drift, one has

A/B=z or B=% andT-A("') . . 2.6

a

Hence, it A and z are known it will then be possible toc compute B and T-

OCEAN
DRIFT - § — DRIFT=N
fsmazt.me “/—IOO KILOGRAMS OFf
............. - """""rLuonsscENT
TRACERS IN EACH
BEACH . INJECTION, TO

BE REPEATED 3-4
TIMES DURING A YEAR

Fig, 2.6 Tracer experiments to determine the predominant direction of littoral drift,
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The determination of the quantity A may, howcver, involve considerable difficultics unless a proper
littoral drift barrier is available- It could be a natural headland, a harbour or inlet jetties or a dredged
channel- Such barriers, howcver, arc generally not availablc closc to the site in question- Therefore,
computations of the drift could be made as mentioned below-

Using the littoral data from the various sourccs, formulae and diagrams as mentioned in Section
3.1-1 have becen prepared- Sce ref- 29 and 43 in which littoral difrt formulae have been compiled- Scc
also Chapter 6 of ref- 2. A simple field method was adopted by the Pre-Investment Survey of Fishing
Harbours, Government of India, Bangalore, for evalua ing the littoral drift conditions at Ramayapatnam
in Andhra Pradesh (ref. 29)- :

Wave data were obtained using a graduated polc driven down in the bottom on the outer slope
of the offshore bar. Observations werc made visually by means of binoculars from a 4 m high tower
as illustrated in Fig- 2.7

Records on tides, waves etc. werc then used for computing the quantity of littoral drift basced
on the formula

Q=0-04 ( Hff + HT,'Z) sin 2"b m?/sec e .. 2.7

where
Q =thec quantity of littoral drift in m3/sec
H,, = average height of the breaking wave in metres
H,/, = height of the significant wave at the time of or just before breaking in metres
a,, = the anglc of the breakcr crest to the shoreline in degrees-

OCEAN
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Fig. 2.7 Asimple wave observation procedure to evaluate littoral drift
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For the above formula. the relation betwcen Hy.. height of the wave at the time of its breaking
and H, thc height of the same wave while passing the wave polc are needed (sec Fig- 2.7)-  Further feld
observations on the following lines were made to arrive at a relationship betwcen Hy . and H, with special
retercnee (o monsoon waves-

Step | : From the knowledge of the bo.lom topography. refraction diagrams tor different wave directions
were drawn to trace the path of the waves.

Step 2 : Using the dawa from the Shore Proiccion Manual of the U. S. Army Coastal Engineering
Research Cen:rc (ref- 43) for the obscrved direcuon. the height ot the wave at the pole and
the appreoximate depch at wave breaking were deicrmined: A marker buoy was placed at
that point (see Fig- 2.7).

Step 3 . From the knowledge of the distance through which the wave had to travel. the actual time
required for a wave to travel from the wave pole to the point of its breaking at the marker
buoy was no.ed as r seconds-

Step 4 : Two theodoli.cs were set up as close as possible at a strategic locadon to get a clear view
of the crest and rough of the breaking waves and the distances bciwcen the marker buoy and
the theodolites were computed.:

A person was posted to observe the wave height of a passing wave at the pole. At the same
time he signals the other two persons at the iwo theodolies: A stopwatch was used by the
posted person to count the time ¢ for the wave to travel from the pole to the buoy- At the
end of r seconds. and on receiving the signal. the vertical angles to the crest and a few seconds
later io the trough. were read at the buoy by the two theodolites: The procedure was repeated
for a number of waves passing the wave pole.

wn

Step

Step 6 : From the above data and after knowing the vertical angle between the crest and the trough
and the horizontal distance between the theodolites and the buoy, the height of the wave ar the
time of its breaking was computed.

From a sufficient number of readings. the following relationship between Hy . and H was arrived at:
Hbc=1.45 H, (valid for waves of almost equal steepness)

Using this relationship and adopting the above integrated formula. the amount of littoral drift
each day for a period of one year was calculated- Table 2.2 is a summary of the littoral drift calcula-
tions (ref. 29).

Table 2.2 Summary of littoral drift calculation for Ramayapatnam
covering the period from 31.5.-1972 to 1.5:1973 (ref. 29).

Total drift =16.80.446 cu- m
Drift south to north =15.56.564 cu-m
Drift north to south = [,23.882 cu'm
Net drift (south to north) =14.32,682 cu-m

The quantity of net drift given in Table 2.2, most probably, is on the higher side. However, it
has the right order of magnitude as compared to the drift at the Madras harbour which has a similar
wave climate as at Ramayapatnam. The above example shows how a difficult task could be accomplished
using simple methods.






Coastal Protection

3.1 Basic aspects

3. 1.1 Material balance : Consider two points on a beach A and B- The natural. mostly wave-induced.
drift of the material along the shore is assumed to be from A to B. If the drift at A equals the drift at
B. the beach would be in an equilibrium state. If, however, the drifi is larger at B than at A (B>A),
then the shore between A and B will definitely erode. If. on the other hand. A>B then the accumulation
would take place between A and B.

The increase in erosion (or accumulation) between A and B may be caused by the shoreline turning
in a direction in which the drift quantity increases (or decreases). This can be evaluated from a number
of available littoral drift formulae. They all assume a linear dependency between longshore transport rate
and longshore component of the wave energy flux.

Figs- 3-1 and 3.2 both in English units are examples of such calculations (ref. 4.3). Fig- 3.1
shows the longshore transport rate as a function of longshore energy flux- Fig 3.2 shows .he annual long-
shore transport in cubic yards (1l cu. yd =0.75 cu. metres). as a function of significant deep water wave

height H, and deep water wave angle 2o. For more detailed information the reader may refer to Sections
1.4, 2.5 and ref. 43.

As mentioned in Section 2.5, littoral drift quantities can also be computed from the observation
of wave heights at breaking and the corresponding breaker angle- The study made by the Pre-Investment
Survey of Fishing Harbours ai Ramayapainam (Andhra Pradesh) illustrates how it would be possible.
using a simple indigenous method to estimate the order of magnitude of longshore drift based on continuous

observation of waves and their breaker angles taken from a tower erected on the beac

h as explained in
detail in Section 2.5.

To determine which type of beach protection is preferable, the situation regarding the beach
meterial balauce or erosion condition has to be properly eyaluaied- This can be done using a simple
classification such as ‘undernourished’. ‘sufficiently nourished’ and ‘overnourished' profiles and termi-
nologies such as ‘source’ and ‘drain’ or ‘sink’ of the marerials (ref- 3).

Based on the siudies of beach profiles and from the grain sizes ranging from 0.15 to 0.3 mm
occurring in most of the beaches in India. it is possible to distinguish betwcen the ‘overnourished'. the
‘sufficiently nourished® and the ‘undernourished profiles’ (ref- 3). These terminologies are especially useful
for an evaluation in regard to what kind of coastal protection is preferable and to assess how satisfastory
such protection will be. The Over-nourished beach profiles are fed by nature with more marerial than the

waves are able to shape ihem into regular beach profiles- These profiles. therefore, are irregular and may.
sometimes. appear as irregular shoals.

There are two different types of sufficient!v-nourished profiles- Tn one type. the profiles are not
fed with more material than what is required by the waves to shape them into profiles having an ‘equili-

31
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brium form'- In the other. the loss of marerial equals the supply of marerial and the profiles arc able
to maintain an equilibrium form.

The Cndernourished beach profiles erode. that is. the shoreline and the depth contuurs shift shore-
ward- The undernourished beach profiles will always maintain an equilibrium form but its form may change
from one locality 1o anocher. d2gending upon the local conditions. [t seems. therefore. that beach and
shore accumulation may iake place with or without equilibrium profiles while the erosion ot a shore takes
place only for equilibrium profilcs a: aining maximum steepness corresponding to the quantity and characte-
ristics of the liccoral deift- An equilibrium profile. therefore. can be defined as a siable profile with maximum
steepness-  The erosion of the bottom decrcases seaward until an "eroded base” is reached where i1t becomes
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zero. This base may be lo:ated between 4 and 6 m depth for less cxposed shores and 15 to 20 m depih
on exposed shores- [t cannot be expected. however. that all undernourished profiles will always attain the
.ame shape. On the other hand. all undernourished and sufficiently-nourished profiles scem to have
certain ‘standard forms’- This in turn. means that wherc such ‘standard erosion profiles’ occur. we
know that the erosion is probably not of a temporary nature but old and of a progressive nature. This
type of information is very useful- If no erosion takes place. we can expect that only a slight adverse
change in the littoral drift balance will start the crosion:

Due to the gradual rise in sea level. most of the beaches on the east and west coasts of India
tend to become undernourished- At certain parts of the west coast of India. particularly on the Kerala
coast and certain beaches in the vicinity of man-made structures arc undernourished. However. at certain
shores. particularly in the vicinity of river mouths or updrift side of man-made structures overnourished
profiles are found: The latter types occur on the northern part of the east coast where the shore gradually
turns north-eastward, e-g-. coasts of Andhra Pradesh and Orissa.

. A source of materials is a coastal area from which material is delivered continuously to other bcaches.
The source might be an area where erosion takcs place. a shoal or a bar in the sea. a shallow area in
front of an inlet which has been closed. a river which transports sand material to the sea or a sand drifi
trom dunes to the beach. Artificial nourishment of sand to an eroding beach from a borrow pit also

functions as a source (ref- 3)-

4 drain or sink of materials is a coastal arca wherc materials are deposited- A drain cou!d be
any marinc foreland such as a spit, recurved spit, a tombolo. an angular foreland. etc. [t might also be
a bay. an inlet or a shoal or a nearshore submarine canyon. Man-made structures such as jctties. groins
or dredged sand traps usually act as drains (ref. 3).

Both the above terminologies are used in the Section 3.2.4 dealing with the choicc of coastal
protection. For the technology of coastal protection, the following general rules are very imporant:

I. A coastal proicction should be built in such a way thai it functions as a drain- It should
therefore. have a source but not a drain on the updrift side- If there is a drain, the coastal protection
will not be very successful unless material is supplied artificially to replace the material eroded.-

3. A harbour or an improved inlet on a coast with littoral drift should not act as a drain (sink)-
Tt should. therefore. have no source, but if possible. a drain on the updrift side would be a suitable
proposition. Howcver. it is very difficult to find a plazc where ideal conditions exist. and thereforc. many
other fastors which are of lozal importance should be taken into account. Most harbours are built In
sheltered arcas in inlcts or bays or in river mouths. In such areas. depositions will invariably take placc
cither from the littoral drift or as a result of silting. by material discharged by rivers. sewers. cic This
means that the harbour actually functions as a drain. Numerous harbours all over the world function on
the abovc pa'tern and in India no.able examples are Cochin harbour on the west coast (ref- 32) and

Calcutia harbour in the Hooghly river on the east coast.

Proiection of the inlets against littoral drift on the open coast can be done by the construction
of jettics for making an ‘improved inlet’. An improved inlet acts as a drain and protects the inlet. but at
the sam~ tim= it cuts off the supply of material to the beaches on the lee or downdrift side which again
means that these beaches. having no source on the updrift side. will become undernourished: [t will be
seen. therefore. that the coastal protection problems are quite opposite of the harbour problems.

Coastal proiection, however, is not merely a beach problem. Tt is also equally necessary to deter-
mine whether loss of material takes place from the offshore bottom due to large steepness of the bottom
profiles or. by the existence of a submerged canyon which may drain material from the shore during
storms (see Section 3.1.2). Both undoubtedly happen at several Indian rocky shores and are detrimental
1o the success of any coastal protection:
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3.1.2 Beach and bottom profiles: [t is well known that beaches and duncs mainly erode during
the periods of storms when the waves are high and steep- On the ocher hand. beaches build up during
calm weather periods when long waves called ‘swells’ occur (Fig- 3.3)- The reason for this differencc
has been very well cxplained by both laboratory and field tests- [t is related to the ratio of the time dura-
tion beiween the start and the completion of an uprush/downrush cycle with downrush in its lowest
posiion (fud) to the wave period (T) (refs- 21 and 22)- [f 7ud/T is less than I. a ‘swell’ or ‘ridge’
profile devclops which means that the bsach builds up- [f fud/T is greater than |. ‘storm’ or "bar’ profile
will develop which means that the beach erodes- Ridge profiles develop during the swell periods occurring
along the shores of [ndia during the non-monsoon season (ref- 25). Bar or storm profiles develop during
the monsoon season when there are steeper and more choppy waves.

As an example. take a nearshore profile- If an offshore bar appears at some disiance from the shore. it
may not disappear during the swell-season but it tends to migrate towards the shore: The normal way ot cxpies-
sing this development is by saying that the shorcs build up during the summer season and crode during the
winter season. But this has nothing to do with summer and winter seasons of I[ndia where seasons in
rcgard to beaches are classified in accordance with the wave action during thc monsoon ard non-monsoon
seasons- The net result of sucha seasonal profile movement would be zero. While considering the siability
of a coastal structure it is imporiant to know the magnitude of seasonal movemsn's in onshore and offshore
directions- A survey ot a swell profile may lcad to a very false impression of the geometry and stability of the
profile- To plan coastal structures properly in such situations, the maximum beach fluctuations with special
reference to the minimum elevation occurring during the monsoon period. should be known (see Section 3.3.1)-

The beach profile may, however, be subjected to a continuous loss of marerial to deeper offshore
waicrs from where the material may not return to the shore- Such losses, in particular, take place at steep
shores and generally occur at some of the rocky shores of [ndia which have lost thcir beaches. sometimes
lcaving interlocked pocket beaches. Othcr losses may take place in submarine canyons extending from
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Fig. 3.3 Swell profile and storm wave profile,
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offshore to nearshore. Such canvons are not common in India but they do occur at places south ot Pondicherry.
e.g- at Cuddalore. Material may drift towards offshore in the form of the so called bottom creep which
occurs on the steep shores or with the transversal currents called rip currents which carry sediments-laden
water across the surf zone in large sediment plumes recognizable because of their distinct colour difference from

the surrounding waters.

3.1.3 Wave mechanics aspects : From the Scction 3-1.2 it is evident that the wave climate is of utmost
importance for the geometry and stability of a beach. The nearshore interaction between the waves and the
profiles is related to the character of wave breaking-

A factor. 5 is introduced which is defined as

s = tan 1/ \/mo'
where 2 slope angle
H = wave height at the toe of the slope and
L, = deep water wave length

As explained in the Section 3.3.1 and Appendix B. wave uprush is maximum when 5 > about 3. Waves
are then in the so—alled collapsing-surging breaker stage. Table 3.1 describes the breaker type in relation to

the so called surf parameter § (Appendix B)-

Table 3.1 Breaker type in relation to the parameter $ or .

Breaker Type Limiting Criteria
Surging or collapsing if > 3.3
Plunging if 0.5<:z2< 3.3
Spilling if §< 05
Using the breaker surf parameter Sy, = tan a/ JHy/L,
H, is the wave height at breaking

Surging or collapsing if S, > 2.0
Plunging if 0d<3, < 2:0
Spilling if sy < 0.4

Fig- 3-4 shows schematically the general appearance of the various types of breakers- From this it can
be deduced why the collapsing or surging breaker which suffers minimum energy loss from its plunging gives the
maximum uprush. Uprush on a beach is maximum from the waves with relatively low steepness ratio and for
the steep beach slopes- This factor is very important while considering the design of any dune or dyke as

explained in Appendix B-

As can be deduced from Table 3-1. the parameter §b defined in terms of the wave height at breaking
H,. somewhar alters the ranges of the breaker types- The height of the wavc at breaking and the breakecrdepthcan
be determined from Figs. 3.5 and 3.6 for various types of beaches or for the offshore bottom slopes ranging from
m=0.0ltom=0:15(1:100to 1: 7). When $b =2 maximum uprush on a beach is produced-

3.2 Review of coastal protective measures

3.2.1 Natural and man-made coastal protection : Nature not only erodes but also protects and it can

safely be inferred that there is no protection offered by man which has not been demonstrated earlier by naturc:
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SPILLING

PLUNGING

COLLAPSING

SURGING
Fig. 3.4 Various types of wave breakers.

Nature developed all types of shore protection much before man studied and deduced from them- Consequently
we should learn more from nature. This would mean that the right type of field data must be obtained: We must
also admit that nature has been more imaginative and has often achieved more successthan man. Perhaps what
we observe in nature and collect as our discovery is mainly the success nature has achieved (ref.3)- Where
nature has failed. nothing was left- Coastal geographers and geologists often describe nature’s coastal protection
in non-technical terms (ref- 39). Technologists can learn from them too-

Table 3-2 gives some of the examples of nature's protective measures and also the imitations of nature
demonstrated by man. Nature has all types of resources at its disposal and is able to give a full demonstration
whereas man is limited by his meagre resources, instruments and other facilities- He. very often. lacks the proper
tools and adequate facilities-

Nature's coastal protection is demonstrated everywhere in India at the headlands. reefs, rocky shores.
dunes and at the points where rivers supply material to the shore. There are few places in the world which have
such an abundance of natural protecticn as in [ndia. Nature's seawall is most often made of lateritic rock
which has proved to be quite safe against abrasion and weathering (Appendix E)- From the point of view of
coastal protection, the supplies of material by rivers to the shore of [ndia mainly during the monsoon is a blessing
despite the fact that deposits at entrances create problems for navigation. The mud banks of the Kerala coast
have also been an advantage but due to the fact that they migrate along the shore. their beneficial effect is only
intermittent (ref- 11). They cause severe terminal erosion problem due to changes in wave characteristics
brought about by them.
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Table 3-2 Natural and man-made coastal protection (ref, 3).

Natural Man-made
Shore rock Seawall
Rock reef Submerged bulkhead or mound
Rock island Offshore breakwaters
Headland Large breakwater perpendicular
to or at an angle with the
shoreline
Rock perpendicular to shore Groins
Sea floor vegetation Bottom mattresses
Dune Dyke
Material transfer to shore by :
Wind drift Artificial nourishment from
Rivers land sources
. Longshore littoral drift and Artificial nourishment from
sea boftom onshore drift offshore sources
Natural bypassing of drift Mechanical bypassing of drift
at tidal inlets at tidal inlets

3.2.2 Prerequisites for coastal protection : Some of the basic needs for coastal protection are listed in
Table 3.3 wherein they are classified into two main categories—large scale and small scale.

Table 3.3 Needs for coastal protection (ref. 3).

Problem Large scale Small scale

Reclamation of land and protection

of the reclaimed land X
Protection of property and

structures on the coast x %
Construction and protection of

beaches X Pocket beaches

In India protection of properly on the beaches is most important as some shores. particularly in
the Kerala State. are very populous- The fact that they are often located on narrow tarriers separa'ung
the sea from lagoons or from low lying wetlands makes the problem rather difficult. Under such situations.
little or no land can be lost to the sea- Rather. the need for recovering more land from the sea is urgent.
Reclamations of land have been undertaken from the estuaries. backwarers. mangroves and rivers for centuries
but seldom from ihe open seashore. although dunes and elevated sand platforms have been built or rebuilt

at some places on the shores-

3.23. Types of coastal protection : Table 3.4 gives different types of coastal protective measures.

their relative ability in providing the necessary pro.ection and their influence on the adjoining shores.

The type of protection which is most practical under the conditions prevailing today is the seawalls
or rather the so-called revetments or sloping walls. These ars mostly built in India from coastal rocks

such as granite and laterite (Appendix E)- Groins have been used in some ‘desperate’ cases. e g
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Tuble 3-3 Coastal protective measures classified in accerdance with their ability to provide protection
to large and small shore areas and their influence on the adjoining shores (ref. 3).

Large scale Small scale Effect Influence on neighbouring shores
Groins > May stop or decrease shoreline Adverse. often
recession but not it offshore very severe.
¢rosion continues-
Seawalls 2 X Stop erosion where they are built May to some
but do not stop offshore erosion- extent become adverse.
Shore parallel R Will probably stop erosion and Adverse. often
breakwaters build up beach whers they are erected.  very severe.
Artificial nourishment : Widens beaches. provides full Beneficial-

protection if well maintained.

on the downdritt side of the improved inlets (Cochin harbour. Kerala) and at the beaches downdrift
of headlands (Moplah bay. Kerala). but unforiunately they have not been very successtul although they
have benefitied some localized points- The overall effect of groins on erosion oftenis to do more harm
than good due to the unavoidable leeside erosion (ref: 3)- Groins should, therefore. be avoided unless their
main purpose is to keep a beach at one particular position at the cost of adjoining areas- [n such
cases the so-called T-groins which trap the beath material are preferable (see Fig- 3.15). But the adverse
effect of T-groins is similar to that of other groins (see also Section 3.3.3).

Shore parallel breakwaters (see Fig- 1.9) have hardly ever been used for coastal protection in India
but some harbour breakwaters exiending from headlands such as at Cannanore and Vizhinjam in Kerala
have faced adverse effects on the downdrift beaches and also on the maintenance of depths in the
respective harbours- Artificial nourishment of beaches has not yet started in India but it will undoubtedly
become the most widely used method for protection in India in the near future. There is hardly any place
in the world where it is better justified than I[ndia because of the heavy population pressure on some highly
developed shores of I[ndia. Nourishment will then mostly, if not always. have to come from the sea
com>rising everything from man-powered draglines and winches to hydraulic dredging to be discharged on
the beath- Wherever harbour structures have caused erosion due to their effect as littoral drift tarriers.
the transfer of ma er:al by pumping should be initiated. e-g- at Madras and Paradip harbours- Special types
of intermitient hydraulic transfers have been tested. e.g- at Nagapattinam while others are in the planning
stage (see also Section 3.3.6)-

3.2.4 Choice of protective measures : [t is easy to make a right choice of coastal protection for
the conditions existing in I[ndia. but perhaps the choice will invariably rest on some type of seawall- This
report provides further details on the choice and design of seawalls and reveiments.

The most important basic factors to evaluate the need for a seawall and its expected functions
are the erosion situation of the offshore bottom and the availability of material for natural nourishment
of the beaches- Table 3.5 gives a summary of Table 6 in reference 3 and explains how the seawalls
and revetments are expected to tunction.

Similarly, Table 3.6 gives further details of seawalls- Table 3.7 and 3.8 refer to groins and offshore
breakwa'ers. They are included for the purpose of general information about their performance although
they may noi deserve the same interest and practical use as seawalls and revetments. Table 3.9 gives
the details of the performance of aruficial nourishment- Furthermore special aitention should te paid to
bypassing of material at harbours and tidal inlets which is dealt with in Section 3.3.6.



3.3 Design details

3.3.1 Seawalls and revetments : Thc basic pa:ame.ers which are important for planning and designing
of coasial protection and the surveys requircd havc beengiven in Secuions 2-3-1 and 2-3-2- For the seawalls much
emphasis should be given on profile surveys as mentioned in Section 3-1.2 to deiermine the movement and the
stabilivy of the beach and the bottom profiles in rclation io tidzs and wave action during the storms. Furihermore.
information on soils is also necessary (Appendix D). Thc various cemponents involved in storm tides are
mentioned in Section 13-

The generald=sign criteria for the conditions prevailing in [ndia are that rhe seawalls should be as cheap
as possible and therefore must be built from the local materials using local labour. Simi'arly. mechanization
should be as modest as possible and manual work should be preterred within the limits set for proper
construction and reasonable time schedule-

Table 3.5 Coastal protection in relation to source of materials and conditions of beach profiles for bene-
ficial versus adverse effects.

Coastal situation : actual conditions of

Seawalls and revetments
source of material and beach profiles

A. Plenty of source material: Might be necessary to avoid attac;k under extreme high- water and
Overnourished profiles. storm conditions. Should be built in such a way that they con-
tribute to as little erosion of beach as possible. Vertical walls
built too close to the shoreline increase erosion. Energy absorbing

walls, revetments or rubble mounds are usually preferable.

B. Source material available: Same as above.

Sufficiently nourished profiles.
Balance between material eroded
and deposited.

C. Only limited source.

C(a). Erosion only up to limited depth C(al). Source of material :

in the sea. Can stop erosion provided they are stable at the depth at which
erosion takes place. Even if groins are built, a seawall might also
be necessary to avoid attack at toe of dune or cliff under extreme
high water and storm conditions. It is very important that they
be built in such a way that they contribute to erosion as little as
possible. Sloping walls, revetments and rubble mounds work

better than the other types in avoiding beach erosion due to low
reflection of wave energy.

C(a2). No source of material. Same as above.
C(b). Erosion up to deep water in the  C(bl). Source of material :

sea. Unless material is supplied artificially to balance erosion, the
groins built will work only for a limited period before collapsing.
It is very important that they contribute to erosion as little as
possible. Sloping walls, revetments and rubble mounds contribute
by themselves to little beach erosion as compared to other types
because of low reflection.

C(b2). No source of material :

Unless material for total balance of erosicn is supplied, groins
built, will work only for a limited time before collapsing. It is very
important that they are built in such a way that they contribute
to erosion as little as possible. This would mean low reflection.
Sloping walls, revetments and rubble mounds by themselves
contribute to little beach erosion as compared to the other types.




43

Table 3:6 Details of the performance of seawalls (ref. 3).

-

What is wanted :

Layout and geometry:

Storm tide and/or extreme protection
of shore and beach. Protection of
specific valuable areas industry, buil-
dings, highways etc ).

As streamlined as possible. It is best
to leave and maintain a beach in front
of the wall.

Influence on adjoining shores.

Comments -

Energy-adsorbing wall or revetment
on dyke or dune. Any type of substan-
tial wall with as little adverse effects
as possible.

Erosion may be stopped at the wall
but artificial nourishment may be
needed to maintain beach in front
of the wall.

Leeside erosion may result if erosion
continues leaving wall as protruding
headland or it wall is built too far
seaward and is not streamlined in hori-
zontal geometry. Transfer of sand
or other nourishment of downdrift
shore may be needed.

Height to match beach
profile wanted to the
practical extent possible.
Length / spacing ratio
from1:1tol:4depen-
ding upon quantity of
drift and beach mate-

rial. Most common ratio
isl:2.

Fixed elevation-

Permeable : May be adjustable or

fixed.

3. Combination with Groins. To break longshcre current and possi-
other coastal protective bly build up beach in front ot wall.
measures: Artificial nourishment To maintain beach in front of wall

and/or to check downdrift erosion.

4. Design: Energy - absorbing (sloping and / or Considerate to beach stability due to

. mound type). friction and low reflection.
Non-energy-absorbing (vertical sheet May create local erosion due to less
pile or slab). friction against currants and more

reflection.
Table 3-7 Details of the performance of groins (ref. 3).
Comments :

1. Degree of efficiency Just beach stabilization. Short groins mainly covering the beach.
wanted: Also widening of beach. Longer groins. possibly extending

beyond bar or breaker zone.

2. Layout and geometry:  Streamlined in horizontal geometry. Reaction of shore protected- Stable or

No sharp turns or corners. widening and then stable.
Influence on adjoining shores: Usually
beneficial or neutral updrift byt
adverse downdrift.

3. Combinations with Seawalls. To cope with extreme conditions
other coastal protective including storm surges. .
measures : Artificial nourishment. To fill groins and widen beach initially

and maintain width.
To eliminate adverse effects on down-
. drift beaches.

4. Design: Impermeable: Energy absorbing. Less reflection, less loss of sand.
Length in agreement Non energy abso;bmg- More reflection, more loss of sand.
with point 1. Adjustable elevation.

May be operated to match fluctuations
of beach

Can not be operated to match fluctua-
tions of beach.

“To blow and have flour in your
mouth at the same time-” May
provide beneficial results where cur-
rents are the main agents in transport
of materials, that means in rivers and
estuaries.
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Table 3.8 Details of the performance of offshore breakwaters (ref, 3).

Comments :

Protection or protection and beach. If breakwater is built on littoral drift
shore both are usuatly obtained.

Parallel to shore or largely following Tombolo formation will result on shore

depth contours. to be protected. Severe downdrift
erosion may result due to littoral
barrier effect.

1. What is wanted :

2. Layout and geomelry:

3. Combination with Groins: This combination is unlikely unless
other coastal protective groins are used to check downdrnitt
measures erosion, thereby transferring problem

further downdrift.

Seawalls. May be built to protect uagainst
extreme storms and tides to check
downdrift erosion.

Artificial nourishment, May be used to create beach more
rapidly if natural supply of material
is limited or to check downdnitt

erosion.
4. Design: Energy absorbing structures preferable.
See Table 3+6. Combination with
natural reefs often advantageous.
Table 3.9 Details of the performance of artificial nourishment (ref. 3).
1. What is wanted: Protection and beach.
2. Layout and geomelry : Follow natural shoreline closely on straight or streamlined shores.
Fill in pockets on headland shores and artificial pockets.
3. Combinations with other Groins:  to create or maintain beach and to eliminate leeside erosion.

coastal protective measures: Seawalls: to protect wall and/or create or maintain beach in front of wall
and to eliminate leeside erosion.

Offshore breakwaters: to create and maintain protective beach.

4. Design : Nourishment from land or offshore sources.: Offshore equipment under
development. Various methods tested in actual operation. Sand shall be
suitable for nourishment. Main requirement is that sand should be as
coarse or coarser than the natural beach material and of no less specific
gravity. Bypassiog arrangements by fixed or movable plants including
weirs and floating plants. Movable arrangements preferable.

Seawalls can be classified into three groups. namely. sloping walls of revetment Lype. vertical grasity walls
and piled structures or simple mound structures to con'rol emergency situations- Figs:- 3.7 to 3-14 show the cross
sections of the various Lypes of seawalls or revetments designed urder a varie.y of conditions:

Rock mounds and revetments: Figs 3.7.3-8 and 3.9 present the general design parameters as cxplaincd
below. Hvdraulic and wave mechanics design cricria are given in Appendix A and B whercas the soil saability
characteristics are prescnicd in Appendix D With these detailsitis possible to determine the armour weighis and
the top eleva'ion of the wall based on the information on waves and tides and predict the foundation stability-
Additional information on revetment design is given in refs. 3. 6. 7. 14 and 43.

Gravity walls: Graviiy walls, as shown in Fig 3-10. are useful a* p'ates where wave acdon is limied. e-g
in estuarics and protected tays. At the same ume they may function as berthing plazes for small vessels.: Their
main drawba-k istha. they. dueto their verical fases. have a high rcflection coefficient. This siirs up the
beach and bottom sediments in front of the siructure (refs. 6. 14 and 43). A protective apron. therefore. in
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front of such walls becomes absolutely necessary- Many gravity walls are known to have collapsed due to the lack
of such a protective apron- [t may also be necessary to apply a proper oversplash protection to avoid ervsion of
the area just behind the wall. Informations on the wave height at the breaking point and the breaking depth
may be obtained from Figs- 3.5 and 3.6 for various depths and bottom slopes- The wave pressures on such walls
can be calculated using the principles and methods outlined in ref.- 30 reccommended by the International Waves
Committee and in refs- 43 and 44. Details on soil aspects can be obtained from Appendix D-

Piled walls: Figs- 3-11 and 3-12 show two inexpensive piled walls which may be used in areas of limited
wave action. Both piled walls and particularly the fascine wall must be constantly maintained- Measures may
have to be taken against scour at the toe of the structure- The materials available for such walls are timber piles
or palm trees and fascines of available local shrubberyor brush wood. Mangroves are not very useful for this
purpose- The fascines may be developed on a so—alled fascine bent which is shown schematically in Fig- 3-11.

The crib type wall shown in Fig 3-12 is generally more useful than the fascine wall because it can resist
wave action better- It is important, however, to point out that erosion shou!d not be allowed to take place in front
of the wall because it could ultimately lead to a collapse by overturning or sinking of the wall by undercutting.
If signs of such a development appear, appropriate remedial measure should be taken up immediately, e-g-

using toe protection-
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Fig. 3.7 Schematic of a rock mound wall in front of a dune on an open beach.
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Simple mound walls: Fig 3-13 gives an inexpensive mound wall whereas Fig. 3.14 gives an inexpensive
revetment of sand filled bags- These structures may be built from large bags made of jute or synthetic materials
if available at a reasonable cost- Bags could be filled with small rocks or pebbles of local origin or with sand-
These structures are generally used for an emergency purpose only as a temporary measure- It should, however,
be noted that such structures require regular maintenance- Unless the maintenance part is properly execuied,
the structure cannot last long- Other emergency steps are also mentioned in ref- 7 but they require the use of

heavy materials and lifting equipment-

Mattresses: Any structure resting on an erodible sea bottom should be protected against scour which
could result in undermining. This may be achieved using various types of mattresses-

Basic materials, which can be used for building mattresses, include coconut (coir) or other pa'm
fibres and lozal shrubbery or brushwood- In Kerala, bamboo fascines are successfully used- These are fairly
cheap and appear to be suitable for protective measures: The durability of such maitresses could becomea
problem- In recent years, synthetic matiresses have been introduced and these are available in India also-  They
are usually made of polyethylene or polypropelene fibres and are commercially available in fabrics of various
mash sizes- Fabrics should be more or less impermeable to sand which means that little sind should pass
through them. But they should be perm:able to water- If the soil contains organic or shell material, the bags
made of such fabrics may clog rapidly and become impermeable to water also- In the latter case, graded filters
ot rozk. e.g-, lowest sublayer of +=2" (1 to 5 cm) gravel, next sublayer 10-50 kg rock ‘one man stonc’ are
to be plac-cd_on this filier material before the armour layer of bigger rock is placed (refs- 3 and 43)-
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mined by 'g" ”‘gs for p".""h"’“m." W‘J'F Dmax= Depth at toe of structure at highest tide level
screens may be erected at one of the points indi- occurring in conjunction with the lowest beach
cated by W, to decrease overtopping. Assume elevation.

maximum wave height at toe = Depth at toe (in

general). See Appendix B for details. 1:n = Sq = Seaside slope depending upon wave charac-

teristics (Appendix B), core material and rocks

e = Base clevation of toe foundation. It should be available (Appendix E). Design of mound should
at least 0.5 metre below the lowest beach eleva- be by optimization for obtaining a most econo-
tion to be expected during or after severe storms. mical, fuactionally efficieat and stable structure.

. W = Weight of armour rock. Depends upon type of

P = Width of oversplash platform placed on a slope rock. type of placement, slope. depth and wave
1:10. P depends upon elevation E. slope and characteristics. See Appendix B and E. Rock to
wave characteristics. A minimum of 2 metres be placed in a minimum of two layers.
should be provided. See Appendix B. W/10= Weight of second armour layer of 2 minimum

b = Width of protective apron. It should be a mini- thickness of 0.3 metre. . . .
mum of 2 metres but may be increased to 4 M = Mattressof local vegetative or synthetic materials.

metres on exposed shores. F = Fill on dune or platform. See Appendix D.

Fig. 3.8 Schematic of a rock revetment for dune protection on an open beach.
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3.3.2 Dunes and dykes-overflow protection: Soms=tim:s erosion is caused by the waves and high tides
during storms. If the shore is high, erosion takes place only on the front side of the cliffs or dunes. On the
other hand if the shore is low, the wave uprush may overflow across the dune or ridge moving the eroded
material from the front side to crown inland- This often occurs on low barriers separating the main sea
from the bay or lagoon on littoral drift shores.- Similar situation may also arise on barrier ridges covering
low marsh lands and mangroves. As a consequencc, the low dunes or ridges gradually move inland and
asituation may finally arise resulting in general recession of the major part of the shoreline.

Overflow of coastal dunes and barriers takes place at many places on the Indian shores but it
is predominantly on the barrier beaches of the east and west coasts: One of the best ways of solving
this problem wou'd be by constructing a ‘withdrawn dyke’ as shown in Fig- 3-17- A withdrawn dyke is a
dyke built at such a distance from the shoreline that it is attacked by the sea very infrequently, {hat
m=ans, it can only haspen under extrems tide and wave conditions (ref- 8). It scrves as a final defence
line and is supposcd to stay intact even under thc most severe storm and flood conditions- Dykes of
this nature a-e usually located well up on the batkshore and at a certain distance from the first detence line
which may be a sea dyke close to the shore or natural dune functioning as a seadyke. Withdrawn dykes are

/. —HIGHEST TIDE LEVEL

oo 2K FILTER OF LOCAL
LL ;'.»,: > CRUSHED ROCK

\—M, MAT TRESS

Er = Top elevation of rock revetment = Elevation of D = Depth at toeof structure at mean high spring
maximum uprush of clear water occurring oncein tide occurring simultaneously in conjunction
every X years, The value of X ttS) be deterr;un;d with the lowest beach elevation.
by local needs for protection. See Appendix Dmax= Depth at toe of structure at highest tide level
Wave screen (W,) may be erected if needed mex occurring simultaneously in conjunction with the
initially or later to decrease overtopping- lowest beach elevation.

Assume wave height at toe = depth at toe (in W = Weight of armour blocks depeading upoa local

general). See Appendix B for details. source of supply and capability to place rock.

In single layer, unit weight should be no less

e = Base clevation of foundation. It should be at than half the weight of blocks placed randomly
least 0.5 metre below the lowest beach elevation on slope. In double layer unit weight may be two
to be expected during or after severe storms. thirds of the single layer unit weight.

Wr = Weight of toe protection blocks, usually 20-50 kg.

b = Width of protective apron. It should be a mini- Fl = Filter of local crushed rock (Quarry run) 1-3 inch
mum of 2 metres but may be increased to 4 (3to 8 cm). See Appendix E.
metres on exposed shores. M = Mattress of local natural or synthetic materials.

Fig. 3.9 Schematic of a rock revetment for protzcting the valuable shore property with
a provision of an access to the beach.
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commonly found along the shores of the low lying countries of the North Sea where a breakthrough into the
low lying land could cause severe flooding- A dyke like Fig- 3.17 is also suitable for the low lying areas of
the east and west coasts of India. The top elevation of the dune or dyke should be determined as described
in Sections 1-2, 1.3 and Appendix B- A seaward slope of | in 7is used based on the experience obtained

from the rough North Sea coast-

Dune protection using withdrawn dykes seems, at first, to offer a number of technical advantages.
Experience has shown that it has, essentially, jusi one disadvantage, and that is, the possibility it offers for the
formation of a pool in between the two dykes by the overwash caused by extensive wave uprushes overtopping
theé crown of the sea dyke (ref- 23). Seepage may then occur through the withdrawn dyke, leading ultimately
td 4 slide or even a breakthrough causing flooding of the adjoining area- If such a slide takes place,
p’f&ﬁma’bly during a storm or cyclone, a catastrophe may result- If the slide occurs after the storm, flooding
and' damage of the land ai the back of the dyke may be limited but damage to coastal roads or railway
lines may be quite extensive. [t is, therefore, very important that the formation of such a pool be avoided.

The stability of sand slopes is discussed in Appendix D-

Earth-moving equipment such as bulldozers and scraper pans, or considerable man-power may be
required to remove the high beach ridges created by swells at the end of asiorm- The pools formed inside the
ridges could be dangerous to the stability of the bea:h because they could lead to mass-slides- A double defence
system, therefore, may be an excellent arrangement which can be used at several places on the barriers of the east
coast and at some places on the west coast- Shore dunes or dykes will have to be moved back gradually. This
should not present any difficuiy where wide uninhabited shores or barriers are available.

7 HIGHEST TIDE LEVEL
“Fl, FILTER

7 HIGH TIDE LEVEL

...........

FILL
,—LOW TIDE LEVEL

LOWEST BEAcx/...----.-o..../,.. s -...-\/......-...........-..
ELEVATION LOCAL ROCK M, MATTRESS MASONRY WALL OF LOCAL ROCK

20 -50 KG
Er = Top elevation of average maximum tide level A = Width of wall depending upon the height of
occurring once in X years. X is to be determioed placed blocks or dumped rock. Width of apron
by local needs for protection of property and depends upon water depth and soil conditions
facilities, to wave height in front of the vtv‘all fg: (a minimum of 2 metres has to be provided).
e oo, W e e b n frontof B = Top width of wall depending_upon the height of
the structure. the wall and load condition. See Appendix D.
. . S = 1 :n= Seaside slope usually of the order of 1: 10.
Es g:;:g‘::ée::itllg:ng{(mﬂ:. %eegexgll;:egndlzgo&water M = Mattress of local vegetative or synthetic materials
e . . . Si = 1:m = landside slope depending upon soils and
= Elevation of protective apron in front octl' walll load conditions. See Appendix D.
g;:fi?gg::: up:l‘:xs:j °§emi>e°|'33°7ﬁ'e wia;;“atn be:?h Fl = Filter of local natural or crushed rock, | -3 inch
elevation. (3-8 cm).

Fig. 3.10 Schematic of a vertical rock gravity wall (for wave heights less than 0.5 m)
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TOP ELEVATION = STORM TIDE ELEVATION TOP CARVED OUT AND FILLED WITH
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ToP
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- LIl TAUT WIRE AND LOCKED
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Fig. 3.11 Schematic of a double piled fascine or bag crib (for wave heights less than 1 m),

TOP ELEVATION = STORM TIDE
ELEVATION + 1-5 WAVE HEIGHT
AT TOE OF STRUCTURE

4. ROCK SIZE DECREASES IN
" THE LAND WARD DIRECTION

Y MEAN HIGH TIDE LEVEL

‘LOWEST BEACH LEVEL

7 MEAN LOW TIDE LEVEL

MIN 20 CM TIMBER LOGS
OR PALM TREES

LOGS ARE SPACED IN ACCORDANCE WITH AVAILABLE ROCK
SIZE . PENETRATION MIN I:'SM TO 2:OM FOR H NOT
EXCEEDING 2O M

Fig. 3.12 Schematic of a single piled rock crib (for wave height less than 1.5 m).
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CEMENT MORTAR

ELEVATION TO MAX STORM
UPRUSH

P R T T T T T
v
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DEPENDS UPON ELEVATION

MATTRESS OF
LOCAL MATERIAL

LOWEST BEACH (
P L5 T

BAGS OF JUTE OR SYNTHETIC FIBRES
FILLED WITH SMALL SIZE ROCKS

Fig. 3.13 Schematic of a simple mattress or gabion wall (for wave height less than | m).

The situation, however, becomes different if the barrier is very narrow or the land area behind the
shore is developed or is profusely inhabited as is often found in India. In such a situaiion, the dyke may
have to be built in the bay or lagoon as a dam, which at exposed places, may have to be reinforced by a
reveltment proicction- [t is also to be noted that the erection of any withdrawn dyke as a second defence
or flood protection line. at acertain distance from the shoreline, will cause problems connected with the land
development (see Section 4)-

On an undeveloped shore, it would, however, be easy to erect a withdrawn dyke at a certain distance
from the shoreline- This distance is deiermined by the rate of shoreline recession- The to-al costinvolved in
acquiring the area to bc occupied by the new dyke and also of the area in between the sca dyke and the
withdrawn dyke will also have to be considered.

The land mass in between the seadyke and the withdrawn dyke may be used for recreation purposes and
also as a fish and wild-life reserve or for certain types of agriculture or forest development- On the developed
shore. the situation would be somewhat different- If it is on the fringes of a city, it will be nccessary to
build a special pro:eciion for thearea at a very high cost because if erosion continues. thecity area will gradually
become a protruding headland- If, instead of a city, a village is locaied on the fringes. it might be better
to move thevillage inland. if conditions permit and the action is justified by the cost involved.

Dune formation: By natural means dunes start building up when an obstruction to wind and sand drift
occurs- The seaward slope gradually becomes steeper and steeper and the wind blown sand particles move up
to the frontslope of the dune. settle in the leeward side in a steep slope making the dune migrate in the
direction of the wind- Dunes are often built up and maintained by different beach vegetation. Appendix F
gives detailed information on the dune vegetation found along the Indian coasts.

Dunes may bs damaged by waves and tides during storms or by drought and diseases destroying the
vegetative area or due to overgrazing by animals and thus leading to wind blow outs.: Dune management
includes stabilizasion and maintenance of naturally occurring dunes. and the creation and maintenance of
protective dunes where they do not exist- Although dunes can be constructed using mechanical means. it is
necessary to stabilize them by the dune vegetation (Appendix F).
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CEMENT MORTAR

NUMBER OF LAYERS DEPENDS N o <
UPON ELEVATION

w EACH LEVEL
LOWEST B LEVE -_—MATTRESS OF LOCAL
: / MATERIAL

SAND FILLED BAGS

.........

WELL COMPACTED

SAND BAGS

MATTRESS

m
+
"

TOP ELEVATION TO MAX STORM WAVE UPRUSH ( SEE APPENDIX B AND FIGURES 3.7a3-8)

ELEVATION OF TOE FOUNDATION. IT SHOULD BE AT LEAST 0.5 METERS BELOW LOWEST BEACH
ELEVATION TO BE EXPECTED DURING AND AFTER SEVERE STORMS

o
"

WIOTH OF PROTECTIVE APRON (A MINIMUM OF 2 METERS)

SAND BAGS SHALL BE PLACED WITH THE LONGEST SIDE PARALLEL TO SLOPE. WEIGHT OF BAGS
MINIMUM 20 KILOGRAMS. PLACEMENT PATTERN AS SHOWN IN FIGURE

Fig. 3.14 Schematic of a simple reverment of sand bags (for wave height less than 1 m).
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Dune construction: Various machanical meihods, such as fencing made of brush wood or bamboo have

been used to construct dunes (ref- 26)- Relatively inexpensive ‘snow fencing’ is used almost exclusively for
the artificial dune construction in the United States. In many European countries, brush wood fences are
common, e-g-, various kinds of spruces (Denmark) or willows (Holland). Fig- 1.1(h) shows a bamboo sand

fence used in Calicut (Kerala) for dune construction.

Studies on the techniques for the construction of dunes of a desired size and profile using sand fences

“have been conducted at many places in Europe and the United States (refs- 1,9, 15, 24, 26, 31, 38 and 43)-
However, certain basic principles as given below should be followed tor their construction:

(@)

(b):

(c)

(d)
(e

()

(g

Fencing with a porosity (ratio of area of open space to the total projected area) of about 50 per cent should
be used (ref. 26 and 43)-

Only straight fence alignment is recommended. Fence configurations with side spurs or zigzag alignment
do not increase the effectiveness of trapping of sand and these become uneconomical.

Placement of thc fence at a proper distance shoreward from the berm crest may becritical: The fence
must not be exposed to frequent wave attacks: The selected fencc line should coincide with the
natural vegetation line or the foredune line prevalent in the area. This distance varies from coast
to coast and is known to be the widest on the most exposed Indian shores (ref. 25).

The fence should be parallel to the shoreline: It need not be perpendicular to the prevailing wind
direction- The fence will also get filled if constructed using a small angle to the wind direction.

The dune which develops by this msthod will be almost as high as the fence. The dune slopes will
range fromabout lon 4 to 1 on 7 depending on the grain size and the wind velociiy-

The rate of fill will not remain constant but will vary with the local conditions- A fence may get filled
during a short period of high wind velocity. If another fence is erected shortly after the earlier is
filled, it may also get filled during the same season.

A double row of fences will facilitate the building of a wider dune.

PREDOMINANT
OIRECTION OF
WAVES

OCEAN

NEW SHORELINE

LITTORAL DRIFT

N —

a/b~2-3  bp/c~I-2

Fig. 3.15 Effect of a group of T-groins on a beach.
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BARRIER SPIT

LAY OUT OF GROINS

VARIABLE

DESIGN WATER LEVEL

LONGITUDINAL PROFILE -+ - -+l o i i e T
NOTE: DIMENSIONS AND DETAILS TO
BE OETERMINED BASED ON VARIABLE
LOCAL CONDITIONS

MINIMUM
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7 ) AR N YO ,-»-...'.\  § - _LAPRON
AP IR XX .‘-u‘lc T AL O IA D IITTTEFIARTN

eaae IO R R A
CROSS SECTION

APRON AT SEAWARD END OF THE GROIN SHOULD BE TWICE AS WIDE AS ON SIDES. GENERALLY TOP
OF GROIN FOLLOWS BEACH SLOPE. GROIN SHALL BE WELL ANCHMORED IN DUNE BY EXTENDING ITS
LAND WARD END AT LEAST 6 METERS INTO THE DUNE OR BACK SHORE. FOR SIZE OF ARMOUR ROCK
AT HEAD OF GROIN SEE APPENDIX B.SIZE OF ARMOUR ROCK ON SIDES OF GROIN DECREASES TOWARDS

SHORE AND HALFSIZE AT THE MIDDLE OF THE GROIN AND QUARTER SIZE AT LAND WARD END. USE
OF MATTRESS ESSENTIAL FOR STABILITY.

Fig. 3.16 Design of terminal groins on a sand spit.
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( DEPENDS UPON LOCAL CONDITIONS )
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Z‘5EA DUNE OR DYKE

Fig. 3.17 A withdrawn dune or dyke (rcf. 8).
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Fig. 3.18 Laboratory tests on dune-building with a single and a double fence system (ref. 26).
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Fig- 3-18 presents the results of laboratory tests with a single and doublc fence. Itis seen that the
double fence is more effective than a single tence (ref- 26)- The spacing between ithe fenze lincs
should be aboui four times the fence height-

Fig- 3.19 shows the results of laboratory testson a single and double row fences on a plain ground
and with a fence placed on bulldozed dunes. It appears that although the bulldozing gives a
‘flying start’, ona long term basis, it is hardly worth the effort.

Fig. 3-20 shows the mechanics of building up a larger dune by erecting properly designed fcnces on
the top of an existing dune- Double row fencing provides a wider and larger dune (rct 26)-

(h) Unless maintained properly, the dunes created by fencing may become short-lived duc to the desiruction
of fencing as a result of corrosion of wire and detcrioration of the wood or duc to dostruction
caused by man himself-

(i) In India, a wide variety of natural materials including bamboo is available for cand fencing. The best
way to main:ain a fence-consiructed dune is to plant some vegetation over it- A few plant specics
would survive even in the harsh beazh environment (see Appendix F for d=:ails)-

3.3.3 Groins: Figs- 3-15 and 3-16 show layouts and cross-sections of groins- As cxplained in
the Scction 3.2.4. the sclection of groins as a coasial protection measurc should be evaluated very carcfully
because the overall effect of a group of groins could easily becoms morc harmful than beneficial: - Gooins.
as described in Table 3-8 may, however, bc beneficial to specific areas wherc a pro.cciion is definicly

1| 1 1 1 T T T
U= 27-8 FPS ( 18:7 MPH) IH [TWO|FENGE PROFILE  ONE FENCE PROFILE ON |

s | st | 4 BULLDOZED OUNE

P = = ==

— o= gt IURR PR e

— ““ONE FENCE PROFILE |ON-
8H an 2H 0 2H H 6 8H PLAINT
GROUND
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ALLOWANCE, FOR BURIED PART

|
TWO FENCE PROFILE| ONE FENCE PROFILE ON-
U=37-5FPS (.25.6 MPH) \ IN IH a|uu.t?ozso DUNE
A/\k AT =T g om-:jrenca PROFILE ON-
- — PLAIN{—
6 H 4R 2H 0 zln 4|H 6 H 8 BHOUND
|
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P T % GROUND
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GH | . 4H 2H 0 2H 4{H 6H 8lH

Fig. 3.19 Laboratory tests with a tence on a plain ground or a bulldozed dune (ret. 26).
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Fig. 3-20 Mechanics of building-up of dunes by multiple fencing system (ref. 26).

wanting regardless of the possible adverse effects on the adjoining shores (ref.28). In such cases. T-groins
as shown in Fig- 3-15 arec most effective because they comparimentalise the beach more effectively. If groins
are built at the end of the beach. e-.g-, on a barrier spit as shown in Fig- 3-16, they will only have a beneficial
effect partly by ho'ding the beach at the spit and partly by decreasing the shoaling effect at the end of the
spit which could also be beneficial to navigation. Fig- 3.16 shows a typical layour and design of a rock
groin- Long and high groins can be used to act as artificial headlands if it is desirable to completely trap
the littoral drift- Such groins may be conscrucied as terminal groins at the updritt side ofa tidalinlet. a harbour
entrance or a submarine canyon. Long groins in conjunction with beach nourishment have been uscd to
provide a stable bcach and reduce adverse effects on the downdrift beachcs (ref.28).

In general. the head of the groin located at the seaward end is more vulnerable to the attack of
waves and scour- [i is, thercforc, imporiant to design this porion with a gradual slope having energy
absorbing charactcristics and a suiiablc apron placed on a mattress- Groins should be extended landward
to provide sufficicni anchoring into the dune or backshore to prevent flanking during severe wave conditions.
Proper maintenance particularly their seaward ends. is essential to prolong the life and functional effective-
ness of groins (ref. 28).

3.3.4 Offshore breakwaters : OTshore brcakwaters, as shown in Fig. 1.9, are not being uscd at
present for coastal proteciion in India- The design of their armour layer should. however. follow similar
principles as outlincd in Appendix B for seawalls: For such large and expensive structures. it is imporiant
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that the wave conditions are known in grearer detail with particular reference to storms. The design procedure
should then follow the guidelines given in the permanent [nternational Assoziation of Navigation Congresses
in their report prepared by the Waves Commuttee. 1976 (ref- 30 ) and presented briefly in Appendix B- The

ma'nrenanze of breakwa ers is esseniial o avoid rapid breakdown of the sreakwater if left unattended and
unrepaired.

3.3.5 Nourishment of beaches : Table 3.10 shows how the coastal protection is likely to developin
the future- [t may be noted thar aruficial nourishment is becom'ng the most essential part of future
protection- Butit requires large and effective pumping equipmant. As the sources of sand tor nourish-
ment in the future will mainly come from the offshore bottom. pumoing equipment must be able to operate in
low to modsra e sea condirions. tha' means wave condicvons up to 2-3 me'res- As the wave climate on [rd an
shore is not very severe. it may be srated thar India is very rortuna'e with respect to operational aspects
of beach nourishment from the offshore sources as the only time of the year when offshore dredging. using
modern equipment. cannot be done would be during the monsoon periods: From the economic point of view.
the artificial nourishment usually is the most advan-ageous. But nourishmznr could possibly be undertaken
in [ndia using simpler means including the use of animal or even manpowered draglines (ref. 3).

Table 3.10 Future coastal protective measures (ref. 3).

Large scale Small scale
AN Sw
Possibly combined with artificial To protect a particular area sloping
dunes or dykes providing storm structures preferable.
tide protection.
AN +SW GR
SW to reinforce dyke or dune May be justified in local areas if well
against extreme conditions of planned and kept filled by nature
waves and tides. and/or by man.
AN+GR SW+GR
When GR are justified economically To protect a particular area where
if it decreases maintenance costs. groins are needed as current
breakers.
AN+SW+GR

[n unusually difficult situations.

Note: AN = Artificial beaches and nourishment
GR = Groins
SW = Seawalls and offshore breakwaters

Certain basic requirements should be fulfilled to ensure high initial stability and as little maintenance
as possible- [n general, these requirements are:

(@) Grain size of the fills should be sufficiently coarse or atleast coarser than the narural beach sand-

(b) Materials should be relatively well soried with particle size distribution to cover all gran sizes present in
the original enviconment. [t should include as lictle fine material (< 0.15mm) as possible and also

little coarse moterial. e.g-, particles > 2 mm to avoid separation and form

ation of a steep and
unstable beach.

(cy The fill material should be resistant to abrasion against wave a‘tack (quartz. teldspar and similar
minerals).

(«/) Needless 1o say thar it should be clean without much clay. silt and organic ma:er.
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Fig. 3-21 By-passing plants and arrangements (ref. 4).
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(e)- It is very important to note that all material required to fillin a beach need not be of a first class
grade- All exposed material is considered as suitable: Even the low grade matcrial may prove
to be quite suitable to provide volume and support for the upper layer of the actual beach mzterial-
However, this upper layer must be maintained by replenishment as and when required.

Section 2.2 and Appendix C give information on how sampling and analysis should be carricd out
to secure information on the overfill ratios and the relative retreat rate. The former is calcula.ed on
the assumption that some portion of the borrowed material is absolutely stable and hence a finite proportion
of the original material will remain on the beach indefinitely- The relative retreat rate is calculaied on the
reverse assumption that no material is absolutely stable, and that the finer material is less siable than the
coarser material. Hence a coarser beach fill will require nourishment less frequently than a finer one-
Overfill ratios can never be less than unity because a beach will not retain more material than what is
added to it- Relative retreat rates can be less than unity because a new fill might erode more slowly
than the native beach material.

The two methods can be compared simply because both of them ultimatcly attempt io predict the
economic factors associated with the utilization of potcntial materials to be borrowed- In moneiary scnse,
the engineer can interprei the overfill ratio as a factor to be applied to the actual unit cost of obtaining a given
material to be borrowed in quantities sufficieni to ultimatcly establish optimum planned projeci dimensions-
The rela.ive retreat rate can be interpreted as a factor to be applied to the maintenance costs assoziated with
its periodic renourishment. The dectermination of these nourishment rcquirements is based on natural .
erosion rates of the native maierial.

Both models are quite simple from a conceptual standpoint- Therefore, it scems unlikely that cither
of them would fully describe any real shore situation. However, a subile distinction can be made in the
types of uses to which these methods are put to- On one hand. the engineer wanis to estimate the
total cost associaied with the selection of a given borrowed material- The application of the two meihods
will give som: indication of the possible range of such values but a strict usc of the either method
seems unjustified. when the inherent simplicity of the models is weighed against thc staggcring complexitics
of the physical processes operating in the nearshore and bcach environment. On the other hand. ihe engincer
is usually limited to a few economically feasible sources of borrowed matcrials and hc must choose onc.
regardless of the absolute accuraty of his predicted costs: The strengih of thesc meihods io help arriving
at a decision seems grealer than their absolute predictive powers.

3.3.6 Bypassing of material at tidal inlets : As explaincd in Section | with reference to Fig 1.11,
India has experienced severe erosion problems due to improvements of many inlets by jeitics and/or
dredged channels- This problem can only be solved by bypassing of material from the updrift side of the
inlet to the downdrift side-

Improvement of the tidal inlets in India has come special featurcs: In many cascs. improvemenis
have given morc adversc effects on the shorc siabiliiy than similar improvcmen s clscwhere in the world-
This is due to the skewness of the flow occurring during the ra‘ny (monsoon) scacon The ebb flow
becomes very predominant over the flood flow and the result is that material being transporicd as bed
load as well as suspended load is jetted far out into thc sea where it gets lost asit ncver returns to the
shore: This effect is very obvious when during the monsoon the high flood discharges of a river
breakihrough a barricr which largely remains closed during the non-monsoon period- It a'so o=curs
when the ebb flow during the monsoon produces a deep cut through or pushes out an exis-ing offshorc bar
or a shoal further offshore- An example of the former is found at Ponnani and of the la‘ter at
Neendakara both in the Kerala State on the west coast- On the Bay of Bengal side, corresponding cases

are found at num:rous places in Andhra Pradesh. e.g., at Biminipatnam and in many monsoon estvaries
of Orissa.

Jetty improved inlets are, therefore, even more dangerous for conditions prevailing in India than
elsewhere. As many tidal inlets in India may need such imnrovements, the outlincs of thc method and procedures
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are given in Table 3:-11, and in the legend of Fig 3.21 which shou'd be followed- The bypassing procedure
which could prove to be most successful for Indian conditions is trap-dredging by which drift material
is accumulated in dredged traps located at a convenien: plazc from where it can be removed by hydraulic
pipeline dredge at regular intervals- Figs- 3.22 and 3.23 show some practical locations of traps for improve-
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ment of navigation as well as for the transfer of material to downdrifu beaches by a hydraulic pipeline
dredge where the d'scharge pipe is carried on pontoons or through a submerged pipclinein the case of
excessive wave astion- Moderate wave action on the I[ndian shores makes it generally possible to
operate hydraulic pipeline dredges in the open sea for at least during a major pariofihe non-monsoon

scason:

The situation in [ndia as it stands today, is that suitable dredging equipment is not available tor
hand'ing beazh nourishm2nt projects- But progress will definitely be achieved in this directionif continuous
efforris madz- At presen’. coastal structures such as Qroins. je.ies and seawalls can still provide economical
solution to coastal erosion problem in India. Efforts should. however. be made to develop coastal
prowective mzasures which interfere least with na-ure such as artificial nourishment by adopting suitable
dredging and sand transter systems-






Coastal Protection Management

Some of the most important rules in planning of any coastal protective measure are:
(a) to look at the problem on a broader scale and to be farsighted.

(b) to plan coastal protection in full consideration with what is in the neighbourhood: [n
other words. coastal protection should always be handled by a large group of people, a public organization
or a city council which would be able to take an overall view of the problem for the benefit of all concerned.

A well-coordinated programme with the participation of various intcresi-groups is required to
consider multiple use of coastal resources- Although State governments are to administer coastal zone
management programmes. both Local and Central interests should be carefully considered along with
State interests- Short-term and long-term interests have also to be considercd while planning any
improvement programme in the coastal zone:

Administratively, one must distinguish between regulatory steps and steps iowards improvements.
Regulatory steps are normally intended to control the construction or crection of all coastal structures
to cnsure that no structure will be placed or no action will be taken which will have harmful effects ot an
order of magnitude which will be against the interest of all concerned- Administration of such regulatory
measures should necessarily be in public hands- Regulatory steps should include rules for the location of
buildings on shores, particularly with respect to their minimum distance (set back) from an (eroding) dune.
cules for the maintenance of dunes and coastal platforms and rules regarding the removal of beach material.
Such rem>val should always be prohibited from all eroding shores.

The problem in [ndia at present is connected with the enforccment of such rules, particularly
in denesly populated shores wherc cvery metre of recession of the dune increases the congestion of houses.
which are ofien saturated upto a maximum limit- In such cases, individuals or groups may become so
desperate that they take actions which arc not only inadcquatc for their own needs but dangerous to
others who own property on thc same beach. [t is often very difficult to cope with such survival actions.
The only practical way of handling such problems is by well-planncd remedial measures based on both
short-term and long-term considerations:

Steps on improvements include well planned coastal protective measures which are built to last
long if maintained properly.- As mcntioned in Section 3-2.4, the situation in India favours the use of
seawalls mainly of reveiment type which stops the dune erosion. but it may not necessarily stop the beach
erosion. Most often they do not, because erosion will continue to occur duc to an imbalance in the
material supply loss system as explained in Section 3-1.1-

Administratively, action on coastal protection measures will have to come from one or more
groups of people through a public agency-Central and/or State or local municipality. which should ultimately
consider the action on planning and financing: [mprovements. however. nced not necessarily have to be
directed only as counter attacks on the sea. [t could well be the actions on the withdrawal of homes or
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other facilities for re-locating them further inland at public cost: The arca affected by crosion may then
be left as a recrcational park for the public or for other usages by the public. protected and maintaincd

at public cost:

Such steps. however. may easily infringe upon the rights of individuals and they may take a long
time to resolve the dispute:

Coastal protection should not become a passive defence measure- India cannot afford 1o losc land

to the sea in several of its populous states- [t must win the battlc by regaining the lost land by suitable
measures and the ultimate answer to India’s coastal protcction problem undoubtedly lies in offshorc dredging

of sand for the nourishment of its starving beachcs.:
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Appendix A

Wave Data Analysis

N. M. ANanD
National Institute of Oceanography, Dona Paula, Goa

A.1 Wayve statistics

The instrumental wave data will be cithcr in analog form or in digital form- The method suggested
by Tucker (ref- 12) for the analysis of wave data which is in analog form is quitc simple, rcliable and less
time consuming- This method is based on the statistical thcory devcloped by various authors (ref-4) for the
occurrence of the maxima of a random function. Herc the quantity Hy (thc sum of highest crest and lowest
trough) and H, (the sum of second highest crest and the second lowest trough) arc first determined (Fig-
A-l)- The statistical theory shows that thesc two quantities are a function of thc root mean squarc
deviation of the water surface /m, and the number of waves Nz (zero up-crossings) (sce Section A.3).

B 221 N} [1 +0-289 (In N,)=1 = 0.247 (1n N2 .. Al
mq

;[—'_= 221nN,)}[1-0.211 (In N,)=1=0.103 (In N,)= | g A2
m,

Fig- A.-2 shows these ratios plotted as a function of Nz(ref 12).

The significant wave height Hs is computed as Hs =4V The statistical crror involved in the
cstimaiion of Hs is. however, little and the cstimates are quitc comparable to those of thc mean of the highest
one third of waves (significant wave height, Hs)in thc record- Using H2» we can get quite. reasonable
estimates whereas from Hj these would be on the conservative side- Further, thc mean wave height Hm
can be computed from the work of Cartwright and Longuct-Higgins (ref- 4) as

Hn= ymy [ y2r(1-€®] - . . A3
where € is the spectral width parametcr.
Also,
Hm=~,'"—o ;/E; 5‘2 .o .o A.4
N

where Nc is the number of crests in the given wave record.-

The parameters thus evaluated from a single wave record arc termed short-icrm wave statistics- One

importan. assumption in short-term wave statistics is that the wave heights follow a Rayleigh's distribution
(ref. 9):

R(H)=1-exp-[2(H/H,)] . o AS
where R(H) is the probability of a wave height notexceeding H- Hs is the parameter of the distribution.
69
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An cstimate of thc most probable highest wave, Hmax among N waves is given by
Hpmax = Hs V(/aN)/2 .. o A.6

The most probablc highest among 1000 waves is then H,, (1000) =1.86 H,- Knowing the avcrage
period of these waves, N can easily be converted into duration.
The extreme value distribution corresponding to the Rayleigh distribution Ry(Hy) is given by -

Ry(Hy)=exp [ - Nexp { =2(Hy/Hg)* } ] .. - A.7

where Ry(Hy) is the probability that the ultimate highest among N waves shall be lower than Hy and
Hg is a known paramcter- Choosing N=1000, Hy=15m and Hg=5 m givcs Ry(Hy) = 0.999985, which
shows that there is a very low probability for the highest among 1000 waves to exceed 3Hg: If in the
example. the above change of value of Hy to 10m results in Ry(Hy)= 0.715, this would show that there
is a fairly high probability (0-285) for thc highest among 1000 waves to excced 2 Hg:

The statistics obtained from a collection of large number of wave rccords is called long-tcrm
siatistics- Unlike the short-term statistics, thc long-term statistics can not be deduced theorctically as the
long tcrm probability siructure is a reflection of local and distant climatological fecaturcs- Hence the data
herc are considcred to be the result of random sampling from a population, the distribution of which is to
be dctermined.- Once a distribution which gives acceptably close fit to the data is found. extrapolation
bcyond the actual data basc can be madc:

In general, it is the expericnce of many investigators that the long-term distribution of Hg follows

a Weibull distribution. Weibull distribution gives a better fit especially at the upper tail which is most

important in view of the extrapolations mentioned above. The three-paramcter Weibull distribution is
given by thecquation:

P(Hg)=1=exp (- {(Hg=Hp)/(Hc-Hy)}"] .. A8

where P(Hg) is the probability that the wave height is less than or cqual to Hg. H,, Hco=H, and T
are the location, scale and shapc paramcters of the distribution- Fig- A-3 gives a typical Weibull plot .
of Hg for the wave data collected at New Mangalo:c Port-

Combining the equations A-5 and A-8. the long-term distribution of individual wave heights can
be written as

P(H) = of.R(H) p(Hs) dHs .. . A9

becausc He is the parameter of R(H). P(H) then gives the probability that H shall not be cxceeded.
Nordenstrom (ref- 10) showed that the equation A-9 can be approximated by a new Weibull distribution

P(H) =1 - exp[ - (H/C+-H¢)P] .. b A.10

Hg and Y are known from the equation A-8- Knowing the value of T the Table A-l can be used to estimate
the parameters C and D of the equation A.l0-

The notion of “Return Period” is very much used in the engineering applications of probability
distributions- The probability of a value equal to or exceeded by x is given as | = P(x)- The reciprocal of this

T(xj=1/[1-P(x)] oo - A.ll
is called the Return Period. It is the number of observations such that. on thcaverage, x is exceeded.

If T is the average time interval between the occurrences of the event being considered. the equation
for the return period may be written as

T
1 -P(x)

Al

D=
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T'able A.l Parameters of long-term distributions of individual wave heights (ref. 10).

From distribution of Visual From distribution of significant
wave height H, - 0.5 H '~ wave height H_ =H,

7 c v c D

% 1-189 oo -707 2.000
739 1-036 10-00 628 1(7)(3)8
6-00 1-029 8-0) 612 1:712
4-30 0-992 6-00 <390 1-614
3-00 0-930 4-00 -533 1-444
2=50 0.901 3-33 336 1-354
2-14 0-%76 2-86 521 1-27
1-87 0-853 3450 508 1-208
1-67 0-837 2-22 - 497 - 144
1-30 0-820 2:00 - 488 1-086
1-36 0-807 1-82 480 1.034
1:25 0-794 1-67 =472 0-988
1-15 0-783 1-54 -465 0-944
1-07 0-772 1-43 459 0-904
1-00 0-762 [-33 -453 0-878
0-94 0-754 -2 -448 0-834
0-88 0-746 1-18 144 0-802
0-83 0-739 1-11 439 0-774
0-79 0-732 1-05 435 0-746
0-75 0-726 1-00 432 0-722
0-30 0-689 0-67 410 0-538
0-37 0666 0-50 396 0-428
0-30 0-656 0-40 -390 0-3:6

A.2 Presentation of analysed data

Presentation of the data should be of such a nature which is simple in format and yet it contains
a large amount of information of value to the users- The most common methods of presentacion of the wave
data are discussed below-

[t is found in piactice that the wave height is best prescnied as percentage exceedance. rather
than percentage occurrence for a unit wave-height interval- The exccedance graphs present the information
in a form which allows the user to deduce at a glance the percen:age of time in which the wave conditions
would exceed any pariicular height-

Scaitcr diagrams give information aboui the joint distribution of the wave height and period
which are of twcn important- The inclusion of lines of cons:ant wave steepness helps to give an indication
of severity of the conditions and contouring gives a quick indication of the frequency of occurrencs
of specific conditions. [Information on the width of the spectrum is sometimes valuable and can best be
presented as a percentage occurrence over the period: For constructional and operational purposes it s
often important to know how long a given condition will last. The cumulative persistence diagram is very usetul
for this purpose. From this it is possible to decide at a glance how often and for how long wave condi-
tions of certain specific heights and greater than these are likely to persist in one year (or season)- Thisis
of importance in planning the port-operation constructions and maintenance programmes. The persistence
diagram is prepared by plotting a graph of the significant wave height throughout the year- For each height
level. the duration of every occasion when conditions are at or above that level is listed. and the informa-
tion is again presented as an exceedance:

Life time wave or the most severe wave condition which might occur during the life of a structure
or over a long period of time say 25. 50 or |00 yearsis ofien required- By experiencc iv is found that at
least 10 years data are required for this type of prediction by which one would have taken into account
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the annual and ceasonal variations also- Extreme value analysis. taking annual extremes. will be probably
a better method since the -ciurn period in this case has a relevance to actual time intervals between geo-
physical events such as s: .r2 storms which give rise to very large were heights and forces.

A.3 Wave spectra

Sea surface elevation x at a given point is a function of time and can be treated as the sum of an
infinite number of sinusoidal waves. each with an angular frequency wi = 2 7/Ti and a phase angle i, i e-.

N
x(t) = _Zl a; cos (wit +%;) wse 5 Al3

x() is a starionary random function with constant statistical parameters and it can be shown that
the probability density of x(¢) is a normal (Gaussian) distribution

(x)-—l— ex (- x’)
p v 2m, P 2, . - Ald

- Consideration of the distribution of the maxima of the random function x (¢) or the wave heights
leads to a Rayleigh distribution when €=0

H 3
P(H) = l-exp[— (ﬁ)] - .. A.l5

where \/—E' = Hg | /8
Energy of each component of wave is
ei = } pga, o, .. A.16
which varies with angular frequency ‘w’ depending upon the characteristics of the wave motion.

The energy density S(w) of thes pectrum is the energy contained in the frequency band (w, w +dw)-
w~dw
S(w)dw =1} Za? 5 i A.17
w

The total energy contained in the whole spectrum is

my =cf”5 (w) dw . A.18

mq is the zero order moment of the wave spectrum or the area of the wave spectrum diagram and also the
mean square deviation of the water surface x(z)-
The nth order spectral moment is defined as

mff“’" S(w)dw . ¥ A9

From the statistical theory based on the works of Cartwright and Longuet-Higgins (ref- 4) the wave para-
meters can be determined from the wave spectra by the following equations

Hi=d4 'm, - gt A 20
T,=27 /mgimg .. e A-21
Te=2mymy/m, a5 .. A.22
€= J1—(mijmomy) ” . A.23
n=2 . A-24

Ty Jmg

where S; is the wave steepness obtained from the wave parameters H, and T,

;B TN - m aE ==
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Fig. A4 Wave energy density spectrum (ref. 6).

Fig- A.4 shows a typical diagram of the characteristics of the wave energy density spectrum.

The shape ofthe wave spectrum isan important partas estimates of many wave parameters can be
derived directly from the moments of the spectrum as explained above.

Various shapes based on empirical data have been proposed. e.g., Picrson and Moskowitz (ref.11)
and Hasselman er a/- (ref. 7). These spectral shapes were the results of fits between analytical exp.ession
and cmpirical spectra assuming similarity theory by Kitaigorodskii (ref-8) to be valid.

Using Hg and T. as parameters. the P-M spectrum is given by
' 2# 4 -
S(w)sH (—) -5cxp[(—)— J s A.25
Z
The period of the spectral peak, T, and T, are related in the following way

Tp =(57/4)iT, = 1.408 T, .. . A.26

The other spectrum mentioned above is the result of Joint North Sea Wave Projecc (JONSWAP).
The shape ot this spectrum is given by

) -(f-/p)3
S(f)=283(2m)*exp {-; (f/fp)—l} T CXPT;—_’}%’ A.27
o {’a‘=0-07forf<jp

% =0.09 for f > fp
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with the help of five parameters 2, fp. 15 % and %. fp is the peak frequency and a is the Phillips constant-

2, T, s and % relate to the shape of the spectrum. % and % give the width of the left and rightside ot the
spectrum respectively where as 1 is the ratio of the maximum JONSWAP spectrum cnergy to that of the
corresponding P-M spectrum.

Methods for calculations of the spcctra bascd on wave dara are described in text books.  There are two
approaches to the problem: Onc is the Fouricr Transform of the auto—correlation funstion of the digitized

data and the other is by Fast Fouricr Transtorm of the digitized data-  The auto-corrclation estimates in the
latter case can be obtained by the inverse Fourier Transtorm of ihe spectral cstimates: This  procedure

reduces the computer time and cost
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Appendix B
Design of Sloping Rock Structures,

Uprush Elevation and Rock Size

P. BruUN
The Norwegian Institute of Technology. Trondheim, Norway

B.1 Determination of uprush elevation

The vertical height above the still water level to which water from an incident wave will rush up the
face ofthe structure determines the required crest elevation of the structure, if wave overtopping can not be
permitted.

The elevation of uprush on a shore structure depends upon the bottom and beach geometry. struc-
tural geometry and characteristics like slopes, friction and permeability and finally wave characteristics: A
considerable literature on the subject exists- Specific information is found in refs- [, 2. 3, 7. 8. 12 and 16-

Uprun or uprush computation will determine the amount of wave overtopping over the crest of
the structure. In this respect one usually distinguishes between overrun by ‘green water' (solid-not split
water) oversplash. that means separated water particles and spray which is water disintegrated to small parti-
cles down to dust size: The allowable amount of overiopping water depends upon the function of rthe
structure. If it is a harbour breakwater, a considerable amount of overiopping may be accepted unul it
becomes so heavy that it generates considerable wave action inside the harbour and becomes a nuisance
to navigation. berthing and mooring.

For coastal protective structures, design criteria are different. Depending upon the character of the
land development behind the structure, pariicularly the clevation of the backland. one may expect some
overtopping during major storms but not causing any serious flooding or damage to existing facilities and
property.- This will be ihe case with a major part of all coastal protective seawalls and revetments.
The criteria may therefore. be set as ‘non-excessive overtopping occurring only a few times a year or
‘heavier overtopping only accepted once in X years’ where X could be any value between 2 and 10 years-

I[f the area behind the seawall (backland) is lower than the crest of the seawall, continued overwash
over a few hours may cause severe flooding of the backland- In such a case. only little and very
infrequent overtopping should be tolerated. This is the situation at many places on the [ndian coasts
where ceawalls without backfills were erected at places where all dunes had been washed away.

Determination of the frequency and magnitude of overtopping requires detailed knowledge
about the wave action which occurs at the site in quesiion. A statistics of wave action may e deter-
mined as mentioned in Section 2.3.- The wave action which attacks the structure depends upon the location
of the structure on the beach or bottom profile. that is, the depthatthetoe of the structure during storm
situations (ret-6). Next, wave uprush and the stability of the structure depends upon the wave and structural
characteristics- [nformation on the results cf tests on wave uprush may be found in numerous publi-
cations including refs- 2, 3, 11, 12, 13, 14, 15 and 16-

Wave uprush R on a structure depends upon the depth at the toe and the following dimensionless
parameters
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Deep water wave height

Ho','g.rg= - - -
Acceleration due to gravity x Wave period squared
Depth at toe of structure
diL =
Wave length
Depth at toe of structure
d/Hy = :

Deep water wave height
H, is the unrefracted deep water wave height.

Figs- B:1 to B-8 (ref-15) give the relative runup R/H;’ as a function of structural slope. and
dcep water wavc siccpness parameter Ho'/T3. The results given in Figs. B-l1 to B8, based on small
scale model icsis. arc required to be corrected for scale effects due to the inability to scale roughness
effects in model tests: Runup values from Figs- B.l1. to B-8 can be adjusted for scale effects by using
Figs- B9 and B-10-

For a stepped | in 1.5 slope. Fig- B.ll gives value of relative runup for various raiios of
d, Ho and Ho' gT® where d, is depth at the toe of the structure. The structure. in all cascs. is fronted
by a | in 10 slope- The same is true for a rip-rap covered slope for which Fig- B-12 gives the dara
for slope 1 in 1.5 and for different d,/Ho" and Ho'/gT*® ratios.

A scientifically better justified approach is the use of the ¢= tan a/ JH/L, facior which is
thoroughly explained in iefs- 3, 7, 8and 1. Reference 11 gives the International standards for compu-
tation of wave runups and determination of stability of rubble mound structures- Figs- B-13 and
B.14 are examples of how this may be done referring to aslope of I in 1.5 of smooith and rough

~ Depth at toe of structure
Wave height at toc of structure
Run-up (R,) and Rundown (R,) are given in dimensionless form- Daia were derived from model test
results. and therefore. some scale effects are bound to ozcur.

quarry stone (e-.g- laterite) breakwaters and d/H= ratios of 2.6 to 3.3

In nature. waves are not regular but occur in certain ‘spectra’- The older the waves. the
more regular they become gradually transforming to swells: The steepness of the waves is very impor-
tant for uprush and stability (refs- 5, 8 and 9)- As explained in ref- 16. one may then assume that
the distribution of the runup of an irregular wave train can be calculated by assigning to ecah
individual wave the runup value of a periodic wave train of corresponding height and period. Further
information on the runup is then obtained assuming that the individual wave runup eleva.ions follow
a so-called Rayleigh disiribution- The runup distribution is given by

R,/R, =0-707 (In 1/p)?}

where R, is the runup for the significant wave height and R, is the runup asso:ia‘ed with a parti-
cular probability of exceedance p- For example, let us assume that there is a need to know the
one per cent runup. i-e.. the elevation exceeded by one per cent of all the runups: One then has.
Fig- B-15 showing the relative runup R, /R, or relative wave heighi H,/H, as a function of the probabi-
lity of exceedance p-

This 1s for smooth slopes- If the structure is not smooth but consists of rock revetment. e.g-.
_R, rough
R, smooth
as mentioned abovc (see Table B-1)- [t may be seen that r=0.75 to 0.80 for quarry stones. 0-60 Lo
0-65 for round siones and 0-50 to 060 for pell-mell rocks (just dumped at random and not
compacted on the slope)- For conditions in India. it would be safe to assume r=0.8 for set stones
as laterite and r=0-6 for pell-mell (rip-rap) rock revetments.

quarry stones as in most Indian revetments, a reduction factor to runup r =

may be applied
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Table B.1 Values ot r tor various slope charasteristics (ref. 16)-
Slope characteristics ol
Smooth. less impermeable 1.0
Concrete blocks without offsets 0-90
Basalt blocks 0-85 to 0.90
Grass 0-85 to 0.90
One laver of rubble (impermeable toundation ) 0-80
Set stones 0-75 to 0.80
Round stones 0-60 to 0-65
Rubble 0-50 to 0.60
Broken rubble 0-50 to 0.55
Two or more layers of rubble 0-50
Tetrapods 0-50
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B.2 Determination of rock size for a coastal protection structure

Reference 4 gives a review On common rcasons for damage or breakdown of rubble mound
This sccticn explains how armour rock size should be determined to ensure stabilicy: Due
d by mutually contradictory emnirical design formulae resulting in inade-
quate designs. someumes unnecessarily overdesigned and some:imes underdesigned. the Permanent
International Association of Navigation Congresses (PIANC) took the matter up by its "Waves Commuttee™
and this resulicd in a report on more rational design procedures (ref- [1). Briefly the report

recommends that the design be based on ¢=tana/ JH/L, parameter.

breakwaters-
to the great confusion causc
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RELATIVE  wareER

RELATIVE ARMOR SPECIFIC SYMBOL MODEL
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Fig. B.13 Wave runup/rundown on a smooth quarry stoae slope (ref. 3).

Most of the existing design formulae are written as

4. H?
3
Kp(l:'-l ) cot 2

w

W=

W = weight of rock material to be used as armour

~. = unit
4. = unit
H =
5 ] =
Kp =

weight of rock material
weight of sea water

wave height in front of the structure
slope angle
an empirical factor which, as proven by numerous experiments, does not only depend upon

structural parameters but on wave and bottom geometry parameters as well,

Many publications give tables with Kp values.

As they are not reliable and not physically

well argued. these values should be used with great care. As expressed by the above mentioned

Committece of the PTANC in its report (ref- 11). the Commission considers the present

stability

formulae for rubble mound structures to have significant limitations It is only for a preliminary

assessment of the dimensions of quarry stone armour units that the formulae might be applied.

Some will. undoubtedly, claim that these principles may present an over-sophistication- Progress
in engineering was however always achieved by sophistication which usually proved to be worthwhile
replacing the rule of thumb by field experience and physical facts thereby obtaining better safety
and economy- Handbook formulae ofien present a danger to good engineering practice-
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The design procedure recommended by the International Committee may be understood us
follows with reference to Fig- B.16 and defining the so called zero -damage stabiliy number Nzo referring
to the highest wave Hyp in front of the siructure which produces no damage to the structure.

Hzp

(5) (o) o

where Wy, is the median armour rock wcight at which fifiy per cent of the toial weight of armour grada-
tion is contributed by rock of lesser weight- Sy is the specific weight of the armour. Fig- B.16 is a

typical design feature having Njp as ordinate and § = tan, | HJ/L, as abscissa- Fig- B.16 refers to

d . _
T = 3.0 Results are indicated for four differcnt slopes- It may be seen that generally N,p is lowest for & <3.
ZD

1} -
Nzp =

The design proccdure recommended by the PIANC Commiiice (ref. 11) is as follows:

l- Selecta design based on preliminary technical and economic evaluations which include the
availability of materials and possibilities of handling and construction.

2. Examine a number of actual wavc spectra from the chosen site (based on short term as well as long
term statistics and on analysis of exceptional phenomena)-

3. Consider the effects of the offshore wave parameter on runup and overtopping-

4. Perform a preliminary determination of block size based on the results of the former analysis
using one of the existing design formulae (preferably one that includes wave period or length) and the
considerations regarding wave steepness and actual values.

5. Conduct a hydraulic model experiment to check and finalize the design.

RELATIVE  ARMOR SPECIFIC RELATIVE WATER
OEPTH WEIGHT WEIGHT SymeoL MODEL DEPTH
SCALE
2.88<D/H Wr.8:161:5b Yrzi685b/ft° @ 7.8 (15)
3.30<0D/H W1.0:0-38lp ——u=— A& 1-0: 1 (2')
2.60<D/H Wo-8:0:048lb — X 0-5:1 (1)
‘Ru R4
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Fig. B.l4 Wave runup/run-down on rough quarry stone slope (ref. 3).
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The experiments should preferably be carried out with irregular waves. However. they may
be done with regular waves considering the combinations of T, Hand 2, which are parucularly dangerous
to stability (including stability of the pier-head and stability of the parts of the breakwaicr where
the direction or ithe cross-section of the structure changes): These experiments should also cxaminc.
in detail. the economic distribution of armour blocks of various weights along the slopes- Unless the
wave pattern is truly two-dimensional, the Committee recommends that three-dimensional s:ability
tests must be done at a suitable modei scale using design waves for the various wave directions and
should be weighted in accordance with the frequency of occurrence to obiain the average effect of all
directions- Final design should be based on probability of occurrence and the durauon of the storms
which include particularly dangerous values. but causing damages within the permissible limits.

6. Although the Committee realizes that soil mechanics may play an important role in the whole
design procedure, the recommendations given have been limited to hydraulic conditionsonly-

As regards the thickness of mraterial layers for the elements placed at random. this must be
determined by model experimenss but it may be assumed that each layer thickness must be composed

07

0.7

N

0.5 1.0 2.0 3.0 5.0 10 20 30 50

PROBABILITY OF EXCEEDANCE, p ( Pct)
Fig. B.I5 Relative runup Rp/R, orrelative wave height Hp/H, as a function,
of the probability of e¢xceedance P.
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Fig. B.16  Slope dependence of zero-damage stability number (refl. 3).
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of a minimum of 2 pieces of artificial or natural heavy blocks of rockfill and a minimum of 3 or 4 pieces
for smaller size blocks-

Recent model tests have shown that the stability of armour blocks is dependent on .he pa:king
density. the number of blocks per unit area and the armour layer thickness. as increase in packing densi.y
or armour layer thickness was found to increase the armour stability (stability factor) significantly.

The runup height R along the armour layer is an important factor in fixing the upper level of the
structure- As stated earlier. the 3 value is also the main parameter establishing the runup height R.
Sometimes overtopping may be allowed. in that case the dimensions of the harbour side armour units
can only be assessed by small scale experiments. in which the simulation of irregular waves is essential.

The run-down. which also depends on the 3 value. influences the extent to which the heavy armour laver
should te placed on the seaside slope below the still warer level-

Structural aspects of the stability of concreie blocks should of course be looked into carefully
to avoid disasters by breakage of blocks in the mound (ref- [1).

Appendix E gives information on the rocks available along the coasts of [ndia- While designing
coastal protective structures. it is neccssary to find out the maximum size of rocks that are available ar
a given site and where they can be placed in structure depending upon the lozation of the siructure. design
wave, beach geometry and ocher environmenial parameters.

As the situation in practically all cases in India is that the coastal proieciive scawalls will be placed
right on the beach or in very shallow water. it is usually safe to use a maximum wave height equal
to the depth at the toe of the structure with reference to storm tide elevation as the design wave height
for the structure- As the wave period is known, it will then be possible to calculate

I tanz) 1.25 T
¢=tanal/ JHJL,= (_:xH—

Considering a breakwater and assuming tan 2 =1:2. H= 2 m. dJd=depth=6m. T=10 sec.
0-5%1:25%x 10
1-4

size will then be about 500 kilograms assuming a specific gravity of 2.65.
It may te obcerved that N, canbe reduced to < 2 by lowering the wave period- The consequence
of this could be an increase in the rock size to be determined from the formulae B-1 or B.2.

one arrivesat 3o = = 4.5 and the corresponding N, value from Fig. B.16 is about 2. Ro:k

Table B-2 gives typical data for slopes of 1:2. |:3 and | :4 with wave hcights of [. 1.5. 2and
2:5 metres and wave periods from 6 to [0sec. The specific gravity of rock is taken as 2.65. This corresponds

TableB. 2 Approximate rock sizes in kilograms for various wave heights,
slopes and wave periods T=6 to 10 seconds (specific gravity 2-65).
Forl <cd/Hc<2

Slope 1:2 1:3 1:4
Wave height
m
1-0 100 70 50
1-5 100 200 150
2:0 700 500 300
pAS 1500 1000 700
For d/H > 3
1-0 S0 40 30
1:5 200 120 70
2:0 500 300 200
2:5 900 500 300

Note : For 2 d[H < 3, suitable values can be obtained by careful interpolation.
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to granite and laterite which are the most common material available for the construction of seawalls
and revetments in India [If maierial of a differcnt specific gravily is used correction must be applied using

a factor ot'(

2:65-1

= ) for increasing (or decreasing) W-
S actual

For the design of structures in deeper waters. morc sophistication in calculation procedure should

be used. Design is then based on risk analysis as cxplaincd in great detail in ref. 3.
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Appendix C
Sampling Procedures and
Sediment Analysis
A K s
National [nstitute ot Oceanography. Dona Paula (,ua

C.1 Beach sampling

Generally grain size disiribuiion of the teach cediment varies trom point to point-  Thus sutficient
numter of teech ramrlesskou'd te collected in such a way ihat composite grain size distribution is obtained
which reflects the represeniaiion of each variation in grain size distribution: Though fixed rules tor beach sampling
can never be made. a general guideline can. however, be established.

Beach samples should be collected (a) along the profile at regular elevation difference below and
above the plunger zone (Fig- C-1). (b) along the shoreline at regular distance intervals at each elevation
(Fig- C-2) and (c¢) during the pre-monsoon and post-monsoon periods- Although. in general. core samples
are not presently being collected trom the beach. such samples would be more representative 1t they are
collected upto a certain depth instead of surface samples (ref. 1)

[n order to satisty the above general guidelines. the number of samples to be collected should.
otten. be very high- Depending on the topographic regularity of the beach. the degree of accuruacy desired
for estimating the renourishment factor. the time available for sampling etc-. the number of samples o be
collected can be decreased or increased.

C.2 Borrow site sampling

Generally sediments for beach nourishment are obtained from land. lagoon or trom estuarine
sources- For the unknown geometry of the deposits of these areas. random or regular core sampling on 4
grid would be very appropriate: Here, the point to be kept in mind is that the composite characteristics
ot the borrow site material should be as representative as the beach composite: Also. a potential region
ot borrow site should be known in terms of depth upto which material can be excavated or dredged econo-
mically and the amount of sediment available from a site-

To determine the composite properties of a representative set ot beach or borrow site samples. a simple
and effective method would be to total the percentage of sediment in each size interval for all the samples and
then divide by the number of samples. This method would be appropriate for the samples collected according
to some regular pattern and hence the time required for the analysis would be slightly greater. )

An alternative method would be to mix parts of the actual samples and then do a single size
analysis of the mixture. Mathematically. this method and the method described in the earlier paragraph should
give an identical result: But in actual practice it is not so- The major benefiL of mixing samples is the
reduction of laboratory time and cost of analysis: However, care should be taken in the laboratory to
obtain random splits of appropriate size from the samples- These splits must be mixed completely to elimi-
nate bias in obtaining the final sample of the mixture: Where samples are collected to represent equal
parts of the beach or borrow site. sample splits of equal weights are mixed. Splits of unequal size would
be appropriate when sampling plan requires a weight factor. [tis probably best to combine samples or

97
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Fig. C.] Sampling scheme along a beach profile.

to analyse them by elevation groups in order to have the data in a form useful to evaluate a beach or to

design a beach fill project-

C.3 Sediment analysis

To obtain the size ranges and weight percentages, grain size analysis is carriegi out either ‘by
settling technique or by sieve analysis- In setiling techniques. a small amount of sample is allowed to fall
through a wacer column of known length and the change in WCIEhF with rgspc:t totimeat a par;ncu[ar depth
is noted- This change in weight and time is then converted into weight per cent and grain size data,

using fall velocity equations-

COASTAL ZONE

|
BEACH g

» = o ) —
) < ol 8 e
PLUNGER LINE
N
OCEAN

Fig. C.2 Sampling scheme along a shoreline.

While the settling technique is good
for silty and clayey sediments it has some
inherent deficiencies for beach sediments-
The fall velocity equation does not take
into account the effects of varied particle
shapes. densities and interaction between the
particles themselves and the bourdary of
the cylinder- Though the settling technique
is more analogous to real environmental
conditions. sieve analysis is generally prefer-
red owing to its simplicity and reliability-

For sieve analysis. a dried sample
of known weight is mechanically shaken
through a set of sieves placed one over
the other (from finer to coarser)- The
weight of the sample retained on each sieve
is determined which is then converied into
percentage weight:  For sieve analysis.
sieves are generally graded in equal phi

numbers with a preferred interval of }¢ (Table C-1)- The shaking time for the sieves is of the order of

20 minutes-
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Table C+I Grain size scales and soil classification systems.

Wentworth scale Phi units Grain diameter I. S.. soil classification
(size description) é D (mm) (size description)

Boulder

-8 256.00 Boulder

-6 64.00
60.00

Pebble 20.00

Cobble

Coarse

Medium
6+00 _
5.60
4.75 Gravel
~2 4.00 Fine
3435
Granule 2:80
2436
-1 2.00
‘ 1+70
Very coarse 1.40
1.18
0 1.00 Coarse
0-850
Coarse 0.710
0600
1 0500
0425
Medium 0+355 Medium | Sand
Sand 0.300
_ 2 0.250
0212
Fine 0200
0180
0.150
3 04125
0.106 Fine
Very fine 0-050
0.075
4 0-0625
0.060 -—
Silt 0.053
0.045
8 0.00391
Clay Silt and clay
12 000024
Colloid

Afier getiing the size and weight per cent data, the weight percentage for each size 4in values is
plotted. This grain size distributionis symm=trical and bell shaped with a maximum frequency ozcurring at
¢=p and ihe inflexion points at %o~ where 1 isphi mean and o is phi sorting equivalent to standard
deviation (ref- 1). Each combination of & and o values defines one normal curve from a large family
of possible normal curves: The curves in this family are similar because all are symmetrical and the areas
under each are the samc for specific distances measured in o— units from the mean. Thus o— can be used to
measure both the spread of phi sizes under the distribution curve and the areas under the distribution
curve- For example. 68 per ceni of the area under a normal curve would lie between +o— from the mean

or betwcen 84 per cent and 16 per ccni ofthe cumulative plot (ref- | and 2)- The estimate of phi sorting, S
then would be
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where o, and "y are the sediment sizes in phi units that are finer than 84 per cent and 16 per cent by

werght ol the sample respectively-

It s 4 common practice to select an estimate of the mean. M that s statsvcally more  etficient
specially  where the gruin size  distribution is not completely symmetrical. [t an acwial distnibution s
completels symmetrical. the mean would be located at the 30 per cent © size (©5.) 0r be equalto the median
sl ze

b+ b,

Ma T A8 . . c.2
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Fig, C.3 Cumulative size plot (ref. 1).
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For a symmetrical distribution. equation C-2 will give the median size but for an asymumetrical
distribucon. M will be the most reliable estima'e of the » mean- Thus Sand M are perhaps the best et -

maies o the ~tandard deviation. = and - mean. 1t for des:ribing a unimodal sediment grain size distribution
\ comnen methed w ocaleulate S and M s shown in Fige C-3- [n this figure. size dara have been plotie |
as cumulasve distrtbution onlog probability paper in such @ way that - and percentage coordinates of .
pente en e cuive ondicais the percentage of coarser than a given & size: The wizes assocated with ¥4 pet

sent and 16 per cent tiner by weight are interpreted directly to calculate S and Mo(rett | and )
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o Appendix D
Stability of Earth Slopes and

Retaining Structures

A. K. JaiN
National Institute of Oceanography, Dona Paula, Goa.

D.1 Stability of earth slopes

The failure of a mass of soil in a downward and outward movement of a slope is called a slide
or slope failure- Slides may occur gradually or suddenly- They are usually caused by excavation, by
undercutting the foot of an existing slope. by a gradual disintegration of the structure of the soil, by an
increase of the pore water pressure in a few exceptionally permeable layers, or by a shock that liquifies the
soil- Several factors which affect the stability of slopes include failure planc geometry, non-homogeneity
of soil layers, tension cracks, dynamic loading and seepage flow-

D.2 Failure mechanism

D.2.1 Failure of earth slopes : The slopes of the carth structures fail gencrally by sliding of :
portion of structure from the rest of the structure as shown in Figs: D.1, D-2 and D.3 (seealso Figs.3.7
3.8 and 3.9)- At failure, the shear resistance and intergranular frictional resistance along the sliding surfacé
are not sufficient to retain the sliding portion.

Successive multiple slip failures or crcep movements can also take place in earth slopes of cohesive
as well as cohesionless soils (ref-8).  During creep, the shear strength of the soil decreases progressively.
This creep on the slopes may be continuous or seasonal- Seasonal creep is generally due to changes in the
temperature and water content of the soil- While the seasonal creep occurs gradually in clayey and silty
soils, continuous creep which is caused by gravitational forces occurs below the surface zone. It generally
occurs in shales, argillaceous schists etc.

D.2.2 Failure of retaining structures : In retaining structures, the wall may fail by either overturning
or by sliding: The retaining wall with its foundation may slide (Fig- D-4) along the basc due to inadequate
shear resistance available (ref- 4)- For sliding, many other potential slip surfaces are also possible (Figs- D.5
and D-6)- If the surrounding soil consists of medium to soft clay, a circular slip surface may develop as
shown in Fig- D-5. The most dangerous slip circle is usually the one that penetrates deepest into the soft
material- If the soil consists of over consolidated stiff clay, failure may occur along a surface that is nearly
horizontal or approximately parallel to the ground surface as in Fig- D-6.

D-2.3 Failure of anchored sheet piles: Fig- D-7 shows various possible failure mechanisms of an
anchored sheet pile. The sheet pile may fail due to breaking of the tie or the anchorage system or failure
may take place due to outward movement of the toe of the pile because of inadequate passive resistance at the
toe. It may also be possible that the sheet pile may fail in buckling or due to sliding on the larger slip
surface as formed in natural slopes- Excessive settlement ofthe filling, behind ihe sheet pils, may also cause
the failure.
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ZLOGARITHMIC SPIRAL FAILURE
PLANE

Fig. D.1 Failure mechanism for an embankment slope.
D.3 Method for slope stability analysis

There are quite a few methods currently available for performing slope stability analysis. The use
of circular arc and logarithmic spiral failure planes for the stability analysis (ref” 2 and 6) can generally be
made for coastal sorls. - Though the circular are analysis is more critical than the logarithmic spiral. it is
gencrally observed that the shape of the failure plane is not very sensitive in the analysis of the stability

LOGARITHMIC S—

SPIRAL FAILURE PLANE

Fig. D.2 Failure mechanism for a stepped seawall slope.
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Fig. D.3 Failure mechanism for revetment slope.

problems. The advantage of assuming the logarithmic spiral angle equal to the value of friction angle
of the soil is, all intergranular forces acting on the spiral slip surface are directed towards the centre of the

spiral.

D.3.1 Factor of safety : The use of a factor of safety by engineersis to indicate whether or not a

foundation soil or earthwork will fail under the worst service conditions for which it was designed.

For

determining the factor of safety for a slope Taylor (ref. 7) suggested the critical height as a parameter.

HIGHEST TIDE LEVEL ly
fo
HIGH TIDE LEVEL
é
w ’.b\Oo%
a
lp A <
LOW TIDE LEVEL 7 P \
S —
A CENTRE OF ROTATION B
8, *

Fig. D.4 Force acting on a gravity seawall.
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This may be expressed as

where Fy
Hc
H

Fy = Hc/H

factor of safety with respect to height
critical height or maximum height at which it is possible for the slope to be stable
actual height

Fig. D5 Circular slip surface for a seawall (ref. 8).
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Fig. D.6 Non-circular slip surface for a seawall (ref. 8)

........

Fig. D.7 Some failure mechanisms for piled retaining walls (ref. 8),
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D.3.2 Logarithmic spiral method : This method uses the concept of yield criicrion and o
associated flow rule which is governed by the stress strain relationship (ref- 1)- The underlying principlz of the
method is that the soil mass will collapse if there is any compatible pattern of plastic deformation tor which the
rate of work due to external loads exceeds the rate of internal energy dissipation.

The assumed failure mechanism is shown in Fig- D-1. The region ABC'CA rotates as a rigid
body about the centre of rotation O with the materials below the logarithmic spiral surface BC' remaining
at rest. Thus the surface C'B is surface of velocily discontinuity. The machanism can be specified by threc
variables 4,. 9n and H where A and An are the angles between the horizontal and the chords OB and OC’
respectively and H is the height of the embankment. From the geometrical relationship ic may be shown
that the ratios Hr, and L'r_ can be expressed in terms ot the angles f, and #n- The rate of internal und
external work done by the region can be computed from these values.

The internal dissipation of energy occurs along the surface of discontinuity BC'. The differential
rate of dissipation of energy along this surfacc can be obtained by muliiplying ihe differential area
rd5: cos of this surface by the cohesion ¢ and the tangential discontinuity in velocity V cos ¢ across the
surface. The total in.ernal dissipation of energy is found by integration over thc whole surtace.
Further manipulations in mathematical derivatives will result in expression for critical height. H_ as

H. < ¢ N/ 7 ‘s o, D2
or N, = Y. H/c ais .. D3

where YHc/c is dimensionless term called the stabiliiy factor N,. Fig- D-8 shows variation of N, with the
slope angle 3 and the angle of internal friction ¢ with 2 varying from O to ¢ (ref. 8). where 2 is the slope
of the surcharge soil.

The values of ¢ and ¢ can be known from laboratory tests conducted for thc soil- The bouldcrs
lying on the slope and at the toe are presumed to offer no frictional resistance: The angle & can be
calculated from the slopc ot the bank:. Then the corrcsponding value of N can be obtained from
Fig- D-8- From this N, value. critical height of the slope can be determined by using the formula
H.=cN, 7. For saturated soils, ¥ should be the saturaied unit weight of the fill soll. For situarions
involving surcharge loads N, values are to be read from Fig.- D-8 taking surcharge slope into consideration

Fig- D-2 shows another shape of the embankment- [n this model. due to preterred line of
failure (mattress on the beach sand) there is a high probability that logarithmic spiral (tailure line) may
pass through the toe- Fig- D9 presents a comparison of stability factor values for failure planes passing
through and below the surface of the structure: A small difference can be noticed when slope angle 2
and friction angle ¢ are small for the above two cases.

D.4 Retaining structures

Most retaining structures—graviiy wall. cantilever wall, counterfort wall etc- are free at the top to
move: [t the walls have foundation footings resting on soil, the walls usually tilt as the top moves
away from the backfill. Movements of a wall designed with conventional safety fac.ors are usually
adequate to satisfy the deformation condition for an active pressure.  Saturation of soil has significant
effect on the wall. Adequate drainage installations should. therefore. be provided for the iype of wall
shown in Fig- D-.4. passive earth pressure acts on the front of the wall and aciive earth pressure on the
backside- For the stability analysis. the earth pressure may be computed by Rankinc's theory (ref. [). [n
general. the backfill is cohesionless soil. thus. the active and passive earth pressure can be written as

P,

Yz (l=sin ) / (1 +sin ¢) .. - D.4
P,

vz (L4sin ) /(1 =sin ) " o3 D
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where

Pa active earth pressure

Py passive earth pressure

saturated unit weight of soil

angle of internal friction

= vertical depth from the top of rthe backfill.

Y
G
4

D.4.1 Stability of retaining structures : Due to earth pressure. the retaining structure may be
unstable from two points of view. (i) the structure may be subjected to a large unbalanced moment and
fail by overturning or (/i) the shear failure along the slip surface may occur in the soil mass that
surrounds the wall and may result in sliding.

In Fig- D-4 for overturning case. the failure may occur with retaining structure rotating about the
point O- Summation of moments about O will give

¢

Paely=Ppelp +Wel, i - D:6
A safety factor F, should be provided so that
Poly=(Pp.lp+W.1,)/F, . - D.7

where F, is taken as [.5.
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P, = tortal active earth pressure
Py = total passive earth pressure
W = weight of the retaining wall
l,.1,.1, = normal distances of P,, Pp and W respectively from the axis of rotation O-

The sliding occurs when the shear stress along the line passing through the mattress becomes equal
to the shear strength- One possible slip surface may be AOBC as in Fig- D-4. The safety with' respect
to this slip surface may be calculated by summation of forces in the horizontal direction- Considering
the wall as a free body. it can be shown that

Ppecos 3, +S=P,+cos 3, “ 5% D.3

where S is shearing resistance between the soil and the base of the wall and 3, and 5, are the angles
of active and passive earth pressures: To provide safety factor F, it can be written as

Ppecos 3;+S = F, ( P,ecos 3,) o - D.9

or P =(Pp.cos 55 +S)/(Pacos 3, ) ate .. D.10

For cohesionless soils the above equation generally indicates the critical condition and therefore. can be

applied to coastal structures- For more detailed information Chapters 10, 1. 12 and 13 of Foundation

Engineering Handbook (1975) edited by H. F. Winterkorn and H. Y. Fang and published by Van Nost-
rand Reinhold Company. New York (ref. 8). may be referred to-
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Appendix E

Rocks for Coastal Protection

B- G- WaGLE aNp K. H. Vora
National Institute of Oceanography. Dona Paula. Goa

E-1 Introduction

Protcction to shorcline may be rcquircd for beach siabilization. for backshore proiection from waves
and storm surges. for inlce siabilization and for pro.czuon of the ha-bour. D:pcnding upon a paru-
cular rcquiremcni. a suiiable stiucturc is constructed from lozally available material wherever possible
It is not always possible i0 mect all the specifications required for ihe cons.ruction material while
designing a coas al siructure- The building material lozally available plays a significant role in bringing
down the to:al cost of a srtructure- Thc quali.ative requirements of rocks for coastal protection
arec onlv a few but they are rcquired in large quantities: Therefore. it is essential that they are
naturally occurring oulcropping in the vicinity of the structure proposed to be constructed.

E-2 Essential properties of rocks for coastal protection

The strength properties of rocks vary significantly within the sam2 rock-iype and even within
the same forma:iion and therefore. it is only in a general way that the properties can be discussed:
Durability. hardness. compactness, porosity are critical in determining the suitabiliiy of a rock tor
construction at sea (ref. 13).

The requirements for coastal protection demand that the rock must have sufficient strength to
withsiand hostile forces of the sea. The rock should also have a high resistance against chemical
corrosion as the sea water corrodes almost everyching with which it is in constant interastion- Soma
important properties of rocks with examples of common rozk types along the [ndian coasts are
discussed below-

E.2.1 Durability : Rocks are aggregates of minerals and therefore. the naiure of constituents
and manner in which they are held together determine the capaciiy of particular rock to withstand
disintegration and decomposition due to heat, pressure. etc.. Of spesial importance is the chemical aciion
of sea water and that too on sedimentary rocks. )

Granites and basalts are generally preferred because of their fine grains and absence of
joints. Sedimentary rocks, i-e, sandstone, shale or limestone are products of secondary dynamic
conditions, and therefore, they yield easily to powerful forces. Phyllites and schists may be durable.
however, their cleavages may sometimes make them unfavourable.

E.2.2 Hardness : Hardness of rock is dependent on many factors such as constituent minerals.
mode of origin and nature of cementing material in sedimentary rocks. Igneous rocks are comparatively
harder than the sedimentary rocks while granites. dolerites and basalts are harder among the igneous rocks
and quartzite is harder due to dominance of quartz- In the case of meiamorphic rocks, hardness depends
on the plane. A plane parallel to the cleavage naturally will have less hardness than the one perpendicular
to th? cleavage. Phyllites and slates are good examples of this.

111
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E.2.3 Strength : The strength of rock is defined as its ability to resist crushing under direct pressure
or somelimes 1ls resisiance to fracture when it is subjected to transverse forces: Strength of marerial 1s more
important as some rocks have less strength in a wet condition than when they are dry.

E.2.4 Size: Sincc rocks are 10 be used in specific sizes according to particular design tor the

coastal protection. the availability of rocks in a particular sizc becomes very importan.

E.2.5 Weight:
Thus fine grained. heavy dense rocks are highly
E.2.6 Porosity and absorption Porosity of the rock plays a significant role in the selection of the
which would be under constant attack of waves. Highly porous rocks are genesally not
favoured- Sea water will have negligible effects on granites and basalts whereas limestone 1s bound to
react and will get dissolved in sea water: Laterite. though highly porous has been reported to have
a high resistance 0 chemical decomposition and can be used for coastal protection as an alternative
1o other rock types of better quality. Due to abundance of laterite along the coasts of India. its use may

Heavier stones have grcater density. lower porosity and grearer compasciness:
desirable in coastal proteciion wocks-

material

be explored-
Table E-1 gives the range of values of important properties for some common rock “ypes for
comparison-
Table E.| Important engineering properties of common rock types (ref. 13).
Young's Compressive Tensile
Rock Modulus at Bulk density Porosity strength strength
zero load g/cms3 per cent kg/cms kg, cm?
105 kg,cm?
Granite 2-6 2:6=21 0-5-1-5 1000-2500 70-230
Dolerite 7-10 3:0-3:05 0-1-0-5 2000-3500 150-300
Basalt 6-11 2:8-2'9 0:-1-1:0 1500-3000 100-300
Sandstone 0:5-8 2.0-2-6 5-25 200-1700 40-250
Shale 1-35 2.0-2-4 10 - 30 100-1000 20-100
Limestone 1-8 2:2-2:6 5-20 300-35¢0 50-250
Quartz - 2:65 0:1-0-5 1500-3000 100- 300
Gneiss - 2:9-3 0.5-1-5 500-2000 50-200
Slate - 2:6=-2-7 0:1-0-5 1000-2000 70-200
La_terite’ - 1-8-2-2 - 7-25 £

* Aponymous

Another factor which needs consideration in the use of locally available rocks apart from the cost
riation. labour. altitude, and is the design life of the structure and the cost involved

of quarrying and transpo
the cost of transporting better material from

in the replacement of material within that period versus,
sources at greater distances:

E.3 General geology of peninsular India

The Indian peninsula is divided into three well defined regions. /- e-. the peninsular. the Indo-
gangetic alluvial plains and the extra peninsula- The southern Indian shield known as the peninsula
is a triangular tract exiending about 1500 km from north to south. It has a width of about 800 km-
The larger part of the shield is underlain by a vast complex of ancient gneissic and gramtic rocks
for which the name ‘peninsular gneiss’ has been given. These are typically migmatitic gneiss  with
alternate bands of amphibolite and tonalite with inclusions of older rocks (ref- 12). Islands and
lenses of various sizes with a granitic and granodioritic composition areé common within the gneissic
complex.- Over these ancicnt rocks lie Pre-Cambrian and later sediments and extensive sheets of
horizontal Deccan Traps: Some Mesozoic and Tertiary sediments are found mainly along the coastal
regions: The Western and the Eastern Ghats are the main mountains along the Indian coasts-

is a long unbroken escarpment extending for about 1280 km parallel

The western ghats
tant physiographic feature of the Indian peninsula. The ghats

to the west coast and mark an impor
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commence south of the Tapti estuary in Gujarat and extend south up to Cape Comorin as a wall
with only one major break at Palghat. The ghats comprise many geological formations of differing
physical and structural characteristics: The northern half of the ghats from the Tapti valley down
to Goa is formed of horizontal beds of massive Deccan Traps. South of Goa, the horizontal bedded
traps give place to steeply dipping gneisses and schists and further south in Kerala, the ghats recede
inland leaving a fertile coastal plain (ref. 11)-

The Eastern Ghats include a series of rather detached hill ranges of hcterogenous composition. Thesc
do not belong to a single geological formation, but vary with the country-side through which the hills pass-
The ghats stretch intermittently from the northern border of Orissa, through the coastal regions of Andhra
Pradesh to join the Nilgiris in the western part of Madras- They are uniform in their charaster in Orissa
and inthe northern part of Andhra downto the valley of the Krishnariver. They are composed of garnetifer-
rous sillimanite gneisses and large masses of charnockite (ref. 8)-

The close of the Mesozoic era was marked by the ouipouring of enormous lava flows which spread
over vast arcas of western, central and southern India- The lavas spread out far and wide as ncarly hori-
zontal sheets. The area now occupied by the Deccan Traps is about 500,000 sq km covering Gujarat, Maha.-
rashtra, Madhya Pradesh and extending up to parts of Andhra Pradesh and Karnataka. The Deccan Traps
are thus the most extensive geological formation of peninsula at present, with the cxception of the metamor-
phic and igneous complex of Archaean age: Dykes arc numerous in the traps but thcy arc not evenly
distributed, somec areas being devoid of them and others closcly crowded with them- In many localitics they form
excellent building stones, provided that proper varieties are carefully chosen:

E-4 Geology of the coastal zone

Eastern and western coasts of India show some significant differences. The castern coast is markedly
low-lying with a number of Jarge river deltas. The western coast is largely devoid of deltas and a large
stretch especially in the central part is marked by cliffs and promontorics (Maharashtra-Konkan coast) and
lakes. lagoons or backwarters inthe south(Malabar coast). At some places, espesially along the tidal esiuaries,
deltaic fronts or salt marshes, mangrove swamps linc the coasts: The coastlinc in froat of the deltas, for
example. the Ganges is liable to significant changes owing to the constant struggle between the seaward
growth of the delta. the erosion by the waves and the formation of sand bars.

E.4.1 Kutch coast: A5 to 16 km widc strip along the coast of Kutch is largely covered by allu-
vium consisting of wind blown loam and sand underlain by clay (Fig-E-1)- Beiwecn the alluvial belt and the
traps there are two belts of Tertiaries roughly parallel to the shore. The older beds consist of clays and limz-
stones of Eocene Age: The younger beds are sandstones and clays ranging in age from lowe: Miozene to
Pliocene (ref- 1)- Occurrence of miliolite rocks is also reporied from Kutch but no ouicrops arc scen along
the coast (ref. 2)-

E.4.2 Kathiawar coast : Deccan traps occur very close to the shore in narihern part whilein other
areas the traps recede to the interior- Alongthe south-west coast from Porbandar to Veraval miliolites are
extensively exposed alongthe coast and extend 30to 40 km inland- The formaiion over the Pliocene and
Miocene rocks directly overlies the Deccan traps towards the north and easi- On the coast. its thickness
increase appreciably and these form a thick wedge against the older traps (Fig- E.1)- Aloag the southsrn
partof the coast, the thickness of the miliolite formation has beenestimated to be 69 mor mywe (ref-2)- Th:
formation is marked by thin banding oblique lamination and a gentle seaward dip of 5°-15°. The miliolitc is
coarser near the shore but becomes progressively fincr grained with incrcasing distanze from th: shores
(ref- 9)- Though the basalt occurs more than 25 km from the shore, becausc of iis durabilicy it will be
advantageous to use the basalt instead of miliolitc limestone for coasial protection works.

E.4.3 South Gujarat coast: The rivers Mahi. Tapti and Narmada form broad and fenile alluvial
plain at their confluence with the sca (Fig- E-1)- The plain resembles to a considerable extent the alluvial
plains of the cast coast- The plain covcrs a greater pari of the Surat. Broach and Ahmedabad districts. [t
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extends from the Rann of Kutch to just southof Daman. Inthe north, it joins the recent deposits of the [ndus
Valley (ref- 10)-

Cambay trough runs nearly north-south and it is bounded by faults on its eastern and western sides-
The Deccan traps which are exposed at the surface on both the sides of the trough, in Kathiawar and
Baroda areas. have been faulted downtoa depth of over 1800 m in the trough- The traps are covered by a
full succession of Tertiaries- The Tertiaries between Broach and Surat are capped with laterite. A number
of small detached outcrops of Bagh beds (Cretaceous) occur along the east-west trending Narmada Valley
from Bagh to beyond Baroda. The formations are cherts, impure shelly limestones. quartzitic sandstones
and shales. The sandstones underlying the Bagh beds, particularly near Baroda provide large quantities of
excellent building stones of very handsome appearance and durability (ref. 14).

E.4.4 Konkan coast: From Daman to Vijaydurg in Ratnagiri District, the Deccan trap is the
dominant geological formation and extends upto the coast and possibly continue to the shelf also (Fig: E-l)-
The lava flows at some places are separated by thin beds of lacustrine or fluviatile sediments (ref. 14).
The traps usually consist of basalt or dolertie: The most common being a dark green or nearly black
normal augite basalt without olivine and often with significant assembly of basic glass- The rocks do not
vary in its composition over wideareas- The average specific gravity is 2.9 but thereisa wide difference in
texture. Most of the varieties are homogenous, hard and compact (ref. 10) but some are vesicular and scori-
aceous- The amygdaloidal cavities are filled up by numerous secondary minerals like calcite, quartz and
zeolites: The quartzites are megascopically uniform micaceous (usually biotite) which gives rise to a feeble
schistosity: The quartzites are dark grey to whitish grey and buffish white fine to coarse grained and massive
to well stratified- Massive milky white quartz veins are seen cutting across the quartzites at many places-
The quartzites have been intruded by quartz veins and basic dykes.

A laterite of variable thickness caps the geological formations along the coast- The laterite covers
almost the entire coastal track except very steep slopes, rivers, valleys and the alluvial areas.

Granite and gneisses with intercalations of metabasalt form the dominant rocks of the coastal
area from Betul to Karwar. The gneisses composed of fine grained quartz and feldspar are well bounded:
The banding is generally parallel to the foliation but some streaks of quartz and feldspars cut across the
foliation. The gneisses gradually merge with the massive coarse grained and unfoliated granite. The mera-
basalts represent very low grade metamorphosed Dharwarian basalt with feeble schistosity-

E4.5 Malabar coast : The narrow coastal belt from Karwar to north of Quilon (except Calicut
to Cannanore) is covered by alluvium which adjoins the gneisses and granites to the east (Fig- E.2).
The gneisses are lypically migmatitic with alternate bands of amphibolite and tonalite- Inclusions, lenses
and islands of older rocks of granites, granodiorites and charnokites are common in the gneisses. From
Calicut to Quilon laterite capped tertiary beds cover the gneisses in the coastal area. From Calicut to
Cannanore. the alluvial belt is very narrow and the gneisses almost abut the coasts-

Along the south-west coast of India, various types of rocks constituting the ancient formations. i-e..
gneisses. garnetiferous sillimanite bearing granulitic. grieisses of high grade metamorphism. leptynites
charnockites. crysialline limestones and graphitic schists are exposed at some distance from the coast (ref.7)

Near Cape Comorin crystalline gneisses of Cardamon hills abut the shore. The coastal
alluvium occupy the forms of an extremely narrow zone and Jandward is underlain by coastal tertiaries

followed by gneisses and granites.- The coastal area from Cape Comorin to Rameshwaram is largelycovered
by Tertiary and Recent sediments.

E.4.6 Coromandal coast : Between Manamadurai and Pondicherry, extending from the coast to
about80km inland the area is covered by tertiary to <retaceous sedimentary rocks (Fig: E-2). Theese sedimenrary
rocks overlie the gneisses and charnockites of the basement (ref- 3, 4 and $)-

Between Cauveri delta to Visakhapatnam. there are isolated outcrops of the upper Gondwanas
along a narrow strip of the country betwecn the coast and gneisses to the east.- The upper Gondwanas for

the most part are composed of littoral sandstones. gravel and conglomerate rock with o:zcasional shale
intercalations (ref. [4)-
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The Krishna and Godavari deltas and the adjoining coastal tracks are largely covered with
pleistocene and reccni deposiis of ihe rivers. The ihickness of the recent alluvium gradually decreascs from the
shore to the delia hcads where the ancicnt graniie, gneisscs and basic rocks arc cxposcd- A narrow triangular
patch of the Uppcr Gondwanas occurs in thc Godavari valley south ncar the town of Rajahmundry.
The Upper Gondwanas consist of limestoncs, clays and candsioncs wich boulder conglomerates (ref. 14).

The northern Circars coast from Kakinada to Puri is mainly covcred by alluvium except
off Visakhapatnam where the rock cliffs abui the shore (Fig- E-3)- In thc inicrior the ancient gneisses
and granites with khondaliics and charnockiics are exposcd- The khondali:cs are pariicularly dominant
in the north—astern and scuth-wesicrn  cxiremitics of the region- A small ouicrop of charnockites occurs
between thc Vasamdhara river and ihe Chilka lake-

The coasial rcgion tetwcen the Mahanadi and the Ganges delias is largely covered by recent
and sub-receni dcltaic dcposits of these rivers. Shoreward the coastal zone of Ganga delta region
adjoins the mangrove tidal foresis of Sunderbans. Towards the wcst the monotony of the plain
in Balasore and Midnaporc is brokcn by sand dunes- In the Mahanadi delta the topography of the
coastal rcgion is markcd by mangrove swamps towards the shore but further inland it represents
an alluvial dchaic plain traversed by wide disiributaries of river Mahanadi- The north-western margin
of the deliaic plains is marked by lateritic hills near Cuttack- The ancient crystallines, gneisses and
granites are exposcd (o the wesi at some distance from the shore. the nearcst they reach the shore
is Balasore (about 30 km)- [n the Mahanadi delta and the north patches of older fossiliferous sedimenta-
ries (Baripada tanks and Upper Gundwanas) occur near Baripada and Puri.
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Appendix F

Dune Vegetation Along
the Indian Coast

A- G- UNTAWALE
National Institute of Oceanography, Dona Paula. Goa.

F.1 Introduction

The coastal vegcetation is of a specialised naurc which grows under different conditions. It
consists mainly of 4 differcnt groups: (1) marinc algac or scawceds, (2) sca grasscs, (3) mangroves and
(4) sand dunc vecgeiation or sirand flora- Marinc algac and sca grasses are purely aquaric communities
while thc mangroves arc partially aquatic planis which prefer intertidal arcas having tidal influen-e. The
sand dunc vege aiion or sirand flora on the oiher hand. is a to:ally different plant community which
grows on a sandy shorc bcyond the highest high tide level.

v The ability of dunc vegetation for binding the sand is well known. Cleghorn and [Iyer have
describcd the sand binding plants of the south-cast coast of India (refs- 5and 10)- The rapid increase
in the dccert arca of ihe world, has prompted inwensive efforts to determine new and effective measures
to stop or at lcast control the movement of the sand dunes- Flora of the littoral states of India
written by Hocokcr, Gamble. Haines, Blotter and Cooke include the classical works in  which
different specics of the dunc vegetation have been described (refs. 2, 6, 7, 8 and 9).

Phy.ogcographical distribution of dune vegetation along the Indian coastline has received much
atteniion from the beginning of this ccntury- Champion and Seth have classified the littoral and tidal
swamp forests of India (ref- 3). This was subscquently followed by the imporiant work of Ran and
Sastiy on the classification of coastal vegeration (ref. 14).

Dunc foimation along the coast takes place as a result of movement of sand particles from
the intcriidal to the tackshore region with the help of wind (see Section 3.3.2). Thesce sandy beaches or
duncs consiantly change thcir profile or structure because of their dynamic na'ure. Sometimes, the moving
sand dunes poce much danger to the shorcline (Plate F-6: a). Here, the dune vegctation plays a major
role in minimising the wind speed and also the movecment of sand from the dunes.

Along the east and west coasts of India, vast areas have been covered by sandy beaches or
dunes (Table F.1). Conservation or management of these areas requires immediate attention.

F.2 Climatological factors

Climate of different maritime states shows a distinct variation- Four typical examples on the west

coast (Jamnagar and Mormugao) and on the east coast (Pamban and Vishakhapatnam) will give a fair idea
of the fluctuations in climatological conditions (Fig- F.1).

F.3 Classification of a sandy shore

Krumbein and Slack have suggested 4 zones of sandy shores, namely (1) nearshore bottom, (2)
foreshore, (3) backshore and (4) dunes (ref- 11). Champion and Seth have classified the dunes under
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Table F.l Distribution of sandy beaches along the Indian coastline.

1. Gujarat (Kutch, Saurashtra : Limited sandy beaches, in between

and S. Gujarat) muddy or rocky shores
2. Mabharastra : Local sand strips along the coast inter-
cepted by rocky cliffs
3. Karnataka : Extensive sandy beaches of limited width
Kerala . Extensive sandy beaches of limited width

often interspersed with coastal lagoons
and lateritic or rock bound beaches

5. Tamilnadu : Sand strips along the deltaic shores and
rock bound beaches at the southern end
6. Andhra Pradesh : Sand strips of limited width often inter-

cepted by the Godavari and Krishna
rivers and their tributaries

7. Orissa : Extensive sand strips in the Konarak-
Puri buldge

8. West Bengal : Sand strips of limited width in Midna-
pore district and Sunderbans sea face

9. Andaman Islands : Sand strips intercepted by bluffs, rocks

or shingle along the coastilne.

‘littoral forests’ (type 4A/L1) (ref-3)- Rao and Sasuty have classificd the strand vegeiation into (1) Strand
sand (Type 4A, SSI)- (2) Strand rock (Type 4A/SR2). (3) Strand co:al (Type 4A/SC3). The ‘strand sand’
has furthcr been subdivided into (i) open pioncer zone or outer zone. (ii) closed herbazeous zone, (iii) middle
mixed or bushy zone and (iv) inner woodland zone (ref. 14)

Generally the pioncer zonc of the sand dune arca is covercd by coarse sand as the finer sand
particles are blown by the wind towards woodland zone:- The soil in pioneer zon: has low waer holding
capacity and it is slightly alkaline to acidic-

Different aspects of the sand dune like grannulometry, pH, percen-aze of organic mat.cr ctc.
varies in open pioneer zone, closed herbacious zone, middle mixed zone and wood'and zons. Accordingly
soil changes from fine sand to coarse sand with clay or silt- pH varies from 6.5 (o ncuira'icy. Perccniage
of calcium carbonate decreases, while organic matter increases from pioneer zone towa-ds wi>dland zons.
I[ncrease in organic matter enhances the water holding capacity of the soil.

Chapman has divided the dunes into (i) embryo dune, (ii) yellow dune and (iii) grey dune azco-ding
to the growth of the dune with its vegetation (ref. 4).

F.3.1 Species distribution : There are several types of dune vcgeta-ion distribuied along the
cast and west coasts of India. The composition of the vegetation changes with the climarological and
edaphic factors: As mentioned earlier, the climate along the east and west coasi shows considerablc
variation- As a result of this the species also show different paticrns in distribution. zonation etc.

Rao has further subdivided the west and east coasts into Kutch, Saurashtra. sou.h Gujarat,
Maharashtra, Mysore. Kerala, Tamilnadu, Andhra Pradesh. Orissa and West Bcngal- So far. about 148
species, representing 115genera of 49 different families which can be considercd as dunc vegeiation have
been reported from the Indian coast. The zonal distribution of thc siwrand tlora along the Indian coast-
line is presented in Table F.2 (ref- 13).



Tuble F2 Distribution of dune species along the Indian coast.

West coast East coast
e ol -

Kutch 31 Tamilnadu 113
Saurashtra €0 Andhra Pradesh 76
South Gujarat 40 West Bengal (Midnapore) 27
Maharashtra 84 West Bengal (Sunderbans) 49
Karnataka 99
Kerala 107

Total 421 Total 265

It is observed that the dune species on the west coast of India are almost double than those
of the east coast- The maximum dune species have been recorded from Tamilnadu followed by Kerala.

Karnataka. Maharashtra, Andhra Pradesh and Saurashtra.
Rao has grouped the dune vegetation according to its specialised characters (ref- 13):

(1) Mat forming stranded creepers

(2) Diffusely branching, prostrate or erect strand herbs and hedges

(3) Strand climbers

(4) Strand plants with perrenating organs

(5) Strand shrubs and trees

(6) Strand stunted trees-

On the basis of these observations. he is of the opinion that the dune vegetation of India

\s @ mixture of Polynesian and Malaysian. Persio-Arabian/Western and a few indigenous species-

F.3.2 Dominant dune vegetaion: The major components ofthe dune vegetation from Saurashtra
coast are Hidrophyvlax maritima, Ipomea pes-caprae, Asparagus dumosus, Halopyrum mucronatum, Cypreus
conglomeratus, C- aristatus and Sporobolus trimulus (ref- 15)-

The sand dune flora of the Goa coast is represented by Ipomea pes-caprae, Spinifix littoreus and
Cipreus arenarius (ref 17) and (Fig- F-2)-

Rao er al- have described the dune flora of coastal Tamilnadu (ref- 16)- The principal floral
elements are /pomea pes-caprae, Cyperus arenarius, Spinifix littoreus and these are found in the open
ploneer zone: )

Large scale plantations of coconut. cashew-nut, Casurina equisettifiolia on the sand dunes can
be included as the recently introduced species (Plate F.6:b). However, there are some interesting species
like Hiphnae indica along the Saurashtra and Goa coasts. which have come from other countries. [t
has generally been accepted that the dune flora includes a large element derived from the weed flora
of the adjoining agricultural fields.

F.4 Environmental factors

Climatological factors such as rainfall. air temperature, humidity and wind speed as well as the
edaphic factors like sand texture. pH. humus content. soil temperature and the ground moisture play an
important role in the distribution and growth of dune vegetation.- Because of the extreme conditions
the dune plants have developed certain characteristic features in their internal and external morphology-

Atmospheric temperature in the dune regions directly affects the dune temperature. The barren
dune temperature is usually more than that in the vegetation area- The humus content and moisture
minimise the temperarure in the vegeration zone-
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The rate of precipitation and the duration of rainfall are important factors for the dune
communiiy- These help in the germinaiion of sceds. decomposition of organic matter. rapid growth
of the dune planis and create favourable condition in the dune region- The rainfall by itself binds
the sand temporarily. Generally, the dune plants complete their life cycles during the monsoon and
pPOSImMONsSoon <€asons:

Wind is one of the most important factors in the dune ecosystem- It helps in the formation.
movement and also desiruction of the dunes- It also decreases the surface moisture and the surtace
temperature- Increase in the wind speed ¢nhances the transpiration rate in dune plants. Cyclonic or
stormy conditions usually result in the destruction of dunes by dispersing dune vegetarion and by changing
the configuration of dunes.

Dune vege.ations have a tendency to develop extensive rhizoidal root system which also helps in
binding the sand- The shoot poriuion of the plants prevent or minimises the movemen' of sand while
the fibrous or rhizoidal roots of thesc plants perform important physiological and mechanical functions-
To face extreme conditions of high temperature, wind velocity and low water availability, these plants have
developed thick cuticle. sunken stomata. specialised inflorescence and sceds. as well as fleshy leaves.

F.5 Formation. growth pattern and propagation of dunes

The main species generally start their growth at the strandline and batkshore region- This
is a verly sensitive area where there is every chance of dune erosion. either by the incoming wav  during
the highest uude or by strong winds-

The seeds. propugules and fragments of the dune vegetation start their germination from the sirand-
line in favourable season (monsoon)- At the strandline. the dune generally has litier or debris. which
after undergoing decomposition. adds to the humus content. Oncc thc :ced germina.cs and the plant
establishes the rate of iheir furither growih. if conditions are favourablc. becomes very fase. They uy o
develop horizonial and veriucal root sysiems as early as possible. By the time favourable season i1s over.
the plants are well rooted- This is the first stage in the formation of dune vegeia.ion.

Second phase siarts afier the monsoon is over. that is.duringthe post-monsoon pericd. Surface moisiure
reduces during these months because of increase in the wind spced and air iempcrarure- This resulis
in the loosening of the tand grains which are blown by wind- The dune flora obsiruces the flow ot sand
and ultimately a mound is formed near the plant. If the rate of sand movemen: or azcreiion is more.
the dune planis get completely buried under the sand. If the layer of sand is very thick and tihe
dune plants are not ableto grow.they ultimarely die off- Otherwise. gencrally cffshoo s tiom he 'a cral
sides or axils of the plants grow rapidly to come out of the sand dunc for furcher growh. Occasionally
due to high wind velocity. the dune vegeia.ion gets uprooted and breaks in.o fragmen:s. while the
dune itselt migrates- In favourable conditions. these scattered fragm:n's gci cs ablished and form therr
own small or big dunes- Once the plant is well settled and forms a dune. the offshoo:s of the :ame
plants creep above or below the surface and forms another smaller dune (primary and sccondary duncs)-
The secondary dunes. eventhough small in size. give some protection to the primary dune by regulating
the wind speed.

Untawale and Nair have reported the growth pattern in some pioneer dune species from the Goa
coast (ref- 17)- These are as follows:

1. Ipomea pcs-caprae (1. biloba): This species belonging to the family Convolvula:zcae has very long
branches Ii ciceps all over the dune surface: The average length of the tap roo: varics from 5.0 8 m. The
length of the cieeping branckes i1s from 5 to 7m. The shoot system spreads ccvering a large area- Al
regular iniervals. «we rootlets develop in the nodal region to give mechanical sircngih to the creeper
and also help in tirding the dune :and.- The average internode was tound 0o be 10.3 ¢m. while
the rootlets were 3595 cm in length (Plate F- 3 a and b).
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2. Spinifix littoreus /'S squarossus): This plant belongs to the famiiy Poaceae (grass tamily). [t
1s 2 viry swrdy plant and shows all the characters of a typical dune vegeiartion- This plantalso has s;runlar
tendeney of growdh like /- Pes-caprae- The average lengih of the main rhizoidal root Is about [5-
while h¢ lengith of the rootlets ai nodes is about 28-5¢m. Its shoot atiains the aver
"1 ¢m. The lengih of the inernode is abou. 6.7 ¢m (Plates F.1. 2:aand b).

20 ¢m.
age height of

3. Launea pmnanfida:  This species belongs to the family Astcraceae (Compositae).
gocs up w a depth of 50cmdepending upon the moisiure content of he dune. The
develops into many uoffshcois which creep over the dune surface. Alevery node.
growch. The average lengih of these roodets is about 8.25:m. while the shoot is
mately |90 cm in height- The average length of the iniernode is 9.5 ¢cm.

[ts tap root
shoot portion
there is a rhizoidal
very dwart. approvi-

4. Ciperus arenarius: This 1sa Cyperaceous plant. which forms a dense mar on the dune surface,
particularly in areas which are moist- [is rhizome is of a shallow type- The swolons of this plant
creep below the surface about 3-5¢m deep- The shoot. however. auains an average height

of 32.1¢m-
The disiance between the nodes is 4.55cm (Plae F-4:aand b).

The success of the dune planis lies in iheir ability to perennate and o develop extensive
horizonral and vertical root and shoot sysems in unfavourable conditions.

Propagation in dune planis is both by vegerative means and by szeds- Sprouting from the
disintegrated shoots is common and important- The fruits and seeds of dune plants can remain
viable in the high temperature sand as well when o:casionally exposed to sea water. The entire intlo-
rescence or the arrangemeni of fruits in Spinifix litroreus has been specially developed to favour their
dispersal in a wide area.

During the dry season most of the herbaceous species on the dunes. excepting a few sturdy

plants. die off and remain dormant for a long time. However. again during the monsoon. they sprout
and start their normal growth.

F.6 Management of dune vegetation

From the time immemorial the coastal regions along with sandy dunes, have been used by
man for different activities- As a result of population pressure. the ccastal dunes have been utilized with-
out understanding the dangerous effects. their disappearance can cause to the surrounding environment-
Indiscriminate cutting of coastal vegetation and over-exploitation of beach sand for developmental

works have resulted in erosion of vast coastal areas- Sand dunes are very imporiant systems which
need careful planning and management.

[n India sandy shores and nearby areas are being extensively used for agriculture. housing. high-
ways. recreation and tourist resorts- Therefore, it is necessary to have effective management policies for the
conservation and protection of sand dunes. Chapman and Ranwell have some importan: suggestions on the
development of sand dunes with the help of plants (ref- 4 and 12). The most important factor in the dune
managementis the vegetation cover of the dunes. A few suggestions given below in develo

ping or increasing
the vegetation cover may be useful.

Movement of the sand or dune can be checked by growing appropriate plant species which
should be planted in the backshore from where the sand movement begins- Thus a good carpet
vegetation will effectively minimise the sand movement.

Suggested species of plants for the dunes are:
(a) [pomea pes-caprae

(b) Spinifix littoreus

{c) Cyperus arenarius

/d) Periploca sp- (Plate F.5: a and b)
(e) Urochondria sp.

At the landward end of the backshore region. cover can be given by growing trees as wind
breaker. The species suggested for this zone is Casurina equisettifolia which grows extremely well in [ndian
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conditions. The litter fall of this species forms a dense mat on the surface. which not only checks the
<and movement but also creates a favourable conditions for the ground flora- The same trees after a few
vears can be cffectively used for the fabrication of dune fence systems and mattresses to prevent the
dune movement further.

Aforestation of dune areas can be done either by directly using suckers. stolons. fragments or
by broadcasting of the seeds of dune plants: In the monsoon months, transplanting the seedlings from
nursaries to dune areas will also be very helpful- These nursaries can be planned in coastal sandy
areas. Seedlings can be grown in small polythene bags which could be transferred as such to the
desired areas:

F.7 Harvesting and processing

The plants should be dug out with care that most roots remain attached to the plants:- The clumps
should be seperated into suckers with the desired number of stems. Plants should be cleaned of dead
vegetation and should be trimmed to a length of 45 to 50 cm to facilitate mechanical transplanting.

“Transplanting techniques for most species of beach grass are well known. Transplantation 1s
highly recommended for the areas adjacent to the beach berm and for vulnerable areas which are subjected
to erosion. Most critical areas require densely spaced transplants to ensure successful stabilisation- Trans-
planted seedlings of dune species can be protected by checker board methods using dead branches of
any tree (Fig- F.3). The size of these checkers can be decided accordingto wind velocity and sand movement-

Seeding is practical only when protection from erosion and fromdry winds has already been provided
by mulching or frequent irrigation and is therefore not applicable to most beach areas- Beach grass seeds are
not available from commercial sources and must be harvested from wild plants- The exploitation or cutting
of dune vegetation by man or by cattle grazing should be strictly prohibited- Similarly. disturbing the
seedlings of dune vegetarion should also be avoided-

Sand dune areas could possibly be used for the cultivation of suitable crop plants which can
tolerare maximum salinity. Such species can even be grown under irrigation using brackish warer or sea
water. Efforts are being made by the Central Salt and Marine Chemicals Research [nstitute. Bhavnagar
(Gujarat) to grow certain species of wheat. bajra, barley, cotton. jawar. kodo millet. onion. etc- on the
coastal dunes of the Orissa.- Also. large scale plantation of jojoba (oil plant) and guyale (rubber plant) in
arid regions may prove to be economical-

Movemeni of the dune sand in the barren area could be controlled by using dune fences (see
Section 3.3.2)- These fences could be fabricated by using dry wood or dead branches of the most abundant
trees of various coastal states. like Casurina, coconut, cashew and various mangrove trees- However.

ulmost care 1s essential to avoid large scale cutting of well grown trees which may cause secondary
problems.

F.8 Fertilizers and manures for dune vegetation

In India. not much work has been done on the effects of fertilizers and manures for the sand dune
vegetation. According to Adriani and Terwindt. the use of nitrogen has a better effect than phosphate.
for the growth of dune vegetation (ref- 1)- They have also investigated the possibility of using sand binders such
as COLAS. Shell Sandfix and UNISOL. These sand binders are useful in the coastal areas with a moderate
wind speed and thus lead to less sand movement. However. the regions which are frequently experiencing
stormy weathers. the sand binders may not be of much importance.

Marine algae along the Indian coast get accumulated on the shores every year in a large quantities-
Mived seaweed meal cor liquid extract from the seaweeds can be used either asa manure or liquid fertilizer
particularly in the nursaries established for dune vegetations- These algae have agar, alginate. caragennan.
mucilage as well as several growth promoting hormones. Some of the algal extracts also can be used
as sand binders. However. some of these aspects require further studies-
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Plate F.l (a) Dune formation by Spinifiz littoreus at Miramar, Goa.
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Plate I\l (b) Growth of S. littoreus.
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Plare F.J (a) Growth of /. pescuprae on the sandy dune.

Plure F.3 (b) Typical bilobed and fleshy leaves of /. pescaprae.
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Plate F.4 (b) Mixed vegetation of C. arenarius and I. pescuprae.



Plate F.5 (b) Periploca spivila growing in sand in ag arid region.
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Plate F.6 (b) Coconut plantation on sandy beaches,

Plate F.6 (a) Coastal erosion of sandy beach ¢t Miramar, Goa.
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