CHAPTER 68

CHARACTERISTICS OF SHINGLE BEACHES
THE SOLUTION TO SOME PRACTICAL PROBLEMS

A, Mo Muar Wood
Partnsr, §ir William Halcrow & Partners

ABSTRACT

shingls beaches differ from eand beaches mainly in the mods of transport
of the materral and in the permeabilaty of the beache Ths typacal beach
forms are in coneequence diffsrent and ths typical problems of beach
stabilieation require diffsrent typee of solution.

Ths mechaniem of littoral drift of shingle 1s controllsd predominsntly
by the action of the breaking wave, on a groyned beach a simpls theory is
advanced to rslats draift to groyne length and spacinge

Longirtudinal sortang of chingle eizes 1e a specially notabls eign of a
etabls beach. Wsll marksd sizs-sorting transverss to the coaetline i1s a
mors general charaoteristioc.

Examples of sch of mana 1t are provaded for a bsach waith high
littoral drift and a beach whioh has tols oontrolled as artafiocral cells

The accrsting shingls beach may in suatabls circumstancss dsvslop a
steep 1n-chore profile - examplee ars given of such.

FORCES CONTROLLING THE BEACH PROFILE

The extensavs literaturs on the enginesring properties of a natural
beach 1e principally conoerned with fins to medium sand foreshorese In
coneequenos, & number of gensralisations havs bsan made concsrning the
properties of a bsaoh that do not apply, howevsr, to a shingle or evan to
a coarse sand bsache The objeot of this paper i1s to discuss soms of the
propsriies specific to a shangle beaoh and braefly to describs solutions
relevant to the typioal problems that ariss wath theme By definztion, a
ehingls beach 18 one in which the median particle size D50 1s larger than
10mm. The mean size 1s most oftan an the rangs 10=4O0mme

south~eaet Britain is well provided with natural shingle beaches and
Fige 1 1llustratss a number of the lengths of coastlins concsrned. Ths
main reason for ths prsdominancs here of shingls ie that ths principal
constituent, flint psbbles, was originally formed in the massivs chalk
whioh has sincs bsan widsly eroded ovsr this arsaes Secondary fluvial and
marine deposite have provided copious sources of flint (silica) which havs
besn washed inshors as ths ssa levsl ross following ths most recent
glaciationse Oncs the flint pebbles bsooms wsll rounded they tend %o he
reduced graduslly in si1zs by attration rathsr than to be reducsd to sand
by fragmentation,
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SHINGLE BEACHES 1061

The main dafferences between the coastal behaviour of shingle and
sand are relatsd to the mode of transport and to the permeabilaty of the
beach. Whereae eand 18 moved by the sea predominantly in saltation and,
near and inshore of ths breaker line, in suspension, shingle 18 ehifted
by sliding and rolling along the bottome The significance of thuis
drfference 13 that, whereaa sand will tend to be moved in the direction
of the vector representing reeirdual wave velocity plus tadal velocaty,
shingle 18 only moved during that part of the wave velocity cycle in
which a certain threshold value ie exceededs Generally this threehold
value will be little below maxamum velocitres at the situation and in
consequence the darection of high velocity will greatly predominate
In addation, the emount of work required to move ehingle on the eeabed
in substantial quantitiee ie euch that this movement will generally be
confined to areae of high rate of dassipation of wave energy, 1 e
landward of the breaker lines, Shingle ammediately to eeaward of this
lane, except whers the offshore bsd 1s steep, will tend to move ehore-
ward, 1f dieturbed at all, on account of the aeymmetrical shape of the
wave lsading to hagher ahoreward orbital vslocities.

The ehingle beach, with a typical slope of 1 10 or steeper, 1e
appreciably stseper than the equalibrium sand beaoh and this ias largely
due to the extent of percolation of the ewash of the breaking wave iuto
the shingle beach, leadang to a duminution of the downwash To treat
thig phenomenon in a very eimpls instance, we may consider the lower
bound of ths veloc:.gr of steady percolation of water into a beach at
gradient S to be k/2s which is about 6om/s for a typical value of
permeability, k, of 102cm/e for a beach at 1 10 slopes

To attempt theoretically to calculate the shaps of a beach profile,
even for a regular train of wavee, would be sxtremely complicated alnce,
apart from the non~uniformity of the material of the beaoh, we have to
be able to oalculate the fluctuating dsgree of eaturation of the beaoh,
and the effecte of drag and lift on the surface particles on the beach.
A point of intereat as that the peroolation of water anto the beaoh will
entaxrl the flow lines of the swash flow and, to a lesser degree, the
downwash flow, oonverging towards the beach and the bed velooitiee at
any instant will therefore tend to be greater than they would bs over an
impermeable bed of comparable roughness, where the flow linee would be
parallsl to the bede The bed profile will be expectsd generally to be
convex upwards since the ratio of returm to upward flow will tend to
diminish higher up the beachs

Referring to Fige 2, the force P; neceesary to dielodge a eubmerged
pebble up a beach of gradlentp and limiting angle of repose ;$ 18 given by

P, = ng (fs/Q =~ 1) sn (4 +8) (1)
where (’s and @J are reepectively epecifio weight of pebble and water,

Sumlarly the foroe P, neceeeary to dielodge a pebble down the
beach as given by

7, = ng (Qo/Qy ~ 1) sin (4 ~B) (2)

The energy flux of the swash and backwaeh may be repreeented
respsctively as

E =3y, 1-‘12 ()
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Fig2 FORCES ACTING ON AN EXPOSED
SHINGLE PEBBLE

and

-2
E = 3\ v, §
V1 and V2 rspreeent volumes of water with mean epscifi¢c energy # 52.

By may.be considersd as rslated to w, steady water velooity parallsl
4o and up the beach, by

P1=§wccnu2/%

where Cc is a coefficient with laft and drag componentse FPo is
eimlarly rslated to velocity down ths beache

The number of uphill and downhill dislodgements may then be
considersd by eanse (3), (4) and (5) to be proporticnal to By and B
rsepectivelys For a stabls profils thers must be a balance of
dislodgements and, 1f Ep=cEj, from eque. (1) and (2), considering the
thrsshold values of P) and Pp,

o = 520 (4 =()/sin (4 +B)
ie8e 6 = (tan g = tan[&)/(ta.u g+ tan(l)

a result similar to that obtained by Bag:o.'l.d1 by consideration of the work
done by the swash and downwaeh 1n movang pebblss up and down the beaoch.

A study of natural ehingle beach profiles after drawdown by storms
indicates generally a profile whach may be representsd bstwesn beach
crsst a.gd beach stsp level approximatsly as a parabolas Thus, Kemp's
records“ of three ssctioms of ths Chesil Bsach (A, B and W) fit closely
to the sams parabola abovs ths levsl of the stsp.

(4)

(5)

(6)
(0
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Ths beach grading given by Kemp2 indicates Dy sSizes as émm, 4um
and 20mm at A, B and W rsspeotively. The coefficients of psrmeability
are to be expected therefors to be approximately in the ratios l.2,

1.0 and 2.2 rsspectively, providsd the same beach grading extends to
appreciable depth. One faotor to explain the common profile may be the
greater work done in transporting mobile beach materaial up and down the
beach where ths particle sizs if finer and thus oompensating for lower
volumetric loss (V1~V2) by highexr specific energy loss, (%ulz- #1,2)

A shingle beach usually exists in the presence of sand in the
inshors (and often also offshors) zoness A csrtain amount of sand 1is
therefore generally in suspension, following breaking of the wave, and
thlissand tends to percolate into ths beach As a result, apart from the
mobils shingls near the surface, the interstices of the bsach will be more
or less charged with sand, sffsctive permeability, even of a relatively
thick depth of predominant shingle, will be corresondingly reduced., The
thickness of mobile shingle mainly controls the critical height and
period of wave that will provoks draw-down of the beach by 1is incapacity
to absorb an adequate fraction of ths water in ths swash.

Thers are certain typical profiles to be rscognised on a shingls
beach, The accreting beach has a profile concave upwards becoming
convex upwards as the storm crest 1s reacheds On ths eroding beach,
the concave upward curve runs into a sharp scarp at the hsad, with ths
slope ammeciately bslow the scarp standing at the critical angle of
repose of the beach materiale. During the course of recovering, one or
more secondary crests form at the lamit of the swash of the breaking
waves but below ths upper crest, the upper orsst represents ths height
reached by ths breaking sub-critical wave at a time of high mean sea
levsl, (?critical' wavs rsfsrs to the wavs that Just bsgins to draw
the beach down).

LIPTORAL DRIFT OF SHINGLE

Gsnsrally rip currents play no appreciable rols in longshors
movsment of shingle inshors of the breaksr zons. This movement is
caused predominantly by the direction of upwrush of the breaking wavs
and, though the downwash usually returns fairly darectly down the beaoch,
this contributes to a oertain extent when the breaking wavss approach
very obliqusly.

For a natural foreshors, most of ths longshore movement of shangle
probably occurs in the upper part of the beachs In particular, as the
foreshors slops is known to vary considerably with ths state of ths tids
during peraods of storm, increased littoral drift 18 to be expected in
an area of high tadal range, other factors rsmaining unchangeds

When a sea wall 1s present, extrems flattemuing of the beach occurs
whsn storm waves coms into contaot with the wall, and yet higher rates
of littoral drift may thersfors be associated with the consequent change
of profile with each tide.

With ths variations of waather, tide and momlity of a shingls
beach profils 1t 1s unlikely that any dirsct gengral relationship waill
be found between longshore energy flux and littoral drift even for the

same beach, and no reliable quantitative solution of general applicability

is foresseable, without separation of the many parameters.
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The concept of Pe:l.na.rd.-Cons:n.d.e:r:e3 , expressing littoral draft for
given wave energy flux as darectly proportional to the angle between
the crest of the breaking wave and the beaoh line, may be expected to
be applicable as a first approxumation where sin2&~2 o, & being the
angle of approach of the wave to the foreshore, but the interesting
development of this theory by Bakkerd cannot be applied directly to
the typical shangle beach., Bakker supposee an equlibrium between
variable littoral drift and the consequential onshore and offshore
movement between the foreehore and the inshore area. His pranciple
18 based upon a conoept of a unique stable bsach profile but, as
1)llustrated by Fige 3, the shingle profile in the upper beach will
adopt an angle so different from that of the sand in the lower beach
that it 1s possibls to have variations in eize of the shingle wedge
without resultang onshore and offshore motion. In consequence, where
1t 1e required to provade groynes to maintsin a shingle beach, the
criteraon wall mainly depend upon the extent to which the toe of the
shingle bsach extends seaward of the groyne at a time of appreciable
littoral drift. It appears to be the general experience, although there
are exceptions to thie rule, that the sand in the inshors and offshore
zones becomes adapted to the general lane of the shingle beach. Thus,
1f the shingle can bs maintained an adequate quantities to provide
natural proteotion, the lower beach will adjust 1tself acoordanglye

Referring to Fige 3, 1f the predominant angle of approach of ths
wave creet to the natural coaetline 1s ™ o and the eystem of groynes 1s
required to reducs littoral drift from Qo to Qg, then the groynee must
provide a beach creet line making an angle of &, = &g with the original
coaetline, where the euffices o and g relate to the original and the
groyned conditions and %, to the change in the angle of approach of the
wavee to the beaoh crest due to the groynee. At the present time we do not
know how to relate the reduction of littoral draft (Q, - Qg) to the extsnt
of projection of the toe of the beachy, at times of storm, beyond the
seaward end of the groynes The following makes a first attempt to such
a relationship.

For a system of groynes buailt sufficiently hagh to prevent over-
topping, the degree of reduction of longshore motion of shingle paet
each groyne will depend only on the poeition of the toe of the mobile
beach, (probably situated at or inshore of the breaker point) relative
to the end of the groynse

If we aseume that littoral draift

Q=Ko (8)
for constant wave characterietics, where ®& 1s the angle of approaoh of
the wave to the beach and K 1e a constant for the particular situation,

then, where groynee cause the angle of approach of the waves to be
reduced from & o to g (eee Fige 3)

Q, = Kx, (9
Q =Ko, (20)

But, at a groyne, where the distance in plan of the mobils beach
from crest to toe 18 L and the projection of the toe beyond a groyne ie &,
(Fige 3), for eteady flow conditions of littoral drift we may poetulate

Q, = K's/L where XK' = Kf(e ) (11)
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At a groyne, the line of the toe of the beach will tend to maximise
drift past the groyne, i.es locally ot~» /4 if we suppose that for
large values of &, Q = K san 2ets Then

2

K* = K sin W/4 cos W4 = K/2 (12)
and hence, from egns. (10), (11) and (12),

Qg (=Kotg) = Ka./2L . Hence *, = a/aL
whence for given valuee of a and L, Qg may be estimated as a fraction of
Qos from equs. (9) and (10).

LONGITUDINAL SORTING OF SHINGLE

Many rasferences may be found to the sortang of shingle by sea waves
t0 produce longitudinal eize grading along a beaohs Shingle of the
largest s1zs tends to movs towards the zone of the highest degree of
exposure to the wavsse A olassic example of thas phenomenon is found at
Chssil Beach (ses Fig. 1) where the most signifioant featurss are as sst
out in Table 1.

TABLE 1

Sagaificant Peatures of Chesil Beaoh

i | Average 1 tudinal diametexr
Distance from Average offshore
West Bay (km) , slope (0-5 fathoms) of pebble:D%l@m)
| ! Foreshore | 8eabed
i (Ref 12) |  (Ref 12)
f T T t
' 0 | 1:75 0486
! 601 | 1250 I 1,16 45
¢ Te2 . 1:50 1.16 30
{ 11,3 \ 1:20 1456 ' 2.0
12,6 | 1320 1464 345
15.1 ! 1120 3,0
17.1 , 1120 4.8
21,4 , 1:20 3436 342
23.8 1320 3.64 560
25.6 132 4428 640
28,0 1.25 589
6

Jolliffe describes a number of experiments on beaches at Deal and
Wanchelsea (see Fige 1) to reocrd the relative rate of littoral drift
by means of tracer pebbles of different sizes matohed to the range of
pebble sizss present on ths beaches. He found a signifiocant oorrelation
between the s1ze of pebble and the rate of litteral drift, the size of
grsatest mobility bsing rslated to the wavs heighte
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On a beach comprising an assemblage of shingle sizes, we may
consider that a pebble wall begin to move when drag and 1ift cause the
pebble to rotate about a line between poants of contact with other
pebbles. Fige 2 indicates how, on a beaoh of pebbles of dafferent
sizee, this foroe will bear the leaet ratio to the pebble mass for the
pebble of the largest diameter, Moreover, once set in motion by a
wave, translational and rotational inertia will tend to cause a large
pebble to travel considerably further than a small onee The pebble of
small size wall tend to become rebedded anto the beach with drag from
downward peroolation oppoeed to wave lifte

For a given beach and given wave climate there must be & size of
pebble so large that at 1s only infrequently dislodgede FPebbles below
such & size may be expected to undergo some degree of longitudinal
sorting 1f there is a longshore component of wave energy flux, For a
beach which is in long term stability, but which 1s subjected to
different darections of littoral drift by dafferent sizes of wavee, the
sorting should be a significant feature, and generally 1t appeare so to
be This effect may arise from the different degree of exposure to
prevalling winds and swell or from different degrees of refraction of
dafferent types of waves.

The size grading along Chesil Beach might bs explained principally
by increasing exposure to the Atlantic as one proceeds along the beaoh
towards its south-east extremity. This increase l1e due not only to
dafferences in sheltering afforded by Start Point, the weet headland
of the bay, but also to the increasing depth of water offshore an the
same senses

Reverse drift of shingle along Chesil Beach, 1.ee towards the
north-west, will occur under the action of wavee generated within the
English Channel, but these will only be of & height to affect the
smaller sizes of shingle. Further studies are warranted here to
obgerve differences in long-shore mobility of shingle of different
sizes and gradings subjected to a varying wave climate.

It 1e to be noted that for a beaoh not in long-texm egullibraum
little sagn of longitudinal sorting is likely to be observed unless
1t 18 subjected to long-term cyclee of reversal of drift., Nor is thas
effect likely to be observed on a groyned foreshore except in individual
groyne bayss for the reason of the interference with natural drift
caused by the preeence of the groynes.

BEACH REPLENISHMENT: A SYSTEM OPERATED AT DUNGENESS

Poesably the finest long-term continuous records of shingle movement
avallabe anywhere up to ths present day are those relating to Dungenese
(s®Fige 1)» Here the existence of a pattern of ehingle ridgee, Looking
like a magnified fingerprint, permits a reconstruction of events over
nsarly 2,000 yea.rs7.

In recent years the Ness has been building out towards the east-
eouth~east at a rate of 3-4m per year, at the expense of erosion along
the south coast of the feature. As i1ndicated in Fig. 4 the changeover
from eroeion to accretion occurs at a point about 700m weet of the Ness
propers It will be noted that this change must be accounted for by the
angle of approach becoming super-critical l.e. greater than that for
maximum littoral drift, since the degree of sheltering 1s reduced from
west to east and the extent of refraction of the dominant southewesterly
waves 18 reduced in the same direction.
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Since 1965 a scheme of beach recharge has boen operated to stabiliss
the shoreline between Sections 1A and 8B (Fig. 4) whers 1t forms a frontage
to the sxasting and projected Nuclear Powsr Stations. Shingle for thas
purpose, won from ths foreshore and upper bsach ian the vicinity of ths Ness,
has been transported each year in lorries to the Powsr Station frontage and
tipped on the beach at rechargs points. These tips build out to form
shingle breskwaters on ths foreshors and i% 1s to bs expscted that, as they
psrsist virtually throughout the winter, they will reduce the erosion
updrift from the points of rec}u.a.r:ge.S Making due allowance for the local
and short term variations, this effect appear to be supported by the
figures set out in Table 2,

The plan of the bsach has been sub-dividsd by sectaon lines about 30m
apart and fixed points have been selected at intsrvals along these lines
gseaward from the crest of the beach which is at about ém above O D.
(approximate mean sea level)s Vertioal co-ordinates of the shingle level
at such points are provided each year from an asrial survey taken at the
time of Low Water Spring Tides ( about 3m below O D ) in August, The
volumes of shingle in each sub-division of ths beach are then provided by
a computsr program and on these data the bsach rechargs plan for the
followang winter 1s formulated.

It 18 to be noted, in Tabls 2, that during 1965/66, ths ysar of
1nception of the schsme, a considerably higher degree of bsaoh feeding
was undertaken than during subsequent years, Table 2 also indicates the
annual variation in the longehors movsmeni of shingls and in the quantity
arriving at ths Nesse The Powsr Station foreshore is now virtually stable
from ysar to year and 1t seemsd reasonable to assume that any variatioms
in the beach profile below low water of spring tides could be ignored, tne
volume changes providsd by ths computer data then being actual volums
changes on ths beach. Howsvsr, as the Ness 1s st1ll advancing into deep
water, allowance has now been made for the volums of shingle accretion on
the steep face to the Ness below low waters Ths volumes of shingls
arrivang at the Ness, shown in Table 2, also include an allowance for
accretion north of the northernmost section of the survsyed area.

In view of ths detailsd records availabls of ths shingle movement
over four consecutive years 1t was decided to study the possible relation
bstween wavs energy in the area of ths Nsss and the rates of erosion and
accretion along the foreshore. However, thsre are no wavs rsoords
available direotly applicable to Dungenesse Ths nearest rscorders ars
on ths Varne and Dyck lightships, but in the snclossd waters of ths
eastsrn English Channel differential shelteraing as an amportant faotor.
Consequantly, since thers 1s no significant long period swell in this part
of the Channel, wind records may be ussd to derivs at least a first order
estimate of longshors wavs ensrgy flux and wind rscords wers available
from the Dungeness lighthouses These rscords were analyssd into durations
(T) of wind spseds from points of the compass from east through south to
wsst for winds of Beaufort Force 8 and higher,

A wave energy spectrum was then obtained, using the_simplified
graphical relationship prepared by Darbyshare and Draper- to provids
maxamwn wavs heighis and thence the correspon sigmficant wave heights
(Hs)s The total annual energy flux faotors (KHg"TCsin 2&X ) were calculated
and these are indicated in the final column in Table 2, ths positive figures
1ndicating ensrgy from winds west of the south ssctore Ths comparison of
these flux factors, which are proportional to the total longshore energy flux,
with the figures in Table 2 sither for nett littoral draft or for material
arriving at the Ness, shows no general relationship, although the highest
flux factor is associated with the highest movement of material. However,
ths trend of recharge does gsnerally follow the factors and with a few more
ysars experience 1t might be possible to uss these calculated factors to
prsdict the quantity of recharge necessary, though some form of survey would
be necessary to determine the optimal points of recharge.
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TABLE 2

Shingle Recharge amd Littoral Draft at Dungeneee (J.n cubic metree)

Sectaon of Year
Shore 1965-66  1966-67 1967-68 1968-69 1969=-70
_ R - - 20600 12600
la-as g -1600 -2300 -16100 -1300
- R 8000 19000 - 11500
“4-5C g 800 -1600 -4100 ~4900
sc-7a R 43000 - 7400 9500
L -10100 1000 -700 =3400
7a-s8 B 25000 5400 4400 6400
L =900 -1000 =3000 -2200
1488 R 74000 24400 32400 40000
L ~13600 -3900 ~23900 -11800
Estamated
quantity of
ehingle 80000 30000 90000 55000
arraving at
the Ness
Energy flux
factor 67 645 10.1 2,2

R = Shaingle Recharge
L = (Lattoral dmft into eection) =(Littoral drift out of section)

It wall be noticed in Table 2 that a large volume of recharge at a
eection of the shore ie generally aeecorated with a high rate of loees
Thie 1e no doubt due to the form of tipping, which 1e always onto the
end of the tip, and where no recharge 1s made at the adjacent downdrift
section a build up of beach only ocoyre againet the following point of
recharges It 1e noticeable that in 1968=69 when a fairly even
dretribution of recharge was made the lose of material wae aleo fairly
evenly dietributed along the beache

Prior to 1965, the average annual loee of materaal along the length
between Seotions 1A « 8B amounted to about 25,000 cubio metres per years

CONTROL OF A BEACH AT SEAFORD WITHOUT EXTERNAL REPLENISHMENT

The coast protection problem at Seaford (eee Fige 1) 1e fundamentally
one of retaining a ehingle beach without the benefit of natural recharges
Seaford wae orignally establiehed behind a natural shingle bank and there
are many hundrede of yeare of hietory of the variations in the poeition of
the mouth of the River Ouse through thie ehingle banke Since the 18th
Century the river hae been trained to flow through Newhaven Harbour to the
west of Seaforde From 1847 the east harbour breakwater arm hae prevented
eaeterly drift of ehingle and hae also affected the wave pattern that arrives
around the perimeter of the baye For the prevailing eouth-weeterly winde thie
hae the effect of causing a revereal of drift, i.e. towarde the west, along

the weetexnmoet protected length of foreehore.
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Fox many years sea walls and conventional groynes have beem constructed
at Seaford durang which period the eea continued to encroach, causing
considerable damage and the collapse of sea wallse The ndural draft along
thas foreehors towards the east has not been measured but 1s probably of the
order of l0Zcu.n of shangle per yeares The economics of a beaoh recharge
scheme have been examined but thie 1s highly uneconomic in the absence of
long term supplies of natural shingle nearby. The only alternative scheme
that could continue to place reliance in natural shingle as the princapal
medium of protection is one that woulda contain the shingle along the
protected lengths The object was then to determine the minimum length of
groyne to ensure effective containment of the shangle. An empirical
approach 1s to suppose that a shingle beaoh, being relatively thin over a
solad chalk bottom, may at times of storm be dragged out to sea so that
1ts toe corresponds approximately to the breaker point of the largest waves.
Model studies carried out by the Hydraulics Research stationd generally
pointed to a eimilar limat of shingle movement, although allowance has to be
made for the fact that, while the sexgral relevant hydrodynamio dimensionless
factors were satisfied (Yalin, 1963)*", the material shape and grading were
very different from the natural shingle.

The form of conetruotion of long groynes deoaded upon had to be much
more robust than conbentional groynes taken out approximately to low water.
The groynes, erected intially and experimentally as a timbexr gantry faced
with steel sheet pilang, were eubsequently converted into mass concrete
groynes burlt in cellular sheet~prled coffer dams. They are taken out to
a point at which the bed level le approximately 6m below mean sea level
(0D ) and at the eastern end the prancapal groyne was constructed to
provide, in addition, a sewer outfall.

In view of the anclanation of the beaoh oxeet to the shoreline for
zero draft, it is necessary to sub~-divade the length into intermediate
cells to avoird the need for a large amount of continuous redietribution of
shingle from the east end towards the weste A small amount of redistribution
can be tolerated and 1t 1s not necessary for the intermediate long groynes to
be taken out far enough to achieve full cutoffs The tidal range hexre is
approximately 3.,5m on Neap Tidee and 6.0m on Sprang Tidss. As a reeult, the
rediastrabution necessary to maintain an adequate heach in the area of
maximum scour (i.e. near the poant of reversal of draft) amounts to about
5,000 cu.ms per year for storm wavee of about 3m height and 6/7 seoonds
periode

Periodical aerial surveys eetablieh that the overall shingle quantities
along the foreshore remamn approximately constant and also indicate the
volume appropriate for periodical distribution.

An insidaous cause for faxlure of sea walls on shingle beaches can
be attrabuted to undermining by the sea near the time of High Water, whioh
action can then become obscured to view on account of partial reoovery of
the beaoh a Low Water. At Seaford 1t was observed that, while the upper
layers of ehingle are maintained relatively clean as a result of the
mobality of the shingle in stormy weather, the lower shingle tends to
become charged with finer shingle, eand and challk particles, carried by
the water percolation through the beaches It 1s, consequently, possible
to determine after heavy storms the depth to whach the beach has been
disturbed. The chalk particlee act as a cementitious binder so that the
side of an excavation made after a hegvy etorm stands vertical, immediately
below the baes of the mobrle beachs The depth to which the beach has been
dasturbed at vulnerable points 18 recorded and compared against previous
recoxrds, ageinst the known levels of the wall fating and of the surface
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chalk in which, generally, at Seaford, the wall 1s foundede. Although
local availability of heavy plant for maantenance for theee works
facilitates this simple method of control, in the absence of such plant,
some eimple penetrometer device, or a heavy rang around a pile, might be
used for the same purposes At Seaford trials of alternative geophysioal
methods of locating the boundary were unsucceesful,

REGIME OF A NATURALLY ACCRETING BEACH

The natural regime of a shingle beach 1s ueually confused by tides,
by the presence of a well marked divaision between the medium to coarse
shingle of the upper beach and fine 10 medaum eand of the lower beaoh,
also by highly variable winds and currents, The natural form of a beach
may beet be etudied where such factors do not intervene and the
characteristics of a beach in Thessalonika help to 1lluminate this aspects

The beach 1n queetion 1s eituated in a bay on the wouthwest coast of
the Si1thomia Peninsular facing the Gulf of Kaseandrae The beach 1e
contained by rock headlande and ie largely composed of particlee of
natural quarzite graded from fine gravel to coarse eand, The schastoee
rocke drop away into deep water and there 1s little fine material in
suspeneion in the eeas The beach material has been carried to the bay by
a river which flowe anto 1t, The beach in coneequence repreeents the
etable profile of a elowly accreting beach fed from this eource. Fige 5
andacatee how the grading and sortang factors vary around the margin of
the baye It 1s seen that the material becomes very well sorted for eize
as 1t travels away from the river mouth, with the size adjusted to the
degree of expoeure to the wavees

Fige 6 ehows a typrcal profile of the shore taken to a depth of about
30m helow sea level, Contraxy to the normally accepted shangle beach
profile, eeaward of the sitep, situated approxamately on the breaker point
for the maxamum height of sigmifioant wave of about l.7m, the shore drops
stead1ly away into deep water, at a slope of 30% 320 around the bay,
except locally near the river mouthe The abeence of an appreciable
fraction below coarse eand eize, coupled with a low coastal current,
permite the bed materaal to stand at an angle a little below ite
natural angle of repose of about 36° FPurther to seaward from this eteep
slope there 1s a variable flatter slope at a gradient of about 1 an 10
an which the material i1e predominantly fine sand. In Fig, 5, samples
A=J are from the foreshore, samples Sl, 83, S5 and ST are from the steep
inshore bed and samplee S2, $4, S6 and S8 are from near the foot of the
steep inshore slopes

It 15 1nteresting to compare the profile of the Sithonia beach with
that at Dungeness Poant (eee Fige 6) where a shingle beach 1e acoreting
in very different conditions, but neverthelese exhaibits the eame eteep
inshore feature

In general therefore one can say that a naturally accreting shangle
beach will tend to develop a profile of a foreehore that 1e concave
upwards, sieepening towarde the crest to the angle of repoee, an onshore
section flattening to a step at the breaker point, then changing seawards
to a convex upward profile, finally arriving at a Steep section seaward
of the low water mark which assumee a slope a little flatter than the
angle of reposes The lower features of thie general profile, however, are
frequently obscured by accumulation of eand against the shingle beachs
Fane to medaium sand would only accumulate at a steep angle in deep still
water, on account of 1te euscepiibility of movementi by relatively small
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oscillatory currente, the eusceptaibalaty being attributabls not only

to the grain size of the materaal but also to 1ts pronenees to rappling.
An eroding shingle shore, on the other hand, will not dsvelop the steep
offshore feature, even in the absenoe of sand.
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