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ABSTRACT

Phyelcal nodel studles have been conducted lnvestigatlng run-up on shlngle

beachee. Thte report suunarLees experiments carried out between 1982 and

1984. These experl.ments were carrled out using regular waves' to facilltate

LnterpretatLon of the resulte obtained. Further test6 using random waveg

wtll be descrlbed ln a future report.
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NOMENCLATURE

SYMBOL

H Wave helght

DEFINITION

R Run-up The vertlcal disEanee between maximum

level reached by the wave and still

water level

T Wave perlod

L l{ave length

Ho Deep water wave helghts

Lo Deep water wave length

c Beach slope angle The angle that the surface of the

beach makes with Ehe horizont,al





INTBODUCrIO[

TEE H(PERI}IENTAL

FACILITY

A considerable amount of work, both Eheoretical and

experimental, has been carriecl out in the past to

Lnvestigate rdave run-up on smooth inpermeable beaches

and on sandy beaches buL very 11t.t1e, if any, on

shlngle beaches.

The ul t inate aim of this research proJect ls co

produce cr i ter ia to assist  engineers in the design of

shingle beaches for shore protect ion. I t  was

considered that Lhe existlng run-up wave height

relationships derlved from inpermeable or sandy

beaches would produce an over-design when appl-ied Lo

shingle beaches and that worthrdhile economies itere

posslble by the appl lcat ion of a more appropriaLe

relat ionship.

It, was origlnally proposed to carry out measurements

in the f ie ld t ,o invest lgate the relat ionships beEween

the various parameters affectlng run-up buE in vlew of

the tlne and cost lnvolved in obtaining coiuprehenslve

fleld observations it was decided to carry out

laboratory experiments first and then to follow up

with l in i ted f ie ld tests to cheek the val idl ty of the

laborat.ory results.

The srudy was carried out in a wave flurne measuring

23.2m long by 0.75m wide and hn deep (Fig 1).  At one

end of the flume a deep sump accomodates Ehe wave

paddle which is pivoted at the floor of the sump. The

speed and l lnkages to a motor are inf ini tely var iable;

perni t t ing the generat ion of regular waves frorn 0.5

seconds to 10 seconds perlod and up to 0.3rn ln helght.

At the opposite end of the flune a test, section of

beach was const,ructed (Fig 1, Plate 2).  DetaiLs of

the construct ion can be found in chapter 4.



INSTRTfiENTATION

The operational stll l {rater depth in the flume was

0.56m. Thls water depch remained unaltered for al l

stages of the study described in this report .

The lnstrumentat,ion used to measure Che wave heLghts

and run-up are deseribed separately in the following

chapter.

Wave helghts outslde the breaker zone were measured

uslng a t\tin wire wave probe. Thls vras mounted ont,o a

carriage that, ran along a lengfh of channel section.

The carriage was electrically wlnched at a constant

speed of 0.064n/s along part of the longltudinal axis

of the flune. This nethod prevented che measurement

of ref lect lon effects and provided an easi ly

repeatable sanpl lng sequence (Fig l -) .

Waves running up the beach lrere measured using a

run-up probe. This is essent,ially a long twin wire

wave probe and for this partlcular application was 2n

long. The 2 conductors are lald para1lel to each

other and are elther bonded to or just above a PVC

lnsulat lon str ip.  The upper face of this assenbly is

installed flush wlth che surface of the beaeh (plate

1) . The conductors can be roade of silver st,eel wire

or al t ,ernat lvely fron foi l .  In this case, the foi l

type was preferred, permLtt.lng measurement,s to be rnade

at the beach face. A const,ant vol tage is appl ied to

the electrodes. The resistance of the electr ical  path

varles depending upon the lengch Lmmersed by the

waves. The resulting varlatlon in current ls rneasured

and displayed ln a convenienL form. Durlng the study

care rras taken to prevent stones and wat,er globules

Lnfluencing the run-up readings.

Slgnals fron both channels were recorded on an

ultra-vl.olet recorder glvlng a continuous trace of

wat,er level varl.atlon with t,lme. Callbration of the

two lnstruments was carried out by recording the



signals from Ehe instruments on the ult,ra-violet

t.race, for a range of known stl11 rdater levels. These

water-levels were measured using a point gauge

ca l ib ra ted  to  0 . lmn.

4 TEE I{ODBL IESTS

4.1 The l lodel Beach

In each of the nain conditions the core of the rnodel

beach was made up of coarse. river gravel. Pea shlngle

was used for the surface Layer of the nodel beach.

This was approxinately 0.2n deep and was separated

frorn the underlayer by a perforded metal sheet

(f lg 1).  During the unconst,rained tests using large

waves, movement of thls surface layer of pea shingle

produced complex beach forms. Thls gave rise to

problems in both interpreting and predicting the flnal

beach slope. To overcome this problem the beach was

constrained using gabions. These gabions encased the

upper  0 .1m o f  pea sh ing le  (F ig  2 ,  p la re  2 ) .  The

results of a sieve analysis carr ied out on the beach

material are shown in Figure 3 and indicate a mean

gra in  s ize  o f  8 .2nrn .

4.2 SnalL wave Eest,s

(unconstrained

beach)

lvleasurements rJere made of wave hel,ght and run-up for a

wide range of wave perlods and wave heights using

regular waves on beach slopes of 1:6, 1:8, and

l:10. The wave heights and run-up ln the f lume

experiment.s rf,ere observed and the mean of three

observat lons l ras used.

The deep-water wave Lengt,h was calculated from:

Lo = eTz 12

and che deep-water nave height was found fron tables

tn Ref 2.



For smooth lmperineable slopes the run-up of periodic

(regular) waves ls glven by:

R = (HoLo)0.5 r" . ,  o

where R ls che vert lcal  helghc above s8111 water in

the absence of waves and llo and Lo are

respectively the deep-water rrave hetght and deep-water

wave length. This equatlon was proposed by llunt (ref

3) and appears to be based on the results of Savllle

(Ref 4). There ts some anbtguity of definirton in

thls equatlon. It ls known (Ref 5) that waves

breaking on a slope cause a loca1 rise Ln mean sea

level lnside the breaker zone, Thts meana that the

run-up from mean water level measured in the presence

of waves wlLl be less than the run-up fron the stll1

water level measured in the absence of waves. It has

been assumed that the above eguatlon refers to run-up

fron stll l water level ln the abeence of waves and

throughout this report thle assunption hoLds.

In order Eo check the validlcy of this equation for

smooth, tnperneable beaches when applted to shlngle

beaches, run-up against lloto was plotted on

1og.l.og paper for the three beach slopes tested in the

f luoe (Figs 4 -  6).

AlEhough scatcer ls evtdent i t  appears reasonable to

draw a scraight l lne through the plotted points.  To

this end the equatlon of the be8t-fit etralght line

rras computed using a least squares Linear regression

analysl.s. The equatlons resulting fron this

computat,ton were:



Beach s lope Equat ion of  best- f i t

l ine

L /6

L /8

L lLO.4s

0.0390 (rro

0 .027 9 (rro

0 .0211 ( l ro

L  )0 .56

,o ,  o '  ss

l ,o1 o'  to

CorrelaElon

coef f l c ien t

0 . 9 5 1

0 . 9 1 6

0 . 8 6 8

R

R

R

A correlat lon coeff ic lent of  1.0 indicates a perfect

allgnrnent of the points. The high values of the

coeff ic lents shown above indlcate that l t  is

Justtflable to assuoe a power law relationship between

run-up (R) and HoLo for the flune experlments.

If the rangent, of the beach

constant nul t lp l ier ln each

the followtng relatLonshlps

Beach slope

slope ts taken out of the

of the three equat ions,

resu l t .

Equat ion

L /6

L /8

I  / r 0 .4s

R

R

R

0 . 2 3 4  t a n  a  ( I t o  L o ) O ' 5 6

O.223 tan  c  ( l to  Lo)0 .55

0.220 tan  a  ( I Io  Lo)O.54

The result lng constant mult ip l lers are suff ie ient ly

similar to Justify the use of one equation for all

three beach slopes. In order to be dinensional ly

correct the value of I{6Lo should be raised Lo Lhe

power 0.5. The actual powers obtalned were fair ly

close Eo thls value, varylng fron 0.54 to 0.56, i t  was

therefore considered reasonable to subst l tute a power

of 0.5. A further graph is presented in Figure 7

which shows R plotted against Tan

(l lot  o;0.5 for al l  rhe results obtained. The

best f i t  straight l lne through these results,  using

a least squares l lnear regression analysLs, gave a



4 ,3 Large wave tests

(unconst,ralned

beach)

slope of the l ine 0.393 and an intercept of -0,255

result lng ln the relat ionship:-

R  =  0 , 3 9 3  r a n  c  ( H o L o ) 0 . 5  0 . 2 5 5

The correlat lon coeff lc lent was again good at 0.945

glvtng a high degree of confldence in the

relat lonship.

It ls evident that there is a dlscrepancy here, for as

IIs tends to zero R should also tend to zero. The

graph ehould therefore pass through the origin. The

eguatlon of the least equarea llnear regresston line

passlng through the ortgin uas:

R =  0 ,349 tan  c  ( i lo t  o ;0 .S

The flrst stage of laboratory experiments designed to

explore the appl icabt l t ty to shlngle beaches of Hunt 's

run-up equatton for smooth, imperneable beaches, vLz,

R =  tan  c ( t to l ,o10.5

indtcated the run-up on shingle beaches to be about

one-third of that on smooth, impermeable beaches: the

followlng reLat,ionship was obtained:

R =  0 .349 tan  d  ( t lo t  o ;0 .5

Durlng the tests uslng sraa11 waves no movement of che

test oaterlal occurred. Lat,er test,s were undertaken

wl.th waves of greater anplltude. The first of these

Eests al.lowed the beach to move and thus establlsh a

stable profLle.



The beach was agaln composed of pea shingle (size

gradlng Fig 3) and was lni t ia l ly rnoulded to a f lat

s l o p e  o f  1 : 6 .

Waves were generated and, when the beach reached a

scable prof i le with no net movement of naEerial ,  the I
wave height,  per lod and beach prof i le rdere measured.

It was not possible to use t,he run-up g.trg. enployed

for the earl ier t .ests because of fhe conplex beach

prof i le.  Instead, the run-up was assumed to be equal

to the vert ical  distance bet{reen the beach crest level

and the st i l l  water levet.  The beach slope was

defLned as the slope of the line jolning the beach

crest to the polnt at  which the s8111 water level met

the beach prof i le.  Fig 8 i l lustrates these

def inl t ions for a typical  beach prof i le.  The

assumpti.on Lhat Lhe beach crest level defined to t,he

run-up was based on a vlsual examtrratlon of the tests

whlch demonsE.raced Ehe exlst .ence of only a very thln

layer of water running over the top of the beaeh crest

once a stable proft le had been achieved, The

def ini t lon of beach slope is somewhat arbiLrary but

has t,he advantage of being easily defined and

measured.

Test,s were carrled out uslng wave heights ranging fror:n

59.2nn to  l79 .5nn (c rough to  c res t )  and fo r  wave

periods ranging fron 0.86 seconds to 2.4O seconds.

There were a Eot,al  of  22 tests in al l .  The deep wat,er

wave height and wave Length were calculat.ed as

descrlbed above, the result.s of which were present,ed

wlth run-up plotred againsr tan a (Holo;0.5

(f ig 9).  The use of a least sguares l inear regression

analysls gave a best f i t  straight l ine result ing in

the relat lonship:

R  =  0 . 3 2 7  r a n  c  ( t t o l o ) O . s  +  1 . 2 g 0



The correlat ion coeff lc lent obtained fron the above

least squares l lnear regression analysls lyas 0.g72 and
gave a hlgh degree of confidence in the relatlonship.

Unllke the above expression the equation of the line

should pass through the orlgin. The reason for this

ls that when Ho ts zero, R wi l l  a lso be zero. The

equation of the llne passing through the origin from

the least sguare l lnear regression is:-

R =  0 .358 t ,an  c  (HoLo)O.5

This expression cotnpares favourably with the previous

eguatlon derl.ved fron the enall waves tescs.

In order for thls relat ionship to be of use for

englneers ln the deslgn of shingle beaches for shore
protection, design values for the unknowns (tan ,
116 and Lo) are required. The deep wacer wave

hetght and wave lengrh can be calculated, given wind

speed duraEion and fet,ch, but the resulting beach

slope ls less easy to predict .  The relat ionship

between tan and functlon of the wave steepness
(l{o/Lo) has been lnvestigated the particular

materlal tested in the flume. A plot of tan against

Ho/Lo ts shown in Flgure I0.  The best f i t

straight line usLng llnear regression analysis has

been computed giving the relationship:-

t a n  c =  0 . 5 6 5  -  L . 4 7 1 .  I I o / L o

wlth a correlat, ion coeff lc ient of  0.613. Although

thls ls not as good as the coeff ic ients in earl ter

parts of the report ,  ic nevertheless indicates a 99%

cert,alnty tha! there Ls a correlat, ion (Ref 6).  I t

should be stressed that the above relacionship is

based on a llnlted number of experinents, on one
epeclf le mater ial .  I t  therefore cannot be appl ied

unlversally, as obvlously the beach slope depends not
only on the wave characterl.stics, but also on the



4 . 4 Large Wave Tests

constralned by

gablons)

materlal with which Ehe beach is composed.

Addit ional ly the beach slopes result ing fron var ious

beach composltions wlll have been influenced by model

scale effects.  Thls is an area where there is a need

for further research.

The unconstrained beach tests produced a conplex

prof l le at the end of test ing. The calculated beach

slope used in the analysls was dl f f icul t  ro def ine in

advance and this leads to di f f icul t ies in

pred lc t ions .

It was thus declded to restrain the beach Eo a

predetermined slope by means of wlre baskets or

gabions. This nnethod would also provlde valuable

lnformation for beaches resEral.ned in this way.

Gabions have often been used for coast protect ion work

buE wlth l l t t le avai lable informatLon concerning wave

run-uP.

Pea shtngle was again used as test naterial and the

size grading was as before (Fig 3).  Coarse r iver

gravel forned the core of the beach wlth perforat,ed

netal  sheet separat ing the two layers as before (Fig

2).  The pea shingle was nominal ly 0.2n thick. The

upper 0.1m was encased in wire baskets forned from 9mm

sgtrare wire mesh.

A central rectangular recess was formed in the top of

the baskets to allow the run-up gauge t,o be mounted

f lush with the gabions. These gabions f orrned t,he

whole of the upper part of the beach and extended t.o a

depth of 0.28n, where wave act lon had l i t t le effect on

t,he loose pea shingle (Fig 3, plate 2).

Two beach slopes were tested, namely a 1:9 and a 1:6

slope. For each of t l rese test beaches, wave periods



ranging fron 0.86 seconds to 2.4 seconds were used.

I{ave heights ranged fron 53m to 156mn to forn a total
of 45 wave condltlons.

Run-up against IIoLo was plotted on a log.log scale

paper for the two beach slopes tested Ln the fluue
(Flge 11, L2).  Scatter was again evident,  so the

equat ions of che best f l t  stralght l ines for the two

beach slopes naa computed using a least squares

l lnear regresslon anal.ysis.  The equat lons result lng

fron thls computat lon are:-

Beach slope Equatlon of best- f i t  Correlat lon

l lne coeff lc lent

1 : 9  R  =  0 . 0 3 6  ( n ^  L ^ ) o ' 5 7  0 . 9 5 3

l : 6  R  =  0 . 0 3 6  ( H "  L " ; o ' 6 0  0 . 9 4 0

The high vaLues of the correlat ion coeff ic lencs shown
above lndlcate that the logarithnlc relaEionship

assuned between run-up (R) and i{6l,o for the flurne
experiments Ls just l f lable.

If the t,angent of the beach slope was taken out of the
facLors for both the equat ions the fol lowlng

relat, lonshlps result .

Beach slope

l : 9

1 : 6

Equat ion of best- f i t  lLne

R  =  0 . 2 1 9  t a n  c  ( I I o  L o ) 0 . 6 0

The factors descr lbing the slopes of the two equat lons

are suff lctent ly siul lar to just i fy the use of one
equat l .on for both beach slopes. For the result ing

equation to be dinensionally correct the value of
H6Lo should be raised t,o the power 0.5. The
powers obtalned fron the regression analysts for the

R  =  0 . 3 2 8  t a n  a  ( H o  L o ) 0 . 5 7

1 0



two beach slopes were narginally higher than had been

evaluated for prevlous work. These powers were 0.57

and 0 .60  fo r  the  1 :9  and 1 :6  s lopes  respec t lve ly .  A

graph is presented ln Figure 13 of run-up plotted

agalnst Can c (HoLo)O.S fo, al l  the results

obtalned for the rwo slopes. The besr f ic stralght

llne through these combined results using a least

squares l lnear regression analysis gives a slope of

0 .550 and an  in te rcepr  o f  *0 .083.  The resu l t ing

equatlon given below:-

R  =  0 . 5 5 0  ( H s t o ; 0 . 5  +  0 . 0 9 3

has a correlat ion coeff lc ienc of 0.905 giving a high

degree of conf idence in this relaEionship. Since R ls

zero when ilo is zero the equatLon should not have arr
int,ercept value. The equatlon of the least squares

l lnear regresslon l lne passing through the or lgln

l s :  -

R  =  0 . 5 5 7  ( n o l o 1 O . 5

The above result lndicat,es that the run-up on the

beach restralned by gabions is nearly 1.6 tines than

for the unconstrained beaches (run-up faetors 0.557

constrained and a 0.358 unconstrained).  Thls increase

Ln run-up with the groyne experLments can be explained

in two ways.

The restralned beach does not pernlt the sane level of

energy disslpation due to the beach naterial belng

unable t,o move. Settlement of, beach rnaterLal and

trapped alr within the nodel gabion may have

restricted permeation of the waves wlthin the beach

naterial so preventing the same 1evel of energy

dlssipatlon. The nodel beach 1n this instance behaved

nore like the snooth slope than an effecElve

dlssipator of wave energy. The laLter effecL may

largely be due to the model and in turn may not

reflect the run-up for the prototype beach. More

1 1



RESTLTS A\ID

@NCLUSIONS

model work using larger uaterial within Ehe gablons

would have to be done to substant ia te Ehls.

The laboracory tests descr ibed in this report  have

shown that run-up on shingle beaches is very rnuch

smaller for given wave condit ions, than for a smooth

imperneable sea wa11 at the sane slope. For al l  the

Eests carr ied ouE.,  t t  ' *as possible t ,o express the

results using a rnodif icat ion to Hunt, 's formulae for

smooth sea wal ls.

IE has also been shown t.hat run-up on a constrained

shingle beach ls great,er than on a beach whlch is free

to move, buL st l1l  subsEantial ly less than on a smooth

s lope.  Th is  ind lca tes  the  poss ib i l i t y  o f  us ing  a

gablon system to create a shingle beach, as an apron

to a sea wal1 for example, with better hydraul ic

perfornance than a concrete slope. Such an apron

would need to be covered, however, in sufficient free

shingle t.o prevent exposure and abrasion exeept i.n

very severe storms.

The tests described in this report have been aE a

modest scale with regular waves. Further,  the

problems associated wirh adjustments of the beach

prof i le under wave act ion have only br ief ly been

rnent ioned. A subsequent report ,  deal ing with these

topics, wi l l  be presented in the near future.
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Plate 1 The runup probe



Plate 2 The constrained 1,9 beach




