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ABSTRACT _

HALSILLIE, ,J.H., 19H.s. Redefinition of shore- breaker classification as a numerical continuum and a
design shore-breaker. Journal of Coastal Research, 1(:~), 247 -2.s4. Fort Lauderdale, ISSN 0749
0:20H.

Based on an initial appraisal of data, new considerations are used on which to base a least
equivocal numerical definition of shore-breaking waves. Redefinition is based on the amount
of the wave crest, H~), measured from the wave crest top down, involved in shore-breaking,
and is given by: Hi'/ Hh = tanh 0.4 {h where Hh is the shore-breaking wave height, and {h is a
slightly modified version of the surf similarity parameter. The above equation also appears
to represent the position at which the maximum impact pressure in a shore-breaking wave
occurs. Relating equations are: zmax / Hh = 2.12 - tanh 0.4 {h or zmax SWL / Hh = 0.84 - tanh
o.~ {b in which zmax and zmax SWL are the vertical distance above the bed and still water level
(SWL) at shore-breaking, respectively, where the maximum horizontal impact pressure
occurs. Available impact pressure data indicates that the shore-breaker with the most des
tructive potential has a value of {h = 1.0. This results in a design shore-breaking wave which
imparts the greatest horizontal impact at a distance of0.62 Hh above the wave trough, or 0.46
Hh above the SWL. Recalibration of the numerical results suggests the following modifica
tion in the existing descriptive shore-breaker type scale: {h < 0.64, spilling shore-breakers;
~ (U-;~ to .s.O, plunging shore-breakers; > .s.O, surging shore-breakers.

ADDITIONAL INDEX WORDS: Collapsing breaker, design shore-breaker, impact pressure, plung
itu; uace. shorebrcahing /CCU'f', spilling /l'a/'e, surf similarity parameter, surging u'ave, u'ave crest.

INTRODUCTION

Shore- breaking waves, because of the highly
complex nature of the shore- breaking process, have
been defined in terms of the visually observed crest
geometry in profile view. Three general categories
of shore- breakers are commonly recognized (WIEGEL,
1964) as spilling, plunging and surging, although
GALYIN (1968) has described additional sub-types.

Spilling is defined to occur at the point where the
top of the wave crest becomes unstable and aeriated
and turbulent water slip down and across the front
face of the wave crest (Figure 1). Up to 25(1< of the
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top of the wave crest is defined to be involved in
spilling-type shore- breakers, and the spilling can
occur over quite a distance (U.S. ARMY, 1977).

Plunging occurs where the upper portion of the
wave crest curls over, forms an air pocket and the
curling crest eventually falls onto the trough front
ing the crest. The plunge point is defined to occur
when the upper portion of the wave crest front,
which will form the curl, becomes vertical (Figure
1). The laboratory data of WEGGEL (1968) suggest
that greater than 25 (j; of the wave crest height,
measured from crest top down, is involved in form
ing the curl.

Surging is defined to occur where the bottom por
tion of the wave rushes forward from under the wave
crest, sliding up the beach face with a minimum of
bubble production (Figure 1).

A fourth general shore- breaker type has gained
recognition... the collapsing breaker... identified
by GALVIN (1968). Within state-of-the-art numeri-
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have described numerical parameters which indi 
cate the point of transition between spilling, plung
ing and surging breaker types. While their work is
important, the net result is that the verbal classi
fication remains. What is ultimately needed, how
ever, is a method for quantifying shore-breaker
wave behavior across the entire spectrum of con
ditions that is independent of the verbal descrip
tion. For scientific and engineering purposes, such
a method needs to be expressed mathematically,
and defines the purpose of this paper.

PREVIOUS WORK

--SWl------

Figure 1. Three ba sic categories of the shore-breaking
wave types.

Delineation of conditions producing the basic,
visually recognized categories of shore-breaking
wave types is, by no means, a new endeavor. By
1946, Dean M.P . O'Brien had conceptually detailed
the wave steepness and bed slope conditions required
to produce spilling and plunging shore-breakers
(BEACH EROSION BOARD, 1949). At about the same
time, IRIBARREN and NOGALES (1949) sugge sted a
parameter, now termed the "surf similarity para
meter," for determining where shore-breaking occurs.
PATRICK and WIEGEL (1955) are generally accred
ited with formalizing the continuum and adding the
surging shore-breaker type. Some years later, using
what was an independently derived variation of the
surf similarity parameter, GALVIN (1968) suggested
that:

Sllilling

~------ - -- --'""":::=

S-urging

- ------- SWl- --- - - --

where Hb is the shore-breaking wave height, g is the
acceleration of gravity, T is the wave period and
tano, is the bed slope. BATTJES (1974), using the
surf similarity parameter, suggested that:

tan a h 1<0.4 , spilling shore-br eak ers
, 0.4 to 2.0 . plunging shore- brea ke rs (2)fHI~ > 2.0 . sur ging sho re-breakers

h 2 tt

Investigations have also been conducted to quan
tify distortion of waves as they shoal and shore
break. ADEYEMO (1968) measured the horizontal
and vertical asymmetry of wave profiles about the
still water level. More recently, similar information
has been obtained by SINGAMSETTI and WIND
(1980) . Others have investigated the relationship
between the degree of wave profile distortion and
the vertical distribution of horizontal water particle

cal developments for predicting shore- breaker type,
thi s breaker falls in the surging category. Based on
observations by the author, these breakers re sult
from special conditions which may largely depend
on bed roughness and porosity which in turn affects
th e phase and particle velocities; for instance,
WEGGEL (1972) noted the possible influential effect
of such breakers on rubble-mound structures.

A continuum of the general shore-breaker type,
grading from spilling to plunging to surging, has
been identified (GALVIN, 1968; BATTJES, 1974;
KOMAR, 1976). Spilling shore-breakers tend to occur
on shallow nearshore slopes where waves have high
wave steepness valu es; plungers occur on beaches
with both intermediate bed slope and wave steep
nes s valu es; and surging shore-breakers on high
gradient beache s where wave steepness value s
are sma ll.

While verbal de scription is nece ssary towards es
tablishing an understanding of a natural process, a
numerical method which de scribes the continuous
nature of the proce ss is ultimately desirable. For
instance, GALVIN (1968) and BATT,JES (1974)

Hh

g T ' ta n a b I> 0 .06 8, sp illing shore -breaker s
0.00 3 to 0.068 , plunging shore-brea kers
< 0.003, su rging shore-bre akers

( I)
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SHORE-BREAKER REDEFINITION

velocities (MORISON and CROOKE, 195 3; MILLER
and ZIEGLER, 1964; ADEYEMO,1970; WOOD,1970;
IWAGAKI et al. ,.1974 ; KEMP, 197 5; SAKAI and
IWAGAKI, 1978) . However, no definitive relationship
has surfaced from such studies for prediction of
shore-breaker type.

Redefinition of the manner in which shore
breaking waves are viewed in coa stal engineering
applications, is based on two considerations: (1) the
amount of th e wave involved in shore-breaking, and
(2) the de structive potential of shore-breaking
waves.

The fir st considerat io n is, in fact, already evident
from existing observation-based definitions of shore
breaker typ es; namely that progressively more of
the wave cres t is involved (measured from the cres t
top down) in breaking when proceeding from spill 
ing to plunging to surging. This consideration, to
the author's knowledge, has not been pursued in
developing methods for breaker-type prediction.
Such an approach, however, provides a fortuitous
analytical methodology since if the domains of
parameters are carefully selected, a mathematical
description of the solution, both intuitively and
pra cticably, should vary only within narrow limits.

From the results of a field investigation, WEISHAR
(1976) and WEISHAR and BYRNE(1978) found that
BAITJES' (1974) parameter, given by equation (2),
results in more accurate shore-breaker type predic
tion than the parameter proposed by GALVIN (1968),
given by equation (1). This finding along with other
numerical pr oblems encountered during analysis
using GALVIN' s parameter, have led to singular con 
sideration of the surf similarity parameter and
BATT.JE's evaluation given by equation (2).

We shall select as the dependent variable the
dim ensi onless quantity H~ / Hb, where H, is the
shore-breaking wave he ight, and H~ is the amount
of Hb (meas ured from the breaker crest top down)
that is involved in shore-breaking. The independ
ent variable becomes a modification of the surf
similarity parameter (i.e., 2 7T removed) to yield:

(5)

A visually fitted equation for con sideration is
given by:

which is plotted in Figure 2. Note that from equa
tion (2), 1 / 2 7T = 0.4 which appears in equa
tion (5) .

There is little published data available rep
resenting the value ofH~ . An example for a plunging
shore-breaker (traced from photographs pub
lished by MILLER (1976 , Figures 1 and 2) is illus
trated in Figure 3 in which H~ / Hb has a value of
about 0.3 and appears to remain constant through
out th e plunging process to curl touchdown.

In a lab oratory investigation on impact pressures
accompanying shore-breaking wave s, WEGGEL
(196 8) measured from film frames the distance s
ab ove the bed where a verti cal line became tangent
to the vertical portion of the front face of plunging
wave crests. From WEGGEL (1968) and WEGGEL
and MAXWELL (1970) , s appears to represent the
location of the center of the curl of the plunger. The
average value from 16 experimental re sults of
WEGGEL is plotted in Figure 2; an average value is
used since ';b had a small range of from 0.619 to
1.098, while the range of H~ / H, was from 0.232 to
0.507 . It is noted that WEGGEL' s data fall within the
spilling category, even though they were observed
to be plunging (verified from personal com
munications with J.R. Weggel). However, excep
tions to the delineating value separating spilling
and plunging shore-breakers are not, from existing
studies, uncommon.

WEGGEL's directly measured data is the only sys
tematically collected information known to the author.
Two other sources, each providing a single breaking
wave example, have been found. IpPEN and KULIN
(1954) published profile traces of waves at the
shore-breaking position. Only one of the traces
appeared to represent a shore-breaker (i.e., plung
ing) from which s could be identified with certainty.
Since the waves that IpPEN and KULIN investigated
were solitary, the wave period was calculated as
T = (1.6 g Hb)o.5 Li,l (developed by BALSILLIE,
1984) in which L, was determined by extending the
stoss breaker surface to the still water level plane
and doubling the value. The other source is from
WIEGEL and SKJEI (1958) for a periodic wave (a
plunger from run 26), where s was identifiable.

It is unfortunate that more data are not available
to determine s for the various types of shore-breakers,
principally because such information should not be
difficult to obtain (e.g. , from filmed wave activity).

(4 )

(3)

I< 1.0, sp illing sho re -breake rs
';b 1.0 to 5.0 , plunging s hore -b rea kers

> 5.0, surgin g shore -breakers

';b = tan a b

yHb / (g T ')

from which it may now be stated:
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Figur e 2. Relati on ship hetween the relative amount of th e wave cre st involved in shore-breaking and the modified surf simi larity
para me te r. Numbers refe r to the number of values representing averages.

Of published photographs, crit ica l information is
ofte n not provided, such as th e wave period and/or
bed slope. It appears from th e study of WEGGEL
(1968) , however, th at horizontal impact pressures
res ult ing from shore-breaking wav es may be useful
in representing H;; / Hb·

Pressures pr oduced by shore-breakers are des
cribed to co ns ist of a first ext re me ly high pressure
of very short duration termed "gi fle" by LARRAS
(1937), followed by a second pr essure tha t is sig
nificantly less in magnitude and lon ger in duration
term ed " bourrage" by LARRAS (1937) . Vari ou s
invest igator s (CARR, 1954; Ross, 1938) ha ve sug
gested th at th e firs t pressure, commonly termed
th e shoc k or imp act pressure, is not imp ortant
because, in part , of th eir ra re occ urrence. However,
th e more recent work of NAGAI (1961) and KIRKGOZ

(1982) does not support such a conclusion. Impact
pressures should, in fact, provide a key to the des 
tructive potential of sho re- breaking waves.

WEGGEL (1968) measured the vertical distribu
tion of the horizontal component of impact pres
sures beneath plu nging wave crests (using a ver
tical array of 6 pressure transducers). WEGGEL's
data suggests that s is equivalent to Zm. xo the dis
ta nce ab ove the bed where the maximum horizontal
component of the impact pre ssure occurred. Impact
pr essures from shore-breakers have also been in
vestigated in the laboratory by HAYASHI and HAT
TORI (1958) using a vertical array of 5 pressure
sen sors, by GARCIA (1968) using a single vertically
mobile transducer, and by KIRKGOZ (1982) us ing a
vertical array of 4 pressure transducers. Impact
pressure data from these studies are als o plotted in

Jo urnal of Coastal Research. YoU. No.3, 1985
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Figure :1. Hist ory of a plun ging wav e du rin g sho re-br ea king. Posi tion A describ es the defined s ho re-brea king point o f a plung ing
break er . posit ion C th e touchdown point.

There is considerable sca tt er in the imp act pres
sure data plot ted in Figu re 2, which may be du e in
part to differ en ces in exper ime nta l setup and a p
proach from inve stigati on to investigation (see
KlR KGOZ, 198 2, p. 8 1-8 2, 88 -89 ). The data do, how
ever, a ppea r to suppo rt t he tr end suggested by
equation (5).

Restat em ent of equa t ion (3) yie lds alte rna tive
design re la tion ships. These re lati on sh ip s dep end
up on as sumpt ions that db / Hb = 1.28 (M cCO WAN,

1894; M lJNK , 1949; B AL SILLl E, 19 8 ;~a) and H;( u,
= 0.8 4 ( B ALSIL Ll E, 19 8 :~b ) from which H~ = (db +
0.84 H j.) - zrna,= 2.12 H h - Zmax ' S ub st itu tion int o
equation (3) yie ld s:

Figur e 2, from which H~ is determined as Zrna, - (d b
+H;) wher e H;,is th e amo unt of the wave cres t lying
above th e still water level (see definition ske tc h of
Figur e 4).

-S h~.-- --- - - - J- -~;:1----::.:'b.....'
Pre . , uta __ J_ - --r -
T,.c. H'

b I fNl k SWl

1---- + - SWl -,--J'---f--1-- --'----- ---j
0.... of br••k.,

c r. , l

' ma' / H b = 2.12 - tanh OA {b

or

Zmax S WI. / H b = 0.84 - tanh 0.4 { b

(Ii)

(7 )

oo~-'------l.------L---------'

Figure 4. Ver tica l d ist ri hu tion of hor izonta l im pac t pr es

sure. P'h' he neat h a shore -brea king wave crest; th e assu mp
tio n of similitude in loca tio n of zma, and t he ce nter of the curl
of a plunging wave abo ve t he bed , s (see text) , is based on Ibe
results o f W f;<;(; r:1.( 19 68 ).

in which Zrn a, and Zma, S W I. a re the verti cal di st an ces
a bove the bed and s t ill water level, resp ectively, a t
th e s hore-brea king position wher e th e max imum
hor izonta l imp act pr essure occ urs.

It is to be not ed from Figur e 4 tb at th e vert ical
distribu tion of the hor izon tal impact pressure ca n
occur a bove th e shore-break er cres t. This occurs
beca use th e pressur e se nso rs are often mounted on
verti cal wall s of sig nifican t width rel ati ve to inci-
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Figure 5. Plot of the relat ive maximum horizon tal impact pres sur e occ urring from a shore-breaking wave (i.e. • within the verti cal
dist ribu tion beneath th e wave cres t) and the modifi ed surf similarity parame te r.

zmBX> at which the maximu m hori zontal impa ct pr es
sure occurs. For post-br eak ing bores 2mBXis low,
occurring near the mean water level surface. For
waves at the shore-breaking positi on, 2mBXoccu rs in
the upp er port ion of the wave cres t, well ab ove
eithe r th e mean water level or th e still wa ter level.
Because of the higher e levations as sociated with
shore-breakers, they define the condition of inte rest

Exis ting horizon tal impact pre ss ure data from
studies by H AYASHI and H ATT ORI (1958) , G ARCIA

(1968) , W EGGEL (1968) and K IRKGOZ (1982) are
plott ed in Figure 5 as th e di mensio nless quanti ty
P ih (p g H b) ·1 in which P ih is a measu re of the max
imum horizonta l imp act pres sure and p is the fluid
ma ss density. It is a ppare nt from Figure 5, that P ih

(p g Hb)' ! rea ch es a pea k at ';b = 1.0. Subs ti tution
into previou sly develop ed equa t ions yie lds the fol
lowing relationship s:

dent wave cha rac te rist ics, an d wave cres t se tup
occ urs. This should not be viewed as an expe rim en
ta l artifact , however , since the same can occur under
prototypica l de sign condi ti ons. H en ce, equat ions
(6) and (7) do not mean to imp ly that the port ion of
th e wave, including breaker cres t se tup, above 2mBX
should be ignor ed in design so lut ions.

TH E DESIGN S HORE-BREAKER

Resu lts from fie ld studies (MILLER et al. , 1974a,
1974b; MILLER , 197 6) indica te tha t impact fo rces
from shore-brea king and brok en waves significant
ly exceed th ose from non-breaking waves. Hi ghest
impac t pressures occur in post -breaking bores, with
greater pressures occ ur ring from plunger-generated
than spilling-genera te d bores. Sho re- brea king
waves pro duce d next highest imp act pressures , with
greate r pressures occ urring for plun ging than sp ill
ing shore-br ea ker s. The diffe re nce betw een break
ing a nd post-breaking pressures is the eleva tio n, (H;, / H,,) des = O.:JR (8)

.lo urnal of Coasta l Research. Vol.I. Ko.:l. 1 9H ~
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and

RE CALIBRATION OF THE VERBAL
SHORE-BREAKER CLASSIFICATION

As illus t ra ted in Figure 2, eq uation (11) ap pears to
sat isfy both cons idera tions.

In th is paper, th e emphas is is on the combined con
siderat ion of the amount of th e wave crest involved
in breaking, and the destructive potential of shore
breaking waves assessed in terms of the horizontal
impact (or shoc k) pressure, ba sed on an initial ap
praisal of available da ta. For the data invest igated,
it be came apparent tha t the amount of the wave
crest involved in breaking and the poin t of occur
ren ee of maximum impact pressure, appeared to be
dire ctl y related . Re sults ind ica te that a shore
breaker which has a value of { b = 1.0 produces the
greates t horiz on tal impact pressure, occurring at an
opt imum distance of 0.4 6 H, above the still water
level.

T o one extent or an other, it is apparent that the
results of thi s work are based on simplifying as 
sumptions . For instance, that the amount of the
wave crest involved in shore-breaking and the point
of application of the maximum impact pressure
during shore-brea king are coinc ident, may be for 
tuituo us. Maximum impact pressures del ineating a
value of { b= 1.0 may be a fun cti on of experimental
condit ions; the rela tion ship be tween model and
pro totype impact pressures have been subject to
considera ble di scussion (B IJKER, 196 9). Addition
ally, while many as pects of shore- bre aking waves
are capable of measur em en t by ins tru mentation,
ident ification of shore-breaker ty pe can be mad e by
visua l observation only (BALSILLI E, 1983a). The
conce pt pr esen ted, however, is not with ou t basis.
While the purpose of this paper is, in lar ge par t, to
introduce a new, poten tially useful way of viewing
shore- break ing waves, it is also a plea for more data
on which to tes t and, if corrobora tive to th e findings
of this work, refine the conce pt presented.

(9)

(10)

(11)

1
< 0.64 . spilling shore-brea kers
0.64 to 5.0. plunging shore-breakers
> 5.0. surging shore-brea kers

As noted ea rlier, th ere are well known exceptions
to the valu e of { b= 1.0, which is suggeste d by equa
tion (4) as th e value se pa rating spilling and plunging
shore-breaker types . There appears, however, some
basis on which to redefine th e valu e. Firs t, all waves
conside red are plu nging. Second, th e origina l d efi
nition states " up to 25 % of the top of the wave
cres t" is involved in spilli ng. Hen ce, su bstitut ion of
this valu e into equation (3) yields a value of { b =
0.64, and:

which pr ovide an indicatio n of th e design shore
breaking wave con ditions. Where H;j H, = 0.84,
then Zmax above the wave trough front ing the shore
breaking wave is 62 '7r of Hb, or 38 % of th e wave
crest top is involved in shore-breaking.

DIS CUSSION AND CLOSURE ACKNOWLEDGEMENT

It is ap pa rent that di fferent typ es of shore
brea king waves ca n produce qu ite different results.
It is not surprising, th erefor e, that research has
been co nducte d to delin eat e meth od s for th e pre
dicti on of shore-breaker typ e. E xisti ng rnet hodo l
ogy per sist s. however, in defi ning a num erical sca le
which has meaning only when transliterated to the
tradit ional verb al de scription of the shore-breaker
type. Even then, the predicte d sho re-breaker leaves
littl e insight as to meaning and application. It
beco mes even more appa rent, th erefore, that addi
tional cons ide ra t ion is necessary to bring such a
sca le int o per sp ect ive.

Such cons ide ra tion dep ends on the purpose(s) to
which the shore- breaking waves are to be applied.

The contents of thi s paper do not constitute offi
cial Florid a Department ofNatural Re sources policy,
unle ss so endo rs ed by other officia l department
documents.
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