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Abstract 

A literature review has been conducted into wave run-up on steep slopes. 

Both smooth and armoured rubble slopes have been considered, as have both 

regular and random wave attack. The effects of oblique wave attack have 
been explored. 

The report considers a number of run-up prediction methods, and contrasts 
values of relative run-up calculated by different methods. The report makes 

a number of recommendations for further work, and suggests model studies to 

test various empirical prediction formulae. 





Notation 

B 

run-up, expressed as a height above static water level 

significant wave run-up, mean of highest 1/3 run-up crests 

run-up level exceeded by only 2% of run-up crests 

mean run-up level 

wave height, crest to trough 

offshore wave height, in deep water 

significant wave height 

wave height exceeded by only 2% of the waves 

mean wave period, zero crossing 

wave period of maxi�um spectral energy 

wave length 

wave length in deep water 

structure slope angle to the horizontal 

incident wave angle, wave crests to seawall 

spectral width parameter, defined in section 3.3 

shoaling coefficient, defined in section 2.1 

structure reflection coefficient 

Zrc wave number. ;::;; 

L 
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1 INTRODUCTION 

1.1 Wave run-up 
Coastal structures such as sea walls and breakwaters, 
when subject to wave attack, will experience wave 
run-up. If the structure crest is lower than the 
maximum run-up , the structure will suffer overtopping. 
This may in turn lead to flooding and/or damage to the 
rearward face of the structure. In the planning and 
design of coastal structures , especially sea walls, 
wave run-up and overtopping are often the two primary 
factors dictating the crest level of the wall. As 
the cross sectional area and the cost increases 
approximately with the square of the structure height, 
a clear understanding of the processes of wave run-up 
and overtopping is essential to the economic design of 
such structures. 

Historically the designers of sea walls and 
breakwaters have often attempted to design the crest 
level of their structure high enough to prevent 
overtopping. This was done by calculating the maximum 
run-up level and setting the crest level above it. 
This does, however, presuppose that a maximum run-up 
level may be identified. With a fuller understanding 
of the random nature of wind waves, it has become 
clear that overtopping cannot be wholly prevented, 
although the mean expected overtopping discharge for a 
design event may be reduced to negligible 
proportions. The design approach for simple sea walls 
in the UK has therefore recently been altered to one 
of designing for various leve ls of tolerable discharge 
under the extreme events considered, using the method 
p roposed by OwenC1,2). This method was derived from 
analysis of the results of model tests on simple, and 
bermed, smooth seawall slopes, without wave return 
walls. Howeve r ,  for structures with such parapet 
walls, the prediction of overtopping discharge becomes 
extremely complex. Owen(J) argues that model tests 
are needed to determine the hydraulic performance of 
such crest details. Calculations of wave run-up 
levels are therefore still required for most 
preliminary designs, and for further analysis of walls 
of complex form. 

Recent work by Losada & Gimenez-Curto(4) and by 
Allsop(S) has , however ,  shown that wave run-up 
behaviour on rough and/or permeable slopes is not well 
described by the application of a single roughness 
correction factor to the run-up on an equivalent 
smooth slope. 

1.2 Purpose and scope 
of the review 

As part of continuing work on the design principles 
for sea walls and breakwaters ,  it was decided 
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therefore that Hydraulics Research would conduct a 
series of random wave model tests on rubble slopes, 
armoured with a number of different armour units. 
These tests would determine the levels and probability 
distributions of run-up crests on such slopes, and on 
the equivalent smooth slopes. However, before model 
tests to measure and describe the run-up performance 
of random waves on armoured rubble slopes could be 
designed it was clear that a review of the available 
design guidelines and of recent research findings 
should be conducted. 

The purpose of this literature review was to look at 
wave run-up on the steep slopes commonly used for sea 
wall and breakwater construction around the UK and 
elsewhere. Work was therefore concentrated on reports 
and papers dealing principally with slopes of 1:1 to 
1:3, although shallower slopes were considered where 
appropriate. Similarly, it was hoped to concentrate 
on those publications covering the influence of random 
waves. However, as relatively few articles have been 
published on the effects of random waves, the earlier 
work with regular waves was also considered. 

Two major documents summarise much oz
6
5he work in wave 

run-up. The Shore Protection Manual is produced in 
the USA by the Corps of Engineers Coastal Engineering 
Research Centre (CERC) and is revised periodically. 
The latest edition at the time of writing was that 
published in 1984. The Shore Protection Manual (SPM), 
as amended and expanded by the Coastal Engineering 
Technical Aids (CETA), may be taken as summarising 
current American design practice. 

In Holland the Technical Advisory Committee on 
Protection against Inundation (TACPI) published a 
majo' review on wave run-up and overtopping in 
1974\7J. This was based on a Dutch language report 
published in 1972. The TACPI report is a primary 
source of information on wave run-up, and overtopping, 
covering moat sources of field and test results 
published before 1972. A full review of regular wave 
measurements is given, as are the few irregular wave 
model results and field measurements reported before 
1972. In general, however, the structure slopes 
considered tend to be relatively shallow. The test 
results and prediction formulae therefore may have 
limited use in the design of steeper slope structures. 

The prediction formulae suggested are generally based 
upon the Hunt formula, with a number of modifying 
coefficients. 

Whilst some work dated earlier than 1972 will be 
referred to in this report, in the main the review 
will concentrate on work published later. Similarly, 
most relevant American work prior to about 1982 will 
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1.3 Outline of the 
report 

1.4 Literature 
considered 

have been incorporated into the 1984 edition of the 
SPM. Run-up is also dealt with by some 9S the 
standard text books. Of these Horikawa l ) summarises 
much of the Japanese work up to about 1970. 

This review considers wave run-up from both 
theoretical and experimental standpoints, and 
summarises the methods available to predict wave 
run-up under various conditions. 

Theoretical considerations of run-up have been divided 
principally into the behaviour of non-break ing waves 
on steep slopes, and breaking waves on shallow slope.s. 
Efforts have also been made to describe the 
probability distributions of random wave run-up 
levels. These three aspects are covered in chapter 2. 

It has not been possible to describe wave run-up f rom 
a theoretical basis over the complete range of wave 
conditions. Many authors have therefore turned to 
empirical expressions fitted to the results of 
experimental work. Most of this work has used 
regular wave model tests, but recently tests with 
random wave s ,  and some field measurements, have 
yielded more realistic results. Chapter 3 covers 
experimental work , including run-up performance on 
smooth and rubble slopes, under both regular and 
irregular waves. Also included is the effect of 
angled wave attack. 

As a result of the theoretical and experimental work, 
a number of prediction methods have been suggested and 
these are summarised in chapter 4. These allow the 
prediction of wave run-up on various slopes, under a 
wide variety of wave conditions. The effects of some 
of the different prediction formulae are compared, and 
a number of simple tables show relative run-up values 
for a number of wave steepnesses and structure slopes. 
Two different expressions describing the effect of 
angled wave attack are contrasted. 

The last chapter of this report seeks to draw together 
the conclusions of the review, and to identify those 
remaining areas of uncertainty. Recommendations for 
further research are made, particularly into the 
probability distributions of run-up levels under 
random wave attack on smooth or rubble slopes. 

In order to simplify the 
formulae and expressions 
expressed using a single 
units where appropriate. 
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from the literature have been 
set of symbols, and in SI 

In particular this may mean 



2 THEORETICAL 
APPROACH 

2.1 General 

2.2 Steep slopes 

that some American and Japanese expressions with 
coefficients having dimensions will have been 
re-worked. A list of notation used in this review is 
given at the start of this report. 

In common with the practice in some other reviews of 
this type, reports and papers considered have been 
referred to in one of two ways. Those articles that 
have actually been considered in detail, and to which 
the reader may be referred, have been classified as 
references. References have been listed at the end of 
this report, in the order in which they have been 
considered. They have been identified in the te�t by 
the reference number in elevated brackets, e.g. \8). 
The branch literature, and many classic papers and 
reports to which time did not allow further study, 
have been listed in the bibliography. These items are 
identified in the text by the use of the author's name 
and the date of publication, e.g. Pocklington (1921). 
The bibliography is arranged in alphabetical order of 
author1s name. 

Many attempts have been made to describe wave run-up 
from a theoretical standpoint. The major impediment 
to the evolution of a full description of the 
behaviour of a wave, or series of waves, running up a 
slope, is the difficulty of describing the extremely 
complex behaviour of wave breaking. On many of the 
slopes considered, the behaviour of the previous wave 
may be critically important in determining the peak 
run-up level reached by the following wave. The flow 
processes involved are highly complex and variable. 
Theoretical descriptions of the turbulent and 
stochastic behaviour of random waves are not yet 
available in a form that may be used by the designer. 
Two distinct approaches to this problem can, however, 
be distinguisrred. The first deals with non-breaking 
waves on steep slopes; the second considers 
breaking waves on shallow slopes. However, in this 
analysis, all such slopes are considered to be 
essentially smooth and impermeable. 

On the steep slopes of interest to the designer of 
seawalls, or breakwaters, theoretical work has been 
concentrated on combinations of structure slope and 
wave steepness that lead to surging waves, that do not 
break on the slope. Researchers considering wave 
run-up on smooth, steep walls have included 
Pocklington (1921), Sainflou (1928), Hiche (1944), 
Isaacson (1950) and Rundgren (1958). A simplified 
expression for the run-up level, R, of a regular wave 
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of deep water wave height H0, on a steep slope of 
angle, o:, has been suggested: 

R " I, 
Ir = ( z-o: ) 0 (2. 1)  

Sainflou (1928) argued that the maximum water level at 
a vertical (or near) wall was higher by an amount, !J., 
such that:-

R " ':. 
11 = ( za) + t; (2. 2a) 

0 

where t; � "HJ 
coth 

2 rd5 
(2.2b) 

� 
where d8 is the depth of water at the structure toe, 
and L0 the incident deep water wave length. 

Nore recently, Le Mehaute, Koh and Hwang (1968) 
proposed a d ifferent expansion, giving:-

R 
= ( L )!;; + D 

110 �" 
where D = kH 

T [1 + � sinh-z (kd ) 

- t cosh-2 (kd ) )  coth kd 

where the wave number, k = 2 'lt/L. 

(2. 3a) 

(2. 3b) 

A similar modification has been proposed by �agai and 
Takada(lO) who considered second, third and fourth 
order modifications to equation 2.1. For situations 
where the sea steepness s0 was less than 
(2 ai 1t)\(sino:)/1t, they suggested:-
R (")'!!_+D (2. 4a) 
ffd'; Ta 

where D = � (3 coth3 k d + tanh k d )  (2. 4b) 

and (2.4c) 

n =} + k d/(sinh 2kd ) (2.4d) 

Keller and Keller (1965) used linear wave theory for 
waves on a plane slope, with a horizontal sea bed, and 
produced a complex expression including Bessel 
functions of zeroth and first order. Using asymptotic 
approximations to these functions, their expression 
tends to:-
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2 . 3  Shallow s lopes 

2.4 Probability 
distributions of 
run-up 

R 
li 

= 
2 

n ( err 

Some researchers have analysed wave behaviour on 
slopes which , taken with certain sea steepnesses, 

(2 .5) 

lead to wave breaking . A particularly simple approach 
is to assign a water particle velocity, v ,  to the mass 
of water as it arrives at the structure. If all the 
kinetic energy was to be converted to potential 
energy, the water would be expected to ascend to a 
height equal to v2/2g. However, some fraction of the 
kinetic energy might be expected to be dissipated in 
wave breaking. The true run-up level might then be 
calculated by applying a reduction factor , f. No 
convenient way of determining values of this factor 
appear in the literature ,  the equations suggested by 
Freeman and Le Mehaute (1964) and by Bullock (1968) 
being too complex to evaluate and use for design 
purposes. 

More sophisticated methods have been used recently by 
researchers includicyg Peregrine (1978,1980), Svendsen 
(1978,1983), Hawkes l 9) and Stive C ll) . In general 
these approaches have considered each wave as the 
propagation of a bore in shallowing water. Each bore 
is followed from breaking, through the run-up and 
back-wash cycle. Its behaviour then determines the 
flow conditions near the shoreline for the approach of 
the following wave. 

Wind waves are of an essentially stochastic nature, as 
are wave heights and periods. Wave run-up is 
therefore also of a stochastic nature , and a distinct 
maximum cannot be defined. Instead a level exceeded 
by only a few run-up crests is defined for the 
purposes of d esign. One such level that is frequently 
used is the 2% exceedance leve l ,  R2• For a fuller 
description of the wave run-up behaviour, or in order 
to determine R2 from some other measure of run-up 
leve l ,  the correct probability distribution must be 
found. 

This problem is usually approached from an empirical 
basis , ���Y theoretical work has , however , been done. 
Saville � introduced a hypothesis of equivalence , 
which postulates that, on average , a wave in a random 
wave train will have a run-up level equal to that of 
uniform waves of the same height and period. A 

distribution of run-up levels may then be derived 
given:-
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(a) a relationship between incident waves and 
run-up levels; 

(b) a relationship between wave height and 
period; 

(c) independence between successive waves. 

Saville (ll) used run-up prediction curves , together 
with descriptions of wave heights and periods by 
Bretschneider (1958,1959), to produce a frequency 
distribution of wave run-up . A number of other authors 
have used the basic ass umptions of the hypothesis of 
equivalence to evolve other distributions of run-up 
crests. 

Battjes (1971) used Saville's hypothesis to derive the 
distribution of run-up crests of ocean wave s .  Battjes 
as sumed high correlation between wave height and deep 
water wave length, and a Rayleigh distribution for 
each. From these it was shown that run-up crests also 
follow a Rayleigh probability curve. This was 
confirmed by measurements on the ljesselake Dike on a 
slope of 1:3.6. 

Thompson(23) has used the analytical framework for the 
calculation of run-up distribution, produced by 
Battjes (1971), for both simple and composite slope s. 
The Hunt formula is used with bivariate Rayleigh 
distributions of wave height and length. [The 
Rayleigh distribution of wave heights is well verified 
in nature, but there is little evidence for a Rayleigh 
distribution of wave length s .  Thompson argues 
however, that Battjes shows that the use of these 
distributions leads to satisfactory result s . ]  
Thompson considers the two cases when wave heights and 
lengths are wholly dependent, given by the correlation 
parameter p =1, and wholly independent, given by p ; 
0. A value of p ;1 is thought to apply to a sea in 
the early stages of growth and implies higher run-up 
levels. For simple slopes Thompson concluded that:-

0.6 Tz (g H )'5 tan a s 

; 0. 7 5 Tz (g H ) � tan a s 

for p ; 0 and 

for p = 1 ( 2. 6) 

r'or fully developed seas in deep water. where p = 0' 
and a mean sea steepness, s = H/L, of around 0 . 05:-

which i s  reasonably close to the formula given by 
Wassing (1957) for that sea steepness: 

R 2 = 8 H8 tan a. 
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Other authors have considered the distributions of 
wave heights and periods (or wave lengths). 
Longuet-Higgins (1975) gave a theoretical joint 
distribution of heights and periods, based on 
assumptions of zero correlation between deep water 
wave heights and periods, and a normally distributed 
sea surface. The probability contours were 
symmetrical about the mean period, and the larger 
waves tended to occur near the mean period, which 
agreed with the data presented. Cavanie, Arhan and 
Ezraty (1976) considered more data than 
Longuet-Higgins, mainly from storm records in the 
North Sea, and found a definite correlation between 
the wave height in deep water, H0, and the wave 
period, T. Their equation for the joint distribution 
of wave height and period required the second and 
fourth moments of the energy spectrum to be known, as 
well as the zeroth moment, and the mean wave period. 
The resulting probability contours were not 
symmetrical, and longer waves tended to have larger 
heights, in agreement with their data. Arhan 
and Ezraty (1978) subsequently analysed this data set, 
and detected a correlation between successive wave 
heights, particularly between the larger waves. The 
joint distributions of wave heights and periods have 
also been considered by Goda (197 0), and Overick and 
Houmb (1977) . The lack of a complete correlation 
between wave height and period, together with the 
apparent correlation between successive waves, both 
contradict the basic assumptions of the hypothesis of 
equivalence. Taken with the less-than-complete 
applicability of the run-up curves (or expressions) 
used, these have led to the replacement of this 
approach by empirical methods based upon the results 
of experimental work . 

3 EXPERIMENTAL WORK 

3 . 1  Regular waves, 
smooth slopes 

Rather than attempt to derive theoretical expressions 
for wave run-up, based on an incomplete understanding 
of the complex hydrodynamics, many researchers have 
fitted empirical expressions for run-up levels to the 
results of model tests. In the USA, Saville (1955, 
1956), Savage (1958) and Hunt (1959) conducted and/or 
analysed run-up measurements from regular wave roodel 
tests. Many of these results, and those from 
subsequent studies, have been incorporated into �g� 
prediction curves in the Shore Protection Manual\ J. 
Re-a?f�)sis of many of the early test results by 
Stoa has led to the production of revised wave 
run-up prediction curves \ 14,15). 

The mos� widely quoted of the early studies are those 
of Hunt(l6) in which different slopes, compound 
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slopes, and beaches, were subjected to attack by 
regular waves of various heights and periods. 
Heasurements showed that permeability and roughness 
reduced run-up, and that a berm at the base of a sea 
wall also considerably lowered the run-up. An 
increase of either structure slope or wave period 
increased the run-up caused by waves of a particular 
height. Hunt described the relative run-up by:-
R 
1f 2. 3 tan a/ (H/T 2) \;, for tan a < (H/T 2) ( 3. 1 )  

This is, however, dimensionally inconsistent, and has 
since been re-written:-

(3. 2) 

where L0 = g T 2/2"' R is the limit of run-up, H and T 
the height and period of the (regular) wave train 
considered, and a is the angle of the strl!cture slope 
to the horizontaL The term tan a/ (H/L ) 2 is 0 
variously known as the surf simila'f5Y parameter or 
the lribarren number , Ir. Battjes\ i suggests that 
it should be known as the Iribarren number "in honour 
of the man who introduced it" Iribarren (1949) "and 
who has made many other valuable contributions to our 
knowledge of water waves". 

It has been shown that the Hunt formula is remarkably 
accurate for many natural beaches, which are 
relatively smooth and for which lr < 2.5. On �teeper 
slopes , however ,  it has been noted by Glinbak (1 � ) 
Losada and Gimenez-Curto(4) and by Sawaragi et al(20), 
that the Hunt formula is only valid for values of the 
Iribarren number less than about 2.5. Three 
expressions have been proposed by Losada<4) to cover 
run-up on smooth slopes over the full range of lr:-

0 < Ir < 2.5, 
2. 5 < Ir < 4.0, 
4.0 < Ir, 

R/H = 
R/H 
R/H 

Ir 
2.5-(Ir -2. 5)/3 . 0  
2.0 ( 3. 3 )  

Similar trends have been shown by Glinbak and Sawaragi, 
who also identify the range over which resonance on 
the slope will occur as 2.0 < Ir < 3.0. 

Various other relationships have been proposed to 
describe ��-�P behaviour on smooth slopes. 
Tautenhaim\ 4 J proposes an equation including the 
coefficient of reflection, Kr:-

R = 1.29 (H L )\; (1-Kr) o cos a 

Chue<21) combines and adapts the expressions for 
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3.2 Regular waves, 
rubble slopes 

run-up on steep and shallow slopes to produce a single 
formula of wider applicability:-

R/H = 1.8 (1-3.111 

where C:, = tan a/ (H/L ) 0. 4 0 (3.5) 

The use of the exponent 0 . 4  is justified as "found to 
fit remarkably well" but no supporting reference or 
data are given. The main formula is however tested 
against regular wave results of Savage, Saville, Hunt, 
Whalin (1971) and H udson (195�i�) Chue's expression is 
discussed by Ahrens and Titus • The trend of 
relative run-up decreasing with increasing wave 
steepness, proposed by Chue, is contrasted with data 
from Savage (1958) and with the work of Le Mehaute, 
Koh and Hwang (1968). Ahrens and Titus then use data 
from regular wave tests by Saville (1956) and Savage 
to develop a general equation for run-up on smooth 
slopes, under non-breaking waves. This equation may 
be written:-

cl 2 R/H0 = C0 (n/2a) exp [c2 ((ry'H) -0 .5) ) 
for lr < 3.5, (3 . 6) 

where H0 is the unrefracted deep water wave height, � 
is the elevation of the wave crest above still water 
level, and c0, c1 and Cz are dimensionless 
coefficients. Values for these coefficients are 
calculated by fitting the data considered, by 
regression analysis. Ahrens and Titus suggest 
c0 = 1.093, c1 = 0 .449, and C = 6.354. They suggest 
that the crest elevation, ,-, may be determined using 
stream function wave theory. 

The behaviour of wave run-up on armoured rubble slopes 
has also been studied with regular waves. Many 
researchers including Hudson (1958) and Savage (1958) 
have reported such tests, and a number of different 
empirical formulae have been derived to fit the 
results. This work has led to the definition of a 
rough slope reduction factor, r, to be applied to 
values of run-up levels calculated for a smooth slope 
to obtain predicted levels on the corresponding rubble 
slope. 

Stevenson(lB)has reported tests with regular waves on 
shingle beaches of slopes of 1:6, 1:8 and 1:10.45. 
The results are co,npared with the Hunt formula for 
smooth slopes. Over the range of lribarren numbers 
considered, the run-up on the shingle beaches was 
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reduced to about 35% of that predicted on the 
equivalent smooth slope, (f��s giving R/H = 0.35 Ir for 
shingle beaches. Gilnbak presents a comprehensive 
revie� of �ave behaviour on smooth and armoured 
slopes. Flo� characteristics are related to the surf 
similiarity parameter. Results of run-up measurements 
on both smooth and armoured slopes are plotted as 
relative run-up, R/H, against the lribarren number. 
On the armoured slopes considered, run-up is compared 
�ith an expression ascribed to CERC:-

R/H = 0.8 Ir/(l + 0.5 lr) (3.7) 

Measured relative run-up on rock armour was generally 
slightly greater than predicted by equation 3.7. 
Gilnbak also proposes a two-part expression for 
relative run-up on rock armoured slopes:-

R/H = 0.4 Ir for 
R/H = 1.2 for 

0 < Ir < 3, 0, and 
3.0 < Ir. (3.8) 

Losada and Gimenez-Curto<4l also consider flow 
conditions on armoured slopes under regular �ave 
attack. They examine many author's measurements of 
run-up on slopes armoured with various types of armour 
units. They present graphs of relative run-up against 
Iribarren number for each armour unit. To these 
results have been fitted a generalised expression for 
run-up on armoured slopes:-

R/H = A (l-exp (B Ir)) (3.9) 

Values of the coefficients A and B are presented for 
various armour units. Losada and Gimenez-Curto note 
that run-up on smooth slopes does not follow this 
general trend, and it is concluded that it is not 
therefore correct simply to apply a reduction factor 
depending only on the type of armour unit. [It should 
be noted that the run-up measurements used by these 
authors in their analysis �ere made by a variety of 
different researchers and are quoted at second or 
third hand. Caution is advised in using the absolute 
values derived from such an analysis, as the results 
of different researcher's work may not be directly 
comparable. ] 

Burcharth<24) measured run-up on a 1:5.4 smooth, 
impermeable slope, and on a 1:1.5 dolos armoured 
slope. Three different wave patterns were used. 
Pattern 1 consisted of regular sinewaves. Pattern 2 
consisted of alternate large and small waves. Pattern 
3 was produced by two closely grouped regular waves, 
giving a beating pattern. The tests on the smooth 
slope exhibited marked differences in the run-up 
behaviour of the different wave patterns. For 
patterns 1 and 3, the relative run-up was given by 

ll 



3.3 Irregular Waves 

R/H = 1.1 Ir, but for pattern 2 higher run-up levels 
resulted giving R/H = 1.65 Ir, all for Ir < 2.5. On 
the 1:1.5 dolos armoured slope, pattern 2 again gave 
greater relative run-up levels. The general trend of 
relative run-up on the dolos slope is similar to that 
measured earlier by Whillo{f

9
1nd Thompson

(
£)970) whose 

results are used by Gunbak and Losada • 

Run-up on smooth slopes has also been measured under 
irregular or random wave attack. For shallow 
structure slopes, expressions similar to Hunt's 
formula have been developed by various authors. A 
modified Iribarren number, Ir' may also be defined:-

(3.10) 

where Hs is the significant wave height, and Tp is the 
period of P{��

)
spectral energy. Van Oorschot and 

d'Angremond present the results of tests with 
irregular waves on smooth slopes of 1:4 and 1:6. 
Using fixed values of significant wave height, Hs, and 
peak period, T P' they tested the effect of varying the 
width of the spectrum, and hence its shape, by using 
spectra of different spectral widths, � where:-

m0m4- m2
2 

mo m4 (3.11) 

(m0, m2 and m4 being the zeroth, second and fourth 
moments of the spectrum, cut off at an energy density 
of 5% of that at the peak.) It should be noted that, 
whilst TP was held constant, the changes in spectral 
shape inherent in altering the spectral width will 
also have altered the mean wave period, Tz• From the 
results of these tests the authors concluded that 
wider spectra gave rise to higher extreme run-up 
levels, and conversely narrow spectra gave lower 
run-up levels. They suggested a modified version of 
the Hunt formula for the 2% run-up level R 2:-

R = C 2 tan a (H g T 
2

) 1i 
2 s p (3.12) 

This may be written as R 2/H5 = (2n)\i c2 Ir'. The 
coefficient C 2 is determined by the spectral width, c;. 
A single grap?

7
�f C 2 against c is presented in the 

TACPI report • Gunbak ha� suggested that the 
following values may be used \19),_ 

Spectral Width, c 
0.3 
0.4 
0.5 
0.6 

12 

Coefficient, C 2 
o.ss 
0.61 
0.67 
o. 73 



From the results of the regular wave tests considered 
earlier, equation 3.12 would only be expected to be 
valid for values of Ir' less than about 2.5. It 
should be noted, however, that the slopes tested by 
van Oorschot and d'Angremond were 1:4 and 1:6, both 
significantly shallower than might be expected in sea 
wall construction around the UK. For the steeper 
slopes, and typical storm conditions with mean sea 
steepness, s � H/10, of 0.03 - 0.05, the range for Ir' 
might be between 1.8 and 4.6. Much of that range is 
outside of the range of validity of the Hunt formula. 
Furthermore, whilst each wave spectrum used in these 
tests had the same peak period, (TP), as the spectral 
width, and hence spectral shape, was altered, so it is 
likely that the mean period, (Tz), also varied. 

GrUne<26) presents results of field measurements on 
the German north sea coast on simple slopes of 1:4 
and composite slopes of 1:4 and 1:6. Waves and run-up 
levels were measured. An equation of the form of 3. 12 
was fitted to the results. For the 1:4 slope, mean 
values of c2 of 0.71 to 0.92 were calculated, somewhat 
higher than the values usually quoted in the range 
0.6-0. 8. 

Webber and Bullock (27•28 )  describe the mechanisms of 
run-up on, mainly, shallow slopes. Different 
prediction methods are reviewed and the limitations of 
each technique are discussed. They report the results 
of small scale tests with 1:2, 1:4 and 1:10 smooth 
slopes, with wind generated random waves. 
Dimensionless run-up levels, R', are calculated using 
the mean run-up level, R, and the standard deviation 
of run-up levels, ea:-

R • = <R - R) 1 ea 3. 1 3  

R' was best described by a Gaussian distribution (with 
I"= O, a 1.0) with good agreement for all three 
slopes. 

Hashimoto<29) used a steeper slope (1:1) with paddle 
generated random waves. Graphs of wave heights and 
run-up levels, and of wave and run-up spectra are 
presente�·- Measured values of R5/R varied from 1 .3 to 
1.8 for R/H0 varying from_0. 9 5  to 2_.74. [For a 
Rayleigh distribution R8/R = l. 60. J Relatively steep 
structuf3o�lopes were also considered by Kamphuis and 
Mohamed • They review the earlier work of 
Pocklington (1 921) and Hunt (1959) and report results 
of tests on slopes of 1:1, 1:1.5, 1:2 and 1:3, using 
limited component irregular waves. From these tests 
they conclude that both wave heights and run-up levels 
are approximately Rayleigh distributed, but that their 
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run-up results give R2/R ; 2.4 rather than 2.23 which 
would be predicted for a Rayleigh distribution. For 
non-breaking irregular waves they conclude that the 
expression ascribed to Pocklington and Miche (equation 
2.1) may also be valid for irregular waves when 
written:-

(3.14) 

Kamphuis and Mohamed did not detect any significant 
effect of spectral width on run-up levels. 

Ahrens (31) also presents results of wave run-up on a 
1:1.5 smooth slope under irregular waves. He 
concludes, however, that his results agree generally 
with those of van Oorschot and d'Angremond, noting 
that a wider range of incident spectra were used than 
by Kamphuis and Mohamed. A good fit to the results is 
given by the Gamma cumulative distribution function. 
This distribution describes the higher run-up levels 
well. The Rayleigh distribution, however, tends to 
under-predict the more e�'reme run-up levels. In a 
further paper, Ahrens (JLJ considers run-up caused by 
both regular and irregular waves. The results of 
tests with non-breaking regular waves on slopes of 
1:1.5 and 1:4 are fitted to a version of equation 3.6, 
with different values of c0, c1 and c2:-

R/H 1.18 Cfr.x)0•38 exp [3.19 ('1::/H - 0.5) 2] (3.15) 

This equation is claimed to fit the measurements on 
the shallower slope (1:4.0) well, but not those on the 
steeper slope (1:1.5). Use of equation 3.15 requires 
the computation of the wave crest elevation, '1::· This 
calculation may be performed using stream function 
wave theory, but may be complex and slow. For 
non-breaking irregular waves, the relative run-up 
generally follows the trends given by equation 3.14 
and thu$

3&�pports a conclusion drawn by Kamphuis and 
Mohamed \ >. Ahrens also examines the statistical 
distribution of run-up levels. A two-parameter 
Weibull distribution is found to fit the data very 
welL The general distribution is given by:-

P(R > Ri) ; exp [- j (�)A ] 
s 

( 3.16) 

Allsop(S) measured random wave run-up on both smooth 
and armoured slopes at 1:1.33, 1.5 and 2.0. The 
armoured slopes used SHED single layer armour units 
laid on 4 D50 of rock underlayer. Run-up 
distributions were measured from video recordings. 
Probability distributions of Rayleigh form were fitted 
to the results. The run-up on the SHED armoured 
slopes fitted this distribution form very closely with 
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3.4 Effect of angled 
wave attack 

minimal divergence even at high run-up levels. The 
run-up on smooth slopes, however, exhibited a similar 
trend to that identified by Ahrens in his earlier 
paper(Jl) , in that the Rayleigh distribution tended to 
under-predict the extreme run-up levels. 

The Shore Protection Manual (6) does not consider the 
effect of wave attack at any angle of incidence � 
other than 0°,  that is with the wave crests parallel 
to the structure. The implicit assumption is that 
normal wave attack represents the most serious case. 
A simil'f general conclusion is drawn in the TACPI 
report\ J, but is extended to give a reduction factor 
of cos � for plain slopes. Two references were 
considered by the TACPI report , one postulates the 
reduction facto' Qf cos �. the other, ascribed to 
Hosoi and Shuto\33) , presents experimental results for 
� = 0°, 30°, 45° and 60° on a 1:2 slope and indicates 
a lower reduction for most wave steepnesses for � < 
45°, than would be given by ���11plying normal run-up 
by cos p. Hosoi and Shuto's results lie in the 
main between two limits:-

l + cos s 
2 > 

1 + cos 
(3. 1 7) 

The lower limit is ascribed to a Russian researcher,. 
Shidorova. It should be noted that no incident angles 
within the range 0-30" were considered in any of the 
above studies. 

More recent work has however shown that normal wave 
attack may not give the greatest run-up (or 
overtopping). Test results , apparently originatt'ng 
from CSIR tests on dolosse, and quoted by Gtinbak 19) 
but not referenced,  illustrate that for waves of 
steepness s = H/L0 of 0.03 - 0.04, wave run-up is 
greater for � � 30° than for � = 0" or 45 °. This was 
not commented upon, in fact Gtinbak concludes that 
run-�� may be reduced by the 3�� � factor. Work by 
Owen\) and Tautenhaim et al ( ) has however shown 
that run-up , and overtopping may increase over an 
incident angle range of around S = 10"-30". 
Tautenhairn et al report the results of model tests on 
a 1:6 slope under regular wave attack at incident 
angles p between 0° and 60". It is argued, on the 
basis of the test results, that the effect of oblique 
incidence is simply to modify the run-up at normal 
incidence Rn· by a factor kS where:-

ks =cos s (2 - cos3 2 8)
1/3 (3.18) 

A similar effect was noticed by Owen in tests 
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4 PREDICTION OF 
WAVE RUN-UP 

measuring the overtopping of sea walls(l). This 
comprehensive set of tests considered sea walls of 
slopes of 1:1, 1:2 and 1:4. Tests with waves at 
incident angles of 0", 15", 30", 45" and 60" were run 
against walls of 1:1 and 1:4 slope. It was shown that 
generally the mean overtopping discharge at 15", and 
sometimes 30°, exceeded that at � = o•, 

It seems likely that, whilst the expression given by 
Tautenhaim was only derived for walls of 1:6 slope, a 
similar effect may be seen for sea walls of steeper 
slope. It would appear from these two studies that 
the angle giving greatest run-up (or overtopping) will 
be around � = 15-20°. This angle, and the level of 
increase itself, may depend upon the mean sea 
steepness and the structure slope. 

4.1 i4ethods available 
Wave run-up levels on a sloping structure Lmder given 
conditions may be estimated by various procedures. 
The designer may use any of three different methods 
(theoretical, empirical or experimental) to predict 
the run-up behaviour of waves on a seawall or 
breakwater. The research project, of which this 
review is a part, is concerned principally with the 
theoretical or empirical methods available to a 
designer. The principles and procedure of modelling 
seawalls, or other coastal structures, are not 
discussed here. However, it should be noted that, in 
some circumstances, site specific model tests of the 
hydraulic performance of a structure may be, not only 
more certain, but also quicker and more economic, than 
a complicated analysis of wave behaviour. 

In all instances, however, the prediction of wave 
run-up levels requires that the characteristics of 
both the incident waves and the structure must be 
known. For estimates of the run-up level under 
regular waves, the data needed for the simplest 
prediction methods may reduce to values of the wave 
height, H; the offshore wave length, L0 ; and the 
structure slope, a. However, for a full description 
of the distribution of run-up crests on a seawall 
under random wave attack, the data needed will be 
considerably more complex. The rest of this chapter 
will summarise both the analytical methods available, 
and the input data required by each method. Where 
appropriate, the effect of the different prediction 
formulae has been illustrated by calculating the 
relative run-up, R/H, for a range of wave steepnesses 
(0.01 < H/L0 < 0.07) and structure slopes (1.33 < cot 
a < 3.0). The results are presented in a number of 

simple tables. 
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4.2 Regular waves, 
smooth slopes 

The simplest prediction expressions available for 
waves on smooth slopes are those ascribed to Hunt 
(equation 3.2) and to Miche (equation 2.1). These two 
equations may be regarded as covering the range of 
wave conditions on a slope, from surging to breaking 
waves (but without a transition). It has been noted 
that the Hunt formula, R/H = Ir, is valid for Ir < 
2.26. It may be argued that equation 2.1, being valid 
for steep slopes, will cover the rest of the range of 
Ir. For the range of wave steepnesses, s, and 
structure slopes, cot a, considered, values of Ir have 
been calculated, and are shown in Table 1. It may be 
seen that, for the steep structure slopes considered 
in this study, much of the range of conditions used 
falls outside the range of the Hunt formula. For 
these co.ubinations of wave steepness and structure 
slope for which lr > 2.3, the relative run-up may then 
be calculated by equation 2.1. Within the range of 
validity of the Hunt formula, the relative run-up 
might then be given simply by equation 3.2. The 
results of this approach are summarised in Table 2. 
Over the range covered by equation 2.1, the values of 
R/H are significantly less than would be predicted by 
equation 3.2 (used outside its range of validity). 

As discussed �o section 3.1, Losada and 
Gimenez-Curtol4) have argued that regular wave run-up 
on smooth slopes may be more accurately estimated by 
the three part expression given by equation 3.3. 
Calculations of relative run-up over the same range of 
values as used above, with equation 3.3, give values 
of relative run-up summarised in Table 3. It may be 
seen that equation 3.3 gives generally larger values 
of R/H than does equation 2.1 used for part of Table 
2. T�ken with the comparisons given in their 
p aper\4), Losada and Gimenez-Curto's expression 
appears to represent relative run-up better than a 
simple combination of Uunt's and Miche's formulae, 
especially over the transition zone between surging 
and breaking waves. 

Chue(21) has proposed a single expression covering the 
range of wave behaviour on a smooth slope. Values of 
relative run-up have been calculated using equation 
3.5, and are summarised in t2� 1e 4. It should be 
noted that Ahrens and Titus ) have expressed severe 
reservations about the use of this equation, and it 
may be seen that the effect of wave steepness, s, on 
R/H is opposite to that shown in Table 3 for the 
steeper structure slopes. 

The Shore Protection Manual (SPM) presents run-up 
prediction curves, derived from the results of regular 
wave tests. For waves in deep water. relative run-up 
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4.3 Regular waves, 
rubble slopes 

is given by Figure 7-12 in the SPM (4th edition, 
1984). Values of relative run-up have been read off 
these curves for the conditions used earlier, and the 
results are summarised in Table 5. Over much of the 
range considered, these values are reasonably similar 
to those calculated from equation 3.3 (Table 3). For 
steep waves on steep structure slopes, the SPM curves 
give relative run-up values less than those predicted 
by Losada, and greater than predicted by Chue. 

The SPM also presents similar prediction curves for 
shallow water, curves for relative depths at the 
structure, d8/H0, of 0.0, 0.45, 0.8 and 2.0 are given. 
Table 6 presents values of relative run-up, R/H0, for 
waves in water of d5/H0 � 0.45 (SPM k'igure 7 .9). The 
significant influence of water depth may be seen by 
comparing Tables 5 and 6. Some of the difference may 
be explained, however, by noting that the wave height 
used in these definitions of relative run-up is the 
deep water wave height, H0• Both wave height and 
wavelength will have been transformed during the 
approach into shallow water. 

Of these expressions for run-up on smooth slopes, 
only Losada's expression, equation 3.3, gives results 
(see Table 3) that a'e in agreement with the trend 
identified by AllrensP1J that, for cot o; = 1.50, 
relative run-up increases with increasing wave 
steepness. 

It should be also noted that the Shore Protection 
Hanual suggests that all values of run-up on smooth 
slopes, predicted from its curves, should be increased 
by a "scale correction factor", ranging from about 
1.14 to 1.21 for the range of structure slopes 
considered here. 

The literature describes two different approaches to 
the calculation of regular wave run-up on rough 
perm{f�}e slopes. A preditfjon method favoured by 
Stoa the TACPI report and the Shore Protection 
Manual(6� . involves the use of a "roughness factor", 
r, to reduce the run-up predicted for smooth slopes. 
Suggested values of r are given by each of those 
references. 

The alternative method uses prediction curves or 
formulae for the particular type of armour unit, or 
slope construction considered. The SPM gives 
prediction curves for rough, impermeable, slopes (SPM 
Figures 7-15, 7-16) and for rough, permeable slopes 
(7-19,20) based upon tests by Saville, Hudson and 
Jackson. In the latest edition of the SP�I (4th 
edition, 1984), a further set of curves is given of 
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4.4 Irregular waves, 
smooth slopes 

relative run-up against Iribarren number for riprap, 
rock and dolos armoured breakwaters (Figure 7-44). 

British Standard BS 6349 (35) also presents two sets of 
run-up prediction curves for riprap embankments and 
for rubble mounds. Neither figure is attributed, nor 
is any reference given. 

Prediction fo'f�lae have been suggested by Losada and 
Gimenez-Curto\ i (equation 3.9) and by Gunbak 
(equations 3.7 and 3.8). These expressions, together 
with the curves in BS 6349 Figure 1 5  and SPM Figure 
7-44, suggest a different relationship between 
relative run-up and wave conditions on rough, 
permeable, slopes, than would be given by applying a 
reduction factor to any of the run-up prediction 
formulae considered in section 4.2 of this report. 

To illustrate the effect, described clear}y in Figure 
8 of the paper by Losada & Gimenez-Curto<�l, values of 
relative run-up have been calculated using equation 
3.9 , with values of the coefficients A and B derived 
from tests on riprap armoured slopes by Ahrens & 
McCartney (1975). These values of R/H are summarised 
in Table 7. In contrast, the values of relative 
run-up in Table 8 have been calculated using a 
roughness factor for quarrystone, r = 0.65, with the 
values of smooth slope run-up given in Table 5. 
Whilst agreement is reasonable for the shallower 
structure slopes, at cot a • 1.5 or 1.33 there is 
considerable discrepancy between relative run-up 
calculated by these different methods. That used for 
Table 8 gives markedly lower values than are predicted 
by Losada's regression formula, equation 3. 9. The 
prediction curve in BS6349, Figure 15, gives relative 
run-up values that appear to be consistent with those 
predicted by Losada's formula, but this could be due 
to the use of a similar data set. 

Two different approaches may be seen in the methods 
used to predict run-up under irregular, or random, 
wave attack. One method assumes the theory of 
equivalence, viewing irregular wave run-up simply as 
the result of many, independent, regular waves. A 
simplified version of this approach is that advanced 
in the Shore Protection Manual, based upon work by 
Ahrens. In this method, a typical run-up level say 
Ehe significant run-up, R8, or the mean run-up level, 
R is determined by one of the methods for regular 
waves discussed in section 4.2. Other run-up levels 
such as the 2% exceedance level, R2 are then 
determined from R8 or R by assuming a Rayleigh 
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4.5 Irregular waves, 
rubble slopes 

distribution of run-up levels. Similar approaches 
involving the assumption of probability distributions 
for both wtf�i) 

heights and periods, have bee�2j�gges ted 
by Saville , Battjes (1971) and Thompson • 

An alternative approach is based upon the measurement 
and empirical description of the probability 
distribution of wave run-up under random wave 
conditions. The parametisation of these measurements 
then allows the full description of irregular wave 
run-up under random wave attack. As discussed earlier 
in this review, a number of authors have attempted to 
fit standard probability distributions to measured 
random wave run-up results. Rayleigh, Gamma, Weibull 
and log Normal distributions have all been tried, with 
varying degrees of success. Kamphuis and Mohamed(JUJ, 
Ahrens\31) and Allsop(S) have all fitted Rayleigh 
distributions to random wave run-up measurements on 
smooth slopes, and have all concluded that the 
Rayleigh distribution tends to under-predict the 
extreme run-up levt1f• Ahrens has also tried the 
Gamma distribution ) ,  but has since recommended the 
use of the two-parameter Weibull distribution(3Z). 
Ahrens(32) has also noted that the non-linear effects 
that have a strong influence on regular wave run-up 
identified by Le Mehaute et al (1968), Nagai & 
Takada(lU), and Ahrens & Titus(Z2) do not have a 
strong influence on the run-up of irregular waves. 

Another method considers only the run-up parameters, 
R
$

, R 2 and ll', ignoring the form of the run-up 
d�stribution. Ahrens has presented a run-up 
prediction method Oif4

t�� t: supersed3�)
some of the 

earli�r work by Stoa • !, Ahrens( and the 
SPM(6lThis new method is based upon the results of 
random wave tests on smooth slopes. From these, 
Ahrens suggests the use of a prediction formula:-

(4.1) 

where R represents R , R 2 or R, and C 1' C 2 and C 3 are 
dimensi3nless coeffic�ents determined by a regression 
analysis of the data considered. Tables of values of 
c1, c2 and c3 are given for each of Rs, R2 and R, for 
a range of slopes, cot CL 

Very little data on random wave run-up on rubble 
slopes is available. The prediction methods are 
generally, therefore, based upon the results of 
regular wave tests. The Shore Protection Manual does 
not specifically cover irregular wave run-up on rubble 
slopes. Instead it presents methods to predict run-up 
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4.6 Angled wave 
attack 

on rough slopes from that predicted for smooth 
slopes,and to predict irregular wave run-up from 
regular wave run-up, but only on smooth slopes. 

7 Presumably the methods could be combined! Ahrens<3 ), 
however suggests that irregular wave run-up may be 
predicted on rough slopes, by applying the roughness 
coeffif}�nts presenfyg in the SPM (after the TACPI 
report , and Stoa )) to smooth slope run-up 
calculated by equation 4.1. 

Allsop(S, 3B) has measured random wave run-up on rubble 
slopes armoured with hollow cube concrete armour 
units. The results gave very good agreement with the 
Rayleigh distribution. Values of Rs and R2 on the 
armoured slope93y�re compared with those predicted by 
Ahrens' method\ J, and gave a relative roughness 
factor of around 0.54. Comparing values of Rs and R2 
measured on smooth slopes in the same study, with 
those measured on the equivalent armoured slopes, 
however, suggested a roughness factor of 0.62. This 
implies some discrepancy between Allsop's measured 
run-up levels on smooth slopes, and those predicted by 
using Ahrens' method. 

Both Owen(l) and Tautenheim et al(34) have shown that 
wave run-up, and overtopping discharge, may be 
greatest at incident angles around 10-20°. Similar 
conclu9ions may be drawn from test results quoted by 
Gilnbak(ll). It is therefore surprising that, in a 
recent review of wave ryn-yp and overtopping, Gadd, 
Potter, Safie and Resio\3 9J should state ""Wave run-up 
will be diminished as the wave incidence angle to the 
slope increases. " Gadd et al seem to be unaware of 
Owen's work on overtopping(l, 2, J) and that of 
Tautenhaim et al(34) on run-up! They therefore 
sugge{335he use of a factor k �· suggested by Hosoi & 
Shuto , applied to the run-up for normal wave 
attack, where � is the incident wave angle:-

k� = (1 +cos �)/2 

Tautenhaim et al, however, suggest a factor k� 
calculated by:-

k � = cos � ( 2 - cos 3 2 �) 
l I 3 

( 4 0 2) 

(4.3) 

The effects of these different expressions may be 
illustrated by determining values of k� for angles 
between 0 and 30° using equations 4.2 and 4.3: 
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5 CONCLUSIONS AND 
RECOMMENDATIONS 

Angle , � 0 "  s· 10" 15" 20" 30° 

k B(Tautenhaim) 1 . 0  1 . 0 1  1 .04 1 .07 1 . 09 l . 07 
k � (Hosoi & L O  1 .00 0 . 99 0 . 98 0 . 97 0 . 9 3 

Shuto) 

Until further research informa tion is ava ilable on the 
inf luence of angled wave a t t ack on run-up, it would 
appear to be prudent to allow for enhancement over 
� = 10 - 30° of the order of that suggested by 

Tautenhaim et al . 

This l iterature rev iew has identi f ied a number of 
methods for predicting wave run-up on s impl e ,  smooth, 
s lopes . Of these �he methods given by the Shore 
Protection Manual t 6 J  ( t ypif ied by SPM F igure 7 . 1 2 ) , 
and by Losada & Gimenez-Curto (equation 3 . 3) ,  appear 
to give reliable results . In the mai n ,  howeve r ,  the 
p rediction of random wave run-up levels is based upon 
methods with relatively l i ttle validation. It i s  
recommended, therefore, t hat a series o f  t e s t s  be 
conduc ted to measure smoot h  slope run-up levels unde r  
random wave a t t ack, and t o  relate those resul ts t o  the 
p redict�gn methods availabl e ,  such as that proposed by 
Ahrens ( ) • 

I t  i s  clear from the l i terature that wave run-up on 
rubble s lopes exhibits a d i f fe rent form of response to 
wave charac t e r i s t i c s ,  than does run-up on smooth 
slope s .  The use o f  a simple roughnes s  factor applied 
to smooth slope run-up w i l l ,  therefore , over-predict 
the run-up on rubble slopes unde r some ci rcums tances ,  
and under-predict under o t he r s .  There is a need for 
s ignificantly more data to allow the derivation of 
more rel iable empirical expressions to predict wave 
run-up levels on rubble slopes . I t  i s  recommended 
that model tests on a number of diffe rent armoured 
rubble slopes should be perf ormed to measure random 
wave run-up levels under a number of incident wave 
condit ions . 

A number of a t tempts have been made to describe the 
probabil i t y  d i s tribution of wave run-up crests in 
terms of the wave and s t ructure parame t e r s . The 
l i terature does no t ,  howeve r ,  clearly ident i f y  any 
part icular probability d i s t r i bution as d e s cribing the 
data wel l .  A knowledge of such probabi l i ty 
d i s t r ibutions is needed to relate run-up levels of 
d i f ferent probabilit ies t o  typical run-up levels , such 
as R or Rs , calculated from the wave and s t ructure 
parame t e r s .  I t  is recommended t h a t  any further mode l 
t e s t s  should t ry to f i t  a number of d i f ferent 
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probab i l ity distributions to the run-up levels 
measured. 

The effect on run-up levels of obl ique wave attack i s  
particularly l ittle understood. Recent work by two 
authors has indicated that wave run-up, or 
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Tables 





TABLE 1 

Values of Ir for a range of s t ructure s lopes and sea s t eepnesses 

Ir co t a 

1 . 33 3  L S  2 . 0  2 . 5  3 . 0  

0 . 0 1 7 . 5 6 . 7  s . o  4 . 0  3 . 3  

0 . 02 5 . 3 4 . 7  3 . 5  2 . 8  2 . 4  

0 . 0 3 4 . 3  3 . 8  2 . 9  2 . 3  1 . 9  

s 3 H/L0 0 . 0 4  3 . 8  3 . 3  2 . 5  2 . 0  1 . 7  

0 . 0 5  3 . 4  3 . 0  2 . 2  1 . 8  1 . 5 

0 . 06 3 . 1  2 . 7  2 . 0  1 . 6  1 . 4  

0 . 07 2 . 8  z . s  1 . 9  1 . 5  1 . 3  

TABLE 2 

Relat ive run-up using Miche ' s  & Hunt ' s  exp ressions 

R/H c o t  o: 

1 . 3 3 3  1 . 5  2 . 0  z . s  3 . 0  

0 . 01 1 . 6  1 . 6  1 . 8  2 . 0  2 . 2  

0 . 0 2  1 . 6  1 . 6  1 . 8 z . o  2 . 2 

0 . 03 1 . 6  1 . 6 1 . 8  2 . 0  1 . 9 

s ;;;; H/L0 0 . 0 4  1 . 6  1 . 6  1 . 8  2 . 0  1 . 7  

0 . 0 5  1 . 6  1 . 6  2 . 2  z . o  1 . 5  

0 . 06 1 . 6  1 . 6  2 . 0  1 . 8  1 . 4  

0 . 07 1 . 6  1 . 6 1 .  9 1 . 6  1 . 3  



TABLE 3 

Relative run-up using Losad a ' s  expres sions 

R/H cot et 

1 . 33 3  1 . 50 2 . 0 2 . 5  3 . 0  

0 . 0 1  2 . o  2 . o  2 . 0  2 . 0  2 . 2  

0 . 0 2  2 . 0  2 . 0  2 . 2  2 . 4  2 . 4  

0 . 0 3  2 . 0  2 . 1  2 . 4  2 . 3  1 . 9  

s � H/L0 0 . 04 2 . 1  2 . 2  2 . 5  2 . 0  1 . 7  

0.05 2 . 2  2 . 3  2 . 2  1 . 8  1 . 5  

0 . 06 2 . 3  2 . 4  2 . 0  1 . 6  1 . 4  

0 . 07 2 . 4  2 . 5  1 . 9  1 . 5  1 . 3  

TABLE 4 

Relative run-up using Chue ' s  expression 

R/H cot a 

1 . 3 3 3  1 . 50 2 .0 2 . 5  3 . 0  

0 . 0 1  2 . 3  2 . 4  2 . 4  2 . 4  2 . 4  

0 . 02 2 . 1  2 . 2  2 . 2  2 . 1  2 . 0  

0 . 03 2 .0 2 . 0  2 . 0  1 . 9  1 . 8  

s � H/L0 0 . 04 1 . 9 1 . 9  1 . 8  1 . 7 1 . 6  

0 . 05 1 . 8  1 . 8 1 . 7  1 . 6 1 . 5  

0 . 06 1 . 7  1 . 7  1 . 6 1 . 5 1 . 3  

0 . 07 1 . 6  1 . 6 1 . 5 1 . 3  1 . 2  



TABLE 5 
Relative run-up. smooth s lope, from SPM Fig 7 . 12 .  

R/H0 cot 0: 

1 . 333 1.50 2 . 0  2 . 5  3 . 0  

0. 01 2. 0 2 . 1  2.3 2.4 2 . 5  

0.02 2. 0 2 . 0  2.1 2.2 2 . 1  

0 . 03 2 . 0  2. 0 2 . 0  2 . 0  1. 9 

s • H/L0 0 . 04 2 . 0  2.0 2 . 0  1 . 8  1 . 7  

0. 05 2 . 0  2 . 0  1 . 9  1 . 7  1 . 5  

0 . 06 2 . 0  2 . 0  1 . 8  1 .6 1 . 4 

0.07 2. 0 2. 0 1 . 7  1 . 4  1 . 2  

TABLE 6 

Relative run-up d8/H0 - 0.45 (SPM Fig 7 . 9 )  

R/H0 cot a 

1. 333 1 . 50 2. 0 2.5 3 . 0  

0 . 01 3 . 6  3 . 5  3 . 2  2 . 8  2 .6 

0 . 02 2 . 6  2.5 2.2 1 . 9  1 . 8  

0 . 03 2 . 0  1 . 9  1 . 7 1 .5 1 . 4  

s - H/L0 0. 04 1.6 1 .6 1 . 4  1 .3 1 . 2  

o . o s  1 . 4  1 . 4  1 .2 1.1 1 . 1  

0. 06 1 . 2  1 .2 1 .1 1.0 0 . 9 5  

0 . 07 1 . 0  LO 0 . 95 0 . 9  0 . 8  



TABLE 7 

Rel a t ive run-up on riprap armour s l opes , Losada , 
equa t i o n ,  data Ahrens & McCartney ( 1975 )  

R/H c o t  " 

1 . 333  1 . 5  2 . 0  2 . 5  3 . 0  
·�·----"-------

0 .01 1 .  7 3  1 . 70 1 .60 1 . 50 1 .40 

0 .02 1 .63  1 . 58  1 .43 1 . 29 1 . 1 9  

0 . 03 1 . 54 1 . 47  1 . 3 1  1 . 16 1 .04 

s = H/Lo 0 .04 1 . 47 1 . 39 1 . 22 1 .0 7  0 . 96 
0 .05 1 . 4 1  1 . 3 3  1 . 1 3  1 .00 0 . 8 8  

0 . 06 1 . 35  1 . 2 7  1 .07 0 . 93 0 .8 4  

0 . 07 1 . 2 9  1 . 22 1 . 04 0 . 88 0 . 80 
"--""-- " -- "--""--""--" 

TABLE 8 

Run-up on quarryst one , r = 0 .65 

R/H c o t  " 

1 . 33 3  1 . 5  2 . 0  2 . 5  3 . 0  
"--" "-

0 .0 1  1 .3 1 . 4 1 . 5 1 . 6 1 .6 

0 . 02 1 . 3 1 . 3 1 . 4 1 .4 1 . 4  
0 .03 1 . 3  1 . 3 1 . 3 1 . 3  1 . 2  

s = H/Lo 0 . 04 1 . 3  1 . 3 1 . 3 1 . 2  1 . 1  
0 . 05 1 . 3  1 . 3  1 . 2  l . l  0 . 98 
0 . 06 1 . 3  1 .3 1 . 2 1 .0 o . n  

0 . 07 1 . 3  1 . 3  l . l  0 . 91 o .  7 8  
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APPENDIX 
Measurement Techniques 

l Laboratory 
measurement 

2 Field measurement 

Several methods of measuring run-up have been 
described in the literature. The simplest of these is 
direct observation of the waves on the structure . 
Other methods may be divided into those that use a 
visual assessment , and those that use instrumentation. 
The f irst of these may be affected by recording the 
image from a television camera placed perpendicular to 
the slope. The recording may then be played back 
counting the number of run-up crests above certaif�) arbitrary levels. This method was used by Allsop , 
and, whilst slow, directly yields a description of the 
exceedance levels of the run-up. Direct visual 
observation was also used by Kirkgoz (19 7 9 ), but only 
with regular waves . Miller (1968) and Svendsen (1978) 
measured the change in bore shape and celerity on 
shallow slopes using film cameras. 

lnstrumented methods may use either continuous or 
stepped gauges. The type of gauge used is dependent 
upon whether a continuous description of wave run-up 
and draw-down is required, as well as of the run-up 
crests . The gauge type will also depend on the nature 
of the structure surface. Location of a continuous 
gauge on an armoured slope, or mobile beach, is 
particularly difficult , Bullock ( 1 968) and Hawkes (9) 
experimented with dif ferent types of gauge. They both 
rejected continuous resistance or capacitance gauges , 
possibly due to the shallow slopes that they were 
studying. Bvllock, reported by Webber and 
Bullock( 27 , 2 �), used a stepped run-up gauge consisting 
of 40 pairs of probes suspended just above the slope. 
The presence of water at each pair of probes closed an 
electrical circuit , giving a stepped output. The 
large number of probes used provided a near-continuous 
record. This method was found to be reliable, 
regardless of beach slope. 

Ahrens used a similar approach, but his gauge 
consisted of pairs of studs mounted on the (plastic) 
structure slope. St�SB�d gauges were also used by 
Kamphuis and Mohamed\ ! ,  van Oorschot and 
d ' Angremond (25) and Hawkes (9). 

Whilst many authors have studied wave behaviour on 
beaches and structures in the laboratory, f ew have 
made any such measurements in the field . 

Battjes (1971) presents run-up measurements collected 
on a dike of the I jesselake in the Netherlands. Waves 
were not measured, but the distribution of run-up 



cres t s  on a slope of 1 : 3 . 6  i s  presen ted.  The Ray le igh 
probabi l i t y d i s t r i but ion describes the data �el l .  
Sonu et a l  ( 1 974)  measured �aves and swash using four 
ve r t i cal capaci tance gauges on a beach s lope of 1 : 45 . 
Er chinger ( 1 9 7 6 )  measured run-up on a dike of 1 : 6  
s l ope dur ing s t orm cond i t ions . Grline ( Zo) also , 
measured run-up on Ge\"�{ln dikes , and used a s t epped 
run-up gauge . Hawkes �  ) used 50 separate studs on the 
surface of the Wallasey embankment to measure run-up . 
Waves were also recorded . Ana l y s is showed a marked 
lack of corre l a t ion be tween waves and run-up on the 
( shallow) slope s t ud ied . 
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