CHAPTER 66

PREDICTIVE EQUATIONS REGARDING COASTAL TRANSPORTS

by

D. H. SWART*®

I INTRODUCTION

Morphologleal changes are the result of gradients in longshore and onshore-offshore sediment tramsport,
The coastal engineer is continually Faced with engineering problems in which a quantitative knowledge

of these morphological changes is required. For thia purpose predictive equatlons have been developad
for both longshore and onshore-offshore sediment transport, which are being used in practical applica=
tions, In this paper a few of these predictive techniques, as well s one of their typical applicatioms,
viz. to a baachfill problem, will be discussed,

2.  ONSHORE-QFFSHORE SEDIMENT TRANSPORT

2.) gengral

The basics of Swart's onshore-offshors sediment=-transport theory were described in detafl in [14]. A
paper about this subject was presantad at the 1974 Coastal Engineering Conferemce in Copenhagen [13].
Subaequently it had become clear that the computational method described in (14]is too complicatad for
normal use, and that it could be modified to simplify the computations, without affecting the reaults
significantly. 1In the present paper a summary will be given of the basic primciples underlying the
theory, as well as of the modified computational approach uased at presenc. In Chapter 4 the meched will
be applied to a beachfill problem, to illustrate one of its typleal applications.

2.2 Underlying prinaiples

(1) The development in a normal beach profile is charactarized into three dafinite zones, (Figure 1),
each wich ira own transport mechanism, viz.

(a) the backshore, i.e. the area above the wave run-up limit in which "dry" tranaport takes place,
(b) & developing prefile (D-profile) where a combination of bed lead~ and suspendsd load-transport
takes place, and

() a transition area, seawards of the D-profile, and landwards of the point where sediment motion by
wave action is initiated, where normally only bad load tramnsport takes place.

{2) The most basic assumption in the schematization of onshore-offshore sediment trawaport ia that the
developing profile (D-profile) will eventually reach a stable situation under persistent wave &ttack.
This stable situation implies both an equilibriwn form and an equiltbriuwn poaition of the beach pro-
file. This last concept is illustrated in Figure 2, whera the pohemattaed volume of sediment in the
D-profile is plotted as a function of tima. Similar variationd arée found for the different loecations
l_.n the D-profile, thus alse confirming the equilibrium form concept.

(3) The sediment transport rates into (or out of) the D-profile from (or to) tha backshora amd the
tranpirion area (S“(t) and St(t) respactively) form the boundary conditions for the computation of
profile changes in the D=profile. These transport rates were found inm [14] to ba given by :
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-3t
Ee(t) “ o8, W, exp (-5:) ves (2.1)
-8t
and 8,(e) = & W_oexp (—-5:—) e (2.2)
where a_ #nd §, &re the backshore- and transition arsa-coastsl constants and
H, = L, {twe) = L, (=) 5
W, = L, (£=) =L, (Te0) B
e = clme

The other varidbles are defined in Pigure 1,

(4) with the aid of the assumption in step (2) above, the rate of onshace-ofFfghore sedimen: transport

Syit at @ specific losgtion L in the profile at any time t can be shown to be 2 functlon of the differ-
ence between the valued of a profile characteristic P at time £ (P(:)) and time r = = (P(=}),
33,“ G P{=) ~ P(t) wee {2.4)

(see Figure 3)
Experiments showed chat the bast description of the transport Ls found i€ the profile characteristic ig
taken to be & horizenca] length in the profile Ly = L)y

B
1
Spic * % (;;) My = Ly =1y . vee (2,5)
where Vs and Ty are trangport coefficients  snd
14
Ly = L)y, = W cen (2,8)

The meaning of (L2 - L])it and the geomstry of the beach profile at time t is dafined in Figure {.
Relationships are presented in [13], whereby a_, (& i}'a ) and ui, a3 well as the limite of the
D-profile (i.e, the area in which equation (2.5) {s valid) can be found in terms of the boundary con-
dicions,

(3) A subsequent srudy of the glven relationships indicated that the copputation of rime-dependent
profile development can be significantly improved and simplified if it can be assumed that at each lo-
catlon i in cha developiag profile the same fraction £;p of the total tramsport (,g” syn de) of sedi~

ment passing that location untfl time t = @ | will have occurred at any given time £, i,e.

L 8 dt .
a_ yit
Eit = j;w s ae{ ™ Ep = constant for all locations { in the developing
o Tyit profile at time k. v (2L

The results of morphological tests with durations In exceas of 1 000 hours, given in Pigures 4 and 5,
show that the above—mentioned asaumption (equation (2.7)) is a gaod enginsering approrimation,

(8) With the primciple of continuity of mass, and by using steps (1) - (5} sbove, it i{s posaible to
derive anulytical expressiond for the time variation of the leagth ""1 - LI)i: and the sediment trans-

port, viz,
(Lz - l.l)ir mM g {Hai + Kt:i) exp (-Xht) eer {2.8)

syit - .Fi- (Kel. + K:i_J exp (—th} e (2,9)
t
el
Yic ‘{o Sgre 98 = 5y (K + k) 1 (L - exp () e (2020
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Substitutien of equation (2.10) above into equation {2.7) yields an cxpression for £, s

£, 0™ :‘:-;w {-th) o ' e
e e
where K. = vaa (2,12)
ei =}
6li(}(.b Ki-l)
K o
=1
GZi(xb Ii-l) e 02013
5, s,
);b Sl wow (2.14)
e t
§ a, .
% X e (215)
1i 721

(7) The theory is valid, nat only for perpeadicular waves, but also for oblique wave attack. In the
latter case the transport coefficients ayi and W are increased, to allow for the effect of the in-
crease in shear dtress at the bed, due to the pregence of nearshore currenta, gemerated by the oblique
waves, The data used to derive the relationship for the increase in ’yi and aym, &8 presented in [14]
and [13], was derived from model tests in which & atrong rip-current formation was found. A subsequent
study into the effect of the rip-currents on the increase in offshore transport, showed that the in-
crease in transport, which is due to the presence of longshore currents alene, can best be written in

terws of the increase (due to longshore currents) of the sediment mobility P (refer to [17) and [ 1] 3},

(s ')wc (Fi)uc (2.16
.(JL#. - e cer (2.18)
Byi)w Fi:)u {see Figure 6)

whers Fi is the sediment mobility at location i and the subscripts we and w refer to combinad wave and
current action and wave action only respectively.

In order te comply with sctep (5) sbove, the meam value of equation {2.)6) over the whole area of pro-
Jile development will be applied to all transport coefEicients,
:_S.Li;‘i“: - (:ii““ wuiw (B1TY
Fy

syi W

Keeping in mind the normal uncertainty factor in the eualugtion of sediment transport data, it can be

stated that the validity of equations (2.16) and (2.17) is proved by the data in Figure 6.

2.3, Repregentative vave height

The theory described above was derived and verified for regular wave attack. In order to make it
generally applicable to prototype cenditions, the affect of irregular waves on the theory must be
known., The irregular waves will affect nat the underlying principles, but the empirical prediccive
equations which will be described in sectionm 2.4 below.

Observations showed that the higher waves in the wave spectrum will define the profile limits described
in section 2.2, step (1) above, The lower limits of the D-profile and tranaition area rvespectively
are both found by using the significant wave height in the empirical formulae derived for cegular wave
attack, whereas the upper limit of the D-profile is found from the regular-wave formula by using a

wave with a height twice that of the significant wave height

If {r is assumed that the tronsport-formulae are still applicable in the transport zones defined by
these representative wave heights, the single representative wave height which will yield the same
resultant transporl as the spectrum, can be computed {rhe wave heights are assumed to be Raleigh-
distributed),
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The formulae for irregular wave attack, derived in this manner, and those for regular wave atrack, will

be given in section 2.4,

2,4 Predictive_equations

The various equations needed for the application of che thecry In section 2.2, will be summarized balow

for the sake of convenience.

2.4 Limits of profile development (refer to Figure 1)
The wpper limit of the backsfiore is chosen at the highest level From which sediment can be eroded indi-
rectly by wave actlon,
h, 18 chosen
uppar limit D-profile :

HG.488 TO.S‘J
mo
fi o ?65(1[)50 [1 - exp (-0.000143 5y 1 ey {2,18)
Psg
where B = maximum wave height in the spectrum = Zmo)sign. i T ls the wave period and Dso ig the
median particle diameter, For regular wave attack, such as in small-scale hydraulic models, Hmn - Hn'
lower Limit D-profile
0.473
o’ gign.
hy, = 0.0063% ) exp (4.347 T__LBD.SBADG. ~§§-) o (2,19)
50

wvhere Aﬂ is the deepwater wave length. For regular wave attack (Ho)sign = Ilﬂ.

lawer limit tranaition areq

The maximum orbital velecity ab the bed at the locacion where initiation of sediment movement takes
place (uSEGA.R)‘ is Found from the following Formula, which represents the weighted mean of a4 number of
different 4nitiation of movement-Formulae. [12], [16],

0.38 ,0.043
Yeroan * 4,58 Dy T e (2.20)

The depth at which thie veloeity occurs is h.+ The corresponding wave length is ).t. The first arder
wave reprasentacion of the orbital velocity can now be used to abrain a value For ht.llt, whereafter
it follows that 3

hy he
lig: 5 An <T:) tanh (2rr(rt) ) i (2,210

I tha case of irregular wave attack the significant wave height should be used for the computation of
(htMc]. Finally, with the aid of equations (2.18), (2.19) and {2.21), it Eollows that :

6& - Wl l\n e (2,22)
§ = hy * hm ver (2.23)
8, =h -h v (2,24

(see Figute 1)},

2.4.2 Equilibriwm profile characteriatics (refer to {14] and [13])

The computation of the equilibrium lenmgth W is subdivided inzo two partas, viz, :
(1) the computation of a reference value L (-Hi at the still-water level), and
(2) the computation at all other locations in the D-profile of the ratia Hi'mz‘
e (1)

i5E o 103 p .06 0 a.39

by
i 50 (3 =3 .0
e L 0.1 x 10 {EJ ces (2.25)
! :
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§
W - e _—
¥ Zmr
In the case of irregular wave attack, equation (2,25) is rewritten as :
121 % 107 pte08 (403
w = P 4022 %107 et
? ADO' H, aign eas
re (2)
For any location i in the D-profile the ratio Wi./Wr is givea by @
4
- 7 2 ,1,36 x 10D
wi,fwr D.'Mr + 1+ 3.97 x 10'b DSD Ar 50 -
ore R Sl
¥ T 5 3 v
and b=10; Ar <0
1 & Ar >0

With the aid of equations (2.25) - (2.30) sbove the form of 'the equilibrium D-profile, measured
tive to the position in the prafile where Gy =0 (see Figure 1), can be written as ;

Vi =W, (20 22 =04+ 2) 2 ¢ 2 (1 - 200(h_ - BF
2 (2t -2 - 0 e (20 - 0] i
where hr -hmfﬁ P
z = 62if6 "
Q = 0.7 hr + 1 i
7 2
P = 3,97 x 10" b DSD i

4
E 1,36 x 10 D50 e

(2.26)

(2.27)

(2.28)

(2.29)

{2.30)

Tela-

(2.30)
(2.32)
(2.33)
(2.34)
{2.35)
(2.36)

The equilibrium slope O, of the deposited material in the transition area can be found from the

equation of Eagleson et al [ 6] :

2z,
Yot :
¢
J d 4.2
By 4202 3 (In (0.01335 - 0.0161 §) + 0.7271 G
hmn‘u
+ 1,206 (3 - 1.50)
(<
thy, + 021

(2.37)

(2.38)

where AZ, is a depth increment and AL_ is the horizontal distance in the equilibriuzm depositional

profile between the depths bracketing Azt.

The values of the gchematized recession of the backshore (W) and the achematized growth of the
aition area (wt} can be found by drawing up equations for :

{1} the conservation of mass (re Figure 7a)

{2) the geometrical form of the equilibrium profile (re (Figure 7b), and

(3) the distribution of the gediment in the transition area at equilibrium (re Figura 7b}. The

tran—
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reason why three equations are necessary to solve for the two unknowns ue and "’1:' is that 5“ (see

Figure 7a) is algc an unkaown.

2.4,3 Coastal gonrataits {see {17]}

At the elavation where &Ii = .56, the velue of Bys approximates By VEEY cloaely, L is given by :

] (H ) .661-0.079
50 ; 0.78 , 0.9 ~1.29 [‘Holay
b T e (10,7 za.q{cuuaso 3,0 ogg (—wﬁl‘)z } 1 e (2.39)

where tﬂo)jo is the median deepwater wave height and (H‘__‘Jﬂ:.L is the significant deepwater wave height,

g

In the case of ragular wave attack, both (HQ)SO and mo)sign

With the eid of saction 2.2, step {3), it follows that :

s 8 (g = ¥y);
.(e _(t » 2 i'io €
R R {“u YO )t

are replaced by Ho.

ce (2040)
with a8 a result
T T TS et 1L W S Sl o/ Ba LI TS —
= L = 1 e 0
8ym 52 “hm ¥ (YZ Yl>mo (!"2 Yl-}ic
8 &
where Voo = G50 Wy + G W, el (2042)
i 24

Ura =¥y =¥ By - Ly, cee (2043)

Subseript @ refers to middepth (Bli = 0.56) and subscript o refers to time t = 0,
The characteriatic quantities Kai and K:i can now be found from equations (2.)2) and (2,13) respectively,

2.4.4  MobLlity mumber
(for 2 more detailed description of the mobility number and the following equatiana, reference should
be mada to [15] and [17] ).

() {————ﬁv' Lue
F -
_ cee (2,84
e " o 8, D) | )
7t M2,
g & oty e {2:83)
Gy Gy (B Do)
£y b
shere Vo @ [n 1 (-“v—")z}_ ' cer (2.46)
1
, £,
€0 = 1% e L vee (2047)
Gy [rs log (i%—i)} i er (2.48)
10 d
G - I8 leg GG—=) " i
bl { Dys ] vee (2049)
a, -0.194
” - {uxp (=5.977 + 5.213 (™) )}
L cee (2,50

GE£,:>035 £, =0.3)
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r = hydraulic bed roughness
[
- x
25 At (Y;) eee (2,51)

(See Figure 8)
a, is the orbital excursion at the bed, A, is the ripple height and kr is the ripple length.

n “ | - 0,2432 In (Dgr) {with 0 €n g 1) oo (2,52)
8 As /3

Dsr - (_.V_Z,) Dyg e (2,53)

DJS = particle diameter which is exceeded in size by 652 (in weight) of the total
sample.

In the case of irregular wave attack the median wave height (Ha)ﬁo should be used in the equations
(2.64) - {2.50).

2.5 Computational Method

The computation of timg-dependent profile changes (Y;.) and onshore-offshore pediment transport rates
Syit‘ as well as of intagrated onshove-offshore tromaport ratas (Jzt syic dt) up to any time t, can
all be performed by vsing the following simple procedure :

1) compute the squtlibrium condition,

2) compute the value of the fraotion E; as a function of iime with the aid of section'2,4,

1) combine 1) and 2} to predict time-dependent conditions,

In the case of proftle-prediotion, the location of the equilibrium profile cam be predicted, because
the initial profile is given and the equilibrium profile form as well as the values Wa and Fv‘t can be
computed from section 2.4. The position Yit of the profile at elevaction Zi and time t is thea given by:
Yo omo X, £ (Y - Y) voe (2.54)
SE & Eito L (see Figure 9)
In the case of transported-volume prediotion the total volume of cranaported material up to time
)
¥

of sediment transported past the location in the profile with elevarion Z;s tan be computed Erom :

oo

) can be computed Erom equation (2,10) by putting t = ©, whereafter vyit' the total volume

v)—it h ft vy)‘;ﬂ eon (2.55)
The onshore-offshors sediment transport raté at location i can also be found in terms of inm and £ :
syit - vyi@ Xb (1=~ fc} i (2.58)

3. LONGSHORE SEDIMENT TRANSPORT

3.1 General

Longshore sediment-transport conputations can be used, either to gais an insight inte the overall
sediment budget of an area, or to study detail problema (such as deposition of sediment in an entrance
channel to a harbour). The total sediment load at various looatione will be needed in the first case,
whereas the veriical digtribution of sedimant load (and specifically the division between bed and
total load) will also be needed in the second case.

The available formulae for the prediction of longshore sediment transport rates can be classified inta
two groups, viz. i
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(1} overall predictors, such as the SPA-formula and the Galvin-formila, and

(2) detaZl predictors, such ss the Bijker—forrula and the analogous SWANBY-method.

When a prediction of longshore pediment transport rates hag to be made, it is useful to perform the
computations with two or more of the available formulse, and to base the final pradiction on the out—
come of all the resuits cbtained, In this chapter & detail-predicter method (SWANBY) will be described
in detail, as well as a modified veraiom of the SPM-predictor, which is usad to back up the detail~

predictor results,

3.1 Ouerall predicters
Although the overall predictors are by definition only applicable in areas with negligible longshore
gradients, and cannot be vsed o obtsin reliable astimares of the longshore transport rates in areas
with strong longshore cidal flow, they can be useful in assessing the overall longshore sediment bud-
get in an ares, As such they ¢an be used in conjunction with the detail predictors,

The SPM-formula, which relates the overall longshore transport rate Sxtot to a quantity resembling
the longshore component of the wave-energy £lux, [s the best-known overall predictor available,.This
SPM-relationship can be vewritten to read :

)2

2
2 Al i{r sln Bb cog Bb) iis (3D

{see [19])
where Kr is the refraction cosfficient, Bh is the sngle betwean the wave crest and the shoreline at

sxto 4 - Kﬂ (T (H

wave breaking, and K s & coefficient which is assumed to be conatant.

However, as lighter materisl wilk be transported more readily thas heavier materials under the zame
wave eanditions, it is to be expecred that Kn will be a function of the grain aize of the bed materigl,
A re-evaluation of the data given in (19] and [ 3] yielded Figure 10, From which a clear tendancy can
ba geen for K to vary with grain size, Although a steeper curve is to be expected intuitivaly, the
data suggpests Ku to vary as :

4 0.00146 =3 =3
Ko = 3565 x 10 lag By 3 Eor 0.1x10m <[:|50 < 1,0xi0m N

Equations (3,1) and (3.2) are normally used to back up computations performed with the decail predic~
tar, which will be described in section 3.3.

1.3 Detall predictors .
3,3.1 Underlying pringiples

In 1966 Bijker [ 2] published a method for the computaticn of the langshore sediment transport at any
specific location in the comstal environment, which constituted a major breakthrough in Coastal Engin-
sering, Bijker assumed that it will be possible to uae, in the coastal environment, a sediment trans-
pore formula which had beea developed for uniform flow conditions, provided that the shear streas

terms in the chosen formula are adapted to incarporate the effect of the wave acrion. He chose as
besis for this edaptation the Earmulas of Frijlink, which was at the time a much-used Formula in rivar-
flov problems in the Netherlands. Although the vesulting Bijker-Frijlink equation sometimes yielded
untealistic results, it has been uaed since Lhen with a reasanesble amount of success in numeraua
applications in the cosstal enviromment, However, the lnaight inte the fundamentels of sediment trans~
portation under wave action has increased over the past decade. Furthermore, varfous evaluations of
the available predictor methods revealed recently ([ S}, [ 7], {18], [20]) that there are more reliable
mathads for the computation of sediment transport under uniform flow conditions than the Frijlink~
cquation, which can afso be used over s wider range of boundaty condltions. Therefore, a new pre-~
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dictor method was develaped by Swart [15]) under the ausplces of the Coastal Sediment Group of the
Dutch Applied Coastal-Research Programme, for application in the coastal enviromment.

The basic differences between the new technique (called the SWANBY-method) and the old Bijker—Frijlink
approach will be discussed below,

(1) The Frijlink-formula, used in the original approach, is a bed load formula. The total load was
computed from the bed load by adding the sudpended load, as computed with the aid of the Rouse/
Einstein deacription of the vertical distribution of suspended sediment. The thickpess of the bad
layer is in such as approach an Important parameter in the determination of rhe toral load. Due to
the uncertainty in the definitlon of the layer ip which the bed load takes place, it will be more con-
venlent to choose a total load formula as basis Eor computations in the ccastal environnent. 1f
neceasary, a definition can then be made of a bed layer thickness, and the amount of sedimenc trang=

portad in that layer can be computed.

(2) various comparative iavestigations [ 51, [ 7}, [18], [20], showed thar the two most relisble
total load formulae available for uniform flow conditiona, sre those of Engelund-Hansan and Ackera-
White, Both these Formulae give comparable results over a wide ramge of boundary conditions, the

oaly exception being cases where the sediment transport rate was low (near initiation of motion). In
such cases the Engelund-Hanaen method over-predicted the transport rates, where Ackers-White showed

a good comparison. Engalund-Haneen will thus not ytald propar acale velationahipa, that can be used
for the scaling of three-dimensional small-scale models, For the ahove-mentiened reasons the Ackerd-—
White approach was chosen as the basic theory, which was to be adapted for use in the coastal environ-
ment.

(3) When evaluating the shear stress at the bed due to combined wave and currant action, Bijker
agsumed the orbital velocity u,; at the edge of the viscous sublayer to be :

. are
ug " Py, sin (—T—-) oo (3.3)
whera Py = constant = 0.45 (see [ 2])

Ic ls, however, to be expected that the effect of the wave motion on the shear stress will vary wich
a variation in the flow regime at the bed. Jonsson [ 9] defined the flow ragime at the bed in terms
of the ratio a.n,'r where r ig the hydraulic bed roughness and a the maximum wave particle excursion
at the bed. Using Jonsson's work, it can be shown that

L PR sin (2—,1;5-) v (3,4)
b ¢ E")b (3.5)
whera P - e .
. 27

Ch is the Chezy~roughness value and fw is the wave friction factor.
In the SWANBY-approach equation (3.4) was used imatead of equation (3.3).

(4)  In the Bijker-Frijlink approach the hydraulic bed roughness was tsken equal to ppe-half the ripple
height. A subsequent study [15) has shown the relacive roughneas (rfﬁr) to vapy wich the cipple stecp-
ness ar“r (see Figure B). This was used in the SWANBY-theary, It was ghown ln [|5] that the thick~

ness of the layer near the bed in which vortices (fllled with sediment) are Formed and diffused, is of
the same order of magnitude as the hydraulic bed roughness r. The thickness of the layer in which bed

load takes place was thereafter also assumed to be equal Lo the hydraulic bed roughness ¢.

(3) A comparative study of the various methods for the computation of the wertical distribution af

suspended ged{ment (Eszr) in the coastal enviromment (l5]showed that there is little difference
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petween the prediction of Ezfﬁr by various thearies. The baat correlation with daca covering a wide
range of boundary conditions in the cosstsl povironment was, however, obtained with a theory in which
the diffusion coefficient for solids € vas araumed ta vary Iinearly over the depth. The correspond-

i iati c /3 iaa
ing variation in czlc‘

ﬁIINGI
]
ire

wov (3.6)

..,

where by is a constant for each specific suspended sadiment distribution over the depth,

With the assumption of a logarithmle vardation in veloclty over the depeh, equation (3.8) yields an
expression far che awount of suspendad sediment which s transported, which ls gaster to apply than
any of the other approaches tested, Dua to these reasons it was decided to use equation (3.6) in the
SWANBY-method instesd of the Rouse/Rinstein appraach.

In Figure I longshore sediment transport rates, measured in a small~acale model, are compared with
predicted transport rates, ad glven by the Bijker-Frijlink and SWANBY (Adapted Ackers-White) formulae,
It is obvlous that ths SWANSY-method ahows the better comparison with the data,

3.3.2 Predictive_sguationa
The cquations needed for the applicatlon of the SWANRY-method for the computation of the longshare
sediment transport, will be given below,

total Toad
Tha total lengshore sediment transport SK: (bed plus guspended load) at any specific location is
given by
€ n =n m
! ! G
S " (T:E) D35 v (;T) I!-lc ;; @uc - a} aea (3,7)
iake (Il—p) = determined by the povesity af the bed, normally taken = 1.45 snd v = uniform curcent
velocity in the langshore direction. The values of Ch, Iwc’ ch and n are defined in section 2.4.4
(equacion (2.44), (2.46) - (2.53) ). Furthermore
G.66
S o L s (5HY
Br
0.23
A = + 0,14
.D._I. ver (3.9)
8T
: 2
c = exp | 2,86 in (DE‘:) - 0,4343 (1ln (ngr) 3¢ - 8.128) e £3010)

The hydraulic bed roughness r im velated to the ripple dimensions as given in equation (2.51). The
ripple dimenaions can either be kpoum from observations or he computed from ane of the available
methads {far instance[11) and [I5] }.

bed load

The bed load can be computed fyom equation (3.7) and points (4) and (5) in section 3.3.1 above, viz, :

" :

S, = lg—7%7 8
xb K.b*«KJ Xt e (2011
where K o= 1l (gii for by = |
a

| ﬁﬂ (‘-b,
and L (T—_H-b“l-) a- h' (;,—} ) for b i eon (302)
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- 912d d
Ka 0,205 1n (—;__»-»«—J in (?) for bl -]
-2 4 300 v AP
and K, o= 0.41 (1-b) [{1=0)) ({;) ln () = 3.4) + {l—c-r-) 1 far b oA
2 (3013
b was Found empirically to be [I5] :
0.9 | 0.013 (—%—)
b, = 1.05 (—t—) & K Vaae v (3,14)
1 K Vs d k

3.4 Represantative wave height

The gingle representative waue, which will yield the same vesultant longahare sediment transport as
the complete wave apectrwm in the cade of irvegular wave pttack, will again be & function of the
boundary conditions. By assuming (1) a Raleigh~distributed wave height apectrum, and (2) che super-
position of the transporte generated by the individual waves in the spegtrum, A repregantative uave
hetght H_ was computed for the éwANEY-de:ail predictor in the same mapner as in Chapter 2,

A design curve is presented in Figure (2, whereby it becames poseible to determine the represaptative
vave height 2 in terms of the rms ~ wave conditiona. The representative height varies between Lhe
median wave height (KSD) and the sigaificant wave hsight (Hsign)‘ with a tendency towards Hsign at the
lower transport rates. Seeing that the lower waves in the spectrum will not transport sediment as
readily in cases near the iniriacion of motion, this tendency is to be expected.

The single representative wave height for the SPM-overall predictor is by definition the rms wave height.

4. APPLICATION
4.1 Ceneral

Normally the losses from am area which had been repleniahed by a beachfill, can be estimated by using
methods which are based on the grain eise disiribution of the borpow and native material only. The
three most-used formulae in this category are those af Krumbein-James [10], which {s suggested for use
in the Shore Protection Manual [19], Dean [ 4] and Jamss [ B},

The Krumbein-James and Dean methods predict an ovapfill ratfo, i.e. the ratio between the wolume of
sediment that has to be placed in order to retain the deaign volume and the raquired design volume

of sediment in the £111. The Xrumbein-James mathod agsumes some portion of thie botrow material (which
has the same grain size distribution as the native material) to be absalutely scable and to stay on
the beach indefinately, whereas the rest of the borrow material will be lost., The Dean-mechod, on the
other hand, assumes that the borrow material which {s coarser than the native matavial will not be
logt.

James assumes that no material is obsolutely stable, and that fine material is less stable than coarse
material, He then computes a relative retreat rate, which is basically the ratio between the ioss
rate of the borrow macerial in tha £ill and that of che native material in the original beach profile.

In order te allow the comparison of the losses, as predicted by the techniques described in this paper,
and those given by the above-mentioned three beachfill methods [10], [ 4], [ 8], the Following two

definitions were made :
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{48) (L 5)
Overfill Ratio (SEGAR! = s h“’"""v % Baregy
Eill ver (Ba1)
e (&5 5) + (4 s)
s s
Relavive Retrear Rata (SECAR) = g y)bc’““" TR )b"“‘“‘
y native X native wes (4.2)

where (4 Sy) and (A SK) are the losses in the offshore and longshore directions respectively, and
inll is the volume of sediment placed in the heachfill, When c:c»mpul:mg (48 ) it ghould be kept in
mind that the dimensions of the transport ratea §_ in chapter 2 are m flm's. uhile those in chapter 3
(Sx) are ms,’s. In equations (4.1) and (4,2) sediment is considered lost when it moves cut of the area
in which it waa placed, i.e. that volume of sediment which has to be replaced in, For inatance, an
@mually recurring replenishment. Due to tha fact that the sediment moved im the offshore direction
will eventually build a nev equilibrium condition, which will conform to the borrow material and the
wave climate, the anmual losses, i.e, the required recurring replenishment, as charactaerized by equa—
tions (4.1) and (4.2), will gradually diminish with time. The present ealculations only show the
loases during the firac replenishment perlod. The longshore losses were computed by both the SWANBY-
detall predictor methed and the SPM-~overall predictor, whereafter a representative loss was computed
from these two figures,

Due te the Fact that both the overfill ratio (SEGAR) and the relative rdtveat vata (SEGAR) are time=
dependent, a time-duration of 10 days was chosen as basia for the comparison, during which time one
wave condition took place. When doing an actuasl heachfill dasign, the wave conditioms in an average

year should be applied gonsecutively to the gradually developing profile.

4,2 Beachfill characteriatics

A typical beach profile for Natal (situated on the South African east coast) was taken as the initial
profile for the computations. The geomervy of the initial profile and the two beachfills, as wé]_)_ as
the grain size characteristics, are given in Figure 13, As can be seen, six different cases result,

G orrou = /10 and 1/5, each wich Doy = 200 x 1075, 500 x 1078 and 1000 x 107%n, 1t vas assumed
that the haachfill has 4 longshore length 1 = 1000 m, and is situated in an area with ne updeift
supply of sediment. Wo gradients initiated by the placing of the EL1l itmelf, will be considered, i.e.
edge effects at the longshore extremities of the Fill will be neglected,

viz,

The wave condition in the area was taken to be :

- - . - o
(Hc)sign = 2m; T 108 ; Bb L ¥

4.3 Disoussion of reaulte

The computed logses, ama glven by the various methods, are represented graphically in Figure 14, The

follewing genmeral obgervacions regarding thea results are ralevant ;3

(1} The beachfill methads of Krumbein-James, Dean and James are all independent of the profile geo-
metry, whereas the Krumbein-James and Dean mecthods are also independent of the wave climate. In che
James-method the wave climate can perhaps be included via the choice of the measure of selectivity of
the sorting process & (as defined by James [ 8]), Both the wave climate and the profile geometry do,
however, influence the losmes, Consequantly, tha above-mentioned three methods can anly be used to

obtain comparative results for various possible borrow materials.

(2} 1If all cthe consecurive wove conditions in an average year are taken into account, the resultant
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losses will be lower than those given by the higher waves only, due to the fact that the lower waves
will initiace an onahors sediment movement.

(3) Both tha relative vetreat rete (as given by Jamea) and the averfill ratic (as given by Krumbein-
James and Dean) are equal to unlty in the case of a borrow material which ls identfoal to the native
material, The method presented in this paper (called the SEGAR-method) yields higher values of both
the relative retreat rate and the overfill ratio (of approximately 2) in the case whare the native and
borrow matetrisls are identical, Thia higher loss rate seems logical, seeing that the initial profile
with £ill is steeper than the initfal profile alone (see Figure 13). Offshore losses will thus in-
creage (re chapter 2).

(4) The relative retreat rates predictad by the Jamea—method are appreciably smaller than those pre-
dicted by the SEGAR-method, for all values of DSD except 550 = 200 x |o“6m, A atudy of the original
paper by James vaveals thet Lf A = 1.0 as suggested in [ B], the relative retreat rate is actually

< 1 for 330 x 10 “8n < 0] < 1000 x lO'ém. which is unfessible £rom a physical viewpoint.

i )bo::rnu
For (DSO)borrnw <200 x [0 "m, on the other hand, the relative retz;nt race Rh increages drastically
to complately unrealistic values (for {nstance, for DSO =~ 100 x 10 "m !’!% = 3,23, Oy = 1,08 :-
Rh = 6.8 x !O] LE A= .6 and Ry = 9.2 x 104 if 4 = 1,0), As was already pointed out by James [ 8],
the relative retreat rate is very dependeat on the value of A, As A ls mostly unknowm, this repre=

sents & serious restriction in the applicability of the theory,

(5) Tha overfill ratios predicted by Dean and especially by Krumbein-James for values of s

<500 x |a'6m (in che present illustration), are exceedingly high. The Dean-method seems to have the
soundeat physical background of the two methods.

(6) The SECAR-method described in the present paper can, if neceasary, be used to obcain the relative
losses in the offshore and longshore directions respectively, as the transports in both these direc-
tions are alveady computed. This is not possibie for the Krumbein-James [10], Dean [ 4] and Jumes

{ 8] methods,

k.4 Coneluding remarkg

Although the SEGAR-method, which takes into account the local wave climate end the geometry of the
beachfill, is more complicated to apply than the other three beachfill methods [101, [ 4] and [ 81,

it ylelds results which seem to be more comparable with the known prototype behavieur of s beachfill
area, than the results given by [J0], [ 4] and [ B8]. It 14 accordingly suggested that tha SEGAR~-
method is used for beachfill design. Back-up computationa, yialding comparative rasults only, of
both the relative retreat rate and the overfill ratio, can ba made by using the Jameda-methed (provided
that an appropriate choice of A can be made) and the Dean-method respectively, The Krumbein-Jamea
method generally over-predicts the overfill ratio, and is not recommended for use,

5.  SUMMARY

Predictor techniques have been presented, wheraby it ia posaible to compute onshore-offakore and
longshora sediment tranaports respectively, These respective techniques cen be used in combination

to compute sediment losses in numercus applicationa. One such application, viz. to a beachfill problem,
wag described in detail. The resulte were shown to be realiatic.

A compariaon of computed resulte with aotugl fiald measursmante st a beachfill location will be the
logical next step in the testing of the techniques,
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