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Abstract 

Natural beaches exhibit an equilibrium profile that is planar 
nearshore and non-planar, concave-up offshore.  The longshore cur- 
rent on these Dean equilibrium beaches is shown to depend on the 
location of the intersection between the planar and non-planar 
profiles and on the dimensionless mixing strength parameter if the 
eddy viscosity coefficient is linearly dependent on the distance 
offshore.  The effect of the profile intersection on the longshore 
sediment transport rate is demonstrated for two energetics based 
sediment transport models; viz. the Bagnold and energetics stress 
models. 

Nomenclature 

a 
A 
b (B) 

4 
d (D) 

Gp(np} 

h (H) 
iK2) ^mp 

y> <y» 

p(np) 

local wave amplitude; 
dimensionless coefficient for Dean profile; 
dimensional (dimensionless) horizontal distance 
offshore to profile intersection; 
wave celerity (group celerity); 
dimensionless friction coefficient for bottom 
stress; 
dimensional (dimensionless) total water depth 
including wave setup/down; 
gravitational constant; 
dimensionless constant for planar (non-planar) 
beach profile; 
dimensional (dimensionless) still water depth; 
dimensional (dimensionless) sediment transport rate 
for Bagnold (stress) model; 
modified Bessel function of the first (second) kind 
of order v; 
linear wave theory wave number; 
dimensionless longshore sediment rate coefficient; 
wave length; 
roots for planar beach solution; 
linear wave theory group velocity ratio; 
dimensionless constant for eddy viscosity; 
dimensionless mixing strength parameter for planar 

(non-planar) beach; 
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R dimensionless transport rate coefficient; 
s, S planar beach slope; 
s radiation stress; 
T wave period; 

magnitude of linear wave theory bottom velocity; 
'(V) dimensional (dimensionless) longshore current; 

x, y, z        Cartesian coordinate system with z positive up from 
the still water level; 

x horizontal distance offshore to origin of concave- 
up profile; 

5 dimensionless argument; 
n water surface elevation; 
9 local wave angle of incidence; 
< dimensionless wave height to water depth ratio; 
u dimensionless eddy viscosity coefficient; 
IT constant; 
p fluid mass density; and 
x^y bottom shear stress. 

Introduction 

Analytical solutions for longshore currents have been obtained 
using the concepts of radiation stresses developed for planar 
beaches (Bowen, 1969; Thornton, 1970; Longuet-Higgins, 1970a,b) and 
for non-planar, concave-up beaches (McDougal and Hudspeth, 
1983a,b).  In the nearshore zone inside the breaker line, the non- 
planar, concave-up type of beach profile seems to be generally more 
applicable to storm or to other high wave energy conditions.  How- 
ever, Dean's analysis (1977) of a total of 502 different non-storm 
beach profiles along the Atlantic and Gulf coasts of the United 
States seems to support Bruun's earlier postulation (1954, 196 2) 
that beach profiles are typically non-planar, concave-up and vary 
as the horizontal distance offshore raised to the two-thirds 
power.  Unfortunately, the Bruun type of non-planar, concave-up 
beach profile exhibits a mathematical singularity in the beach 
slope at the origin which is usually located in the swash zone. 
Evidently, the offshore bathymetry analyzed by Dean (197 7) did not 
contain enough bathymetric data sufficiently close inshore to this 
swash zone to better resolve this concern for the mathematical 
singularity in the beach slope for a concave-up profile.  In con- 
trast, the nearshore observations of Komar (p.c.) seem to support 
the theory that non-storm beach profiles do not exhibit a singular- 
ity in beach slope near the swash zone and are often planar for the 
nearshore portion of the surf zone.  One possible resolution of 
these two apparently conflicting observations is that typical 
non-storm beach profiles are planar nearshore and non-planar, 
concave-up offshore.  Dean (p.c.) has recently derived a physical 
explanation for a planar nearshore profile.  This type of composite 
beach profile that is planar nearshore and non-planar, concave-up 
offshore is probably more realistic of the actual type of beach 
profiles that exist during non-storm conditions and will be called 
a Dean beach profile. 
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An analysis is presented for a Dean beach profile that is 
planar nearshore and non-planar, x '  concave-up offshore.  The 
analysis utilizes the radiation stress concepts and incorporates an 
integrated, turbulent Reynolds stress tensor that is approximated 
by an eddy viscosity model.  Although there has been some concern 
expressed about the justification for the various mathematical 
forms used to represent the turbulent eddy viscosity coefficient in 
the dynamic equations of motion (Battjes, 197 5), the analysis by 
McDougal and Hudspeth (1984) of seven different mathematical 
expressions for the turbulent eddy viscosity coefficients demon- 
strated that numerical results are relatively insensitive to the 
exact form of the mathematical model used for non-planar, concave- 
up beach profiles.  For this analysis, the mixing length scale of 
the turbulent eddy viscosity coefficient is assumed to vary 
linearly (Longuet-Higgins, 1970a) with the total water depth (i.e., 
still water depth plus wave setup/setdown).  This assumed mathe- 
matical form for the mixing length scale of the turbulent eddy 
viscosity coefficient results in a relatively more tractable ana- 
lytical model for both the planar (Longuet-Higgins, 1970a) and for 
the non-planar, x '  concave-up Dean beach profiles (McDougal and 
Hudspeth, 1983a).  The effects of the location of the intersection 
between the planar nearshore profile and the non-planar, concave-up 
offshore profile (i.e., x = b) is examined in some detail by vary- 
ing the location of this intersection between the two profiles. 
Specifically, the profile intersection is located inside, at, and 
outside of the breaker line.  Both the Bagnold and an energetics 
stress model for the longshore sediment transport (McDougal and 
Hudspeth, 1983b) are used to demonstrate the effects of the loca- 
tion of the profile intersection on the longshore sediment trans- 
port rates. 

Dean Beach Profile 

Figure 1 illustrates a Dean beach profile that is planar near- 
shore and non-planar, concave-up offshore.  The horizontal distance 
offshore to the intersection between the planar and non-planar 
profiles is located at x = b.  Although the intersection between 
the planar nearshore profile and the non-planar, concave-up off- 
shore profile is shown in Fig. 1 to be located inside the breaker 
line (x = b < x„), it may also, in general, be located either at (x 
= b = Xg) or outside of the breaker line (x = b > Xg).  The still 
water depth, h(x), for the composite beach shown in Fig. 1 is given 
by 

h(x) 

ah> 

; x < b (la) 

x )2/3 ; x > b (lb) 

where s. is the planar bottom slope; o..   is a dimensional coeffi- 
cient of proportionality having dimensions of length raised to the 
one-third power; and x is the location at the still water level of 
the origin of the non-planar profile.  The horizontal distance 
offshore to the origin of the non-planar profile, xQ, and to the 
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Fig. 1 Definition 
sketch for Dean profile. 03 ^ 

a  3 

r 
 *3" 

b —' 

a. 

PLAN 

intersection between the 
planar and non-planar profile, 
b, may be related to the 
planar slope, s^, and the 
dimensional coefficient of 
proportionality, a.,   by 
requiring continuity of 
depth, h(b), and of profile 
slope, dh(b)/dx, at x = b, 
i.e., 

b I    = (b-xn) 

9 (b-XQ) r" * 
where 

I - (sh/«h) 

which gives 

b = 4/9 f 

XQ = 4/27 f 

PROFILE 

l/3b 

McDougal and Hudspeth (1983a) have shown that the wave-induced 
setup/setdown, <n(x)>, profiles are given by 

3_K_ 

(8+3K 
[h-h(x)] 

A„ 
16 

<n(x)> =< 

a(x)ka(x) 
2sinh 2kh(x) 

; x < x„ 

; x > xB 

(2c) 

(3a) 

(3b) 

1 

(4a) 

(4b) 
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where <•> = time averaging operator; a(x) is the local wave ampli- 
tude; K - 2a(x)/[h(x)+<ri(x)>] is the constant of proportionality 
inside the breaker line between the local wave amplitude, a(x), and 
the total water depth, d(x) = h(x) + <n(x)>; and the local radian 
wave number, k = 2TT/L, is determined from linear wave theory 
according to 

(2TT/T)
2
 = gk tanh kh (5) 

where T = the wave period and L = the wave length.  In addition, it 
can be shown that the total water depth, d(x), for the non-planar 
Bruun x^'-5 profile may be modeled in a best least-squares sense by 
a total water depth profile that is proportional to the horizontal 
distance offshore raised to the one/half power with a partial cor- 
relation coefficient of 0.986 for 0 < x < Xg.  Consequently, the 
total local depth profiles [i.e., still-water-depth, h(x), plus 
setup <n(x)>] for both the planar nearshore and the non-planar 
offshore profiles will be represented by 

; x < b (6a) 

d(x) 

ojx-x 11/2 ; x> b (6b) 
d^  o' 

where 8i is the slope of the total water depth.  Again, continuity 
of the two profiles and of the two profile slopes at the location 
of the profile intersection, b, gives 

b - 0.5 I2 (7a) 

x = 0.25 I2  - 0.5 b (7b) 

Nondimensionalizing all length scales by the dimensional surf zone 
width, xg, (dimensional variables will be denoted by lower case 
letters), the following dimensionless variables (denoted by upper 
case letters) are introduced: 

A = ad/V^ 
(8a) 

B = b/xB (8b) 

D(x) = d(x)/xfi (8c) 

H(x) = h(x)/xB (8d) 

X = x/xB <8e) 

X 
0 = Xo/xB (8f) 

Sd = b/d(b) <8g) 

ich gives the dimens ilonless total water depth pro file as 
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D(x) 

Equation of Motion 

S,X 
a 

1/2 

; x < 

; X > B 

(9a) 

(9b) 

The dimensional longshore depth- and time-averaged equation of 
motion given by Liu and Mel (197 4) reduces to 

•r— s   + T,  + -,— u d -:— v dx xy   by  dx L Ke dx J (10) 

where u is the turbulent eddy viscosity coefficient; i,  is the 
longshore component of bottom stress; v is the depth- and time- 
averaged longshore current component; and s  is the onshore- 
longshore component of the radiation stress tensor given by linear 
wave theory as 

xy 
- 0.5 pga n sin 6 cos 

0.5 (1 + 2kh/sinh 2kh) 

(11a) 

(lib) 

where 6 is the local angle of wave incidence (vide, Fig. 1). 
The gradient of the onshore-longshore component of radiation 

stress may be approximated by 

— Is \ dx ' xy' 

5    2 Sln 8B ,1/2 d  , .. _pgK ~p-d   — {d} 

0 

; x < x„ 

x > x„ 

(12a) 

(12b) 

where p is the fluid mass density; g is the gravitational constant; 
and 9g is the local angle of wave incidence at the breaker line. 
The bottom shear stress is approximated by 

'by 
<p /gd v (13) 

where Ci is an empirically determined friction coefficient of the 
order or 0.01.  The turbulent eddy viscosity coefficient is assumed 
to vary linearly with the horizontal distance offshore (McDougal 
and Hudspeth, 1984) according to 

u - Npx /gd (14) 

in which N = a numerical constant.  Substituting Eqs. (12) - (14) 
into Eq. (10) yields 
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5 eird ,   n  rg_ -\ 1/2 d   ... . 
16" —C7~ Sin9

B(dJ dx"{d}     '  X<XB 

NTT    d     ,5/2 dv, 1/2 , 
^dTH        dTl  " d V=^ (15a) 

; x>xB (15b) 

Nondimenslonallzing Eqs.   (15)  by  the following dimenslonless vari- 
ables 

SB = dB/xB (16a) 

V    = v/v„ (16b) a 

where the component of the planar beach longshore current at the 
breaker line with no mixing is given by (Longuet-Higgins, 1970a) 

VB=l6§ Sin9B^SB <16C> 

reduces Eqs. (15) to 

lN_fL,D3/2dV,    1/2 
<Cf dx lu   dX' 

where 

AD3/2 ||  ; X < 1 (17a) 

; X > 1        (17b) 

A - (xB/dBJ
2 (17c) 

Equations (17) may be further expanded for each of the two beach 
profiles by substituting for the total water depth, D(X), using 
Eqs. (9). 

Planar Beach Solutions. The dynamic equations of motion for the 
longshore current may be obtained from Eqs. (17) by substituting 
Eq. (9a) to obtain 

d_ ,5/2 dV, 
p dX lX   dx' 

; X < 1        (18a) 

; X > 1        (18b) 

where the nondimensional strength of lateral mixing on a planar 
beach is defined by 
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uNS^ 
P = —• (18c) 
P  KCf 

and 

s = 
B-f^iy ;B<1 (19a) 

; B > 1        (19b) 

The solutions to Eqs. (18) are (Longuet-Higgins, 1970a) 
m.      m„ 

C X  + C X  + 5G X     ; X < 1 (20a) 

V = 

1       2 
C21X    C22X ; X > 1 (20b) 

where 

5   = ~p- (20c) 
P 

,   o   ,1/2 
ml,2=-|± fe + f-] (20d) 

P 

provided that P *  0.4. 

Non-planar Beach Solutions. The dynamic equations of motion for 
the longshore component of current may be obtained from Eqs. (17) 
by substituting Eq. (9b) according to 

'-^ X1M  ; X < 1 " X0    (21a) 

P  «L J 5/4 dV, _  1/4  = 

np dx 
lX   dx

f  X 

; X > 1 - X.    (21b) 

where x = (x-x ) and the nondimensional strength of lateral mixing 
on a non-planar beach is defined by 

P  = ^^- (21c) 
np  <Cf 

(-ZLC; 

and 

2ZB ; B < 1        (22a) 

GnP 

2B ; B >  1        (2 2b) 
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p.   152)   having solutions given by 

ail*l(Z)   +ai2+2(Z)   +°-5Gnp ;  X <  1 (23a) 

where 

a22*l(Z) ; X > 1 (2 3b) 

^(z) = z~1/8 I1/4(YZ
1/2

) 

•2(Z)   = Z'l/S  K1/4   (YZ1/2j 

X - B/2 

(23c) 

(23d) 

(23e) 

/P np 

(23f) 

Evaluation of the longshore component of velocity, V, on a 
Dean beach requires solving Eqs. (18) for the planar nearshore 
component when X < B and Eqs. (21) for the non-planar offshore 
component when X > B.  Since both Eqs. (18) and (21) are of second- 
order, continuity of the magnitude and the slope of the current 
will be required at X = B in order to quantify these unknown con- 
stants of integration.  In order to evaluate the effect of the 
location of the intersection of the planar and non-planar profiles 
at X = B, the unknown constants of integration in Eqs. (20) and 
(23) will be determined for each of the three separate locations; 
viz. 1) inside the breaker line (B < 1); 2) at the breaker line (B 
= 1); and 3) outside the breaker line (B > 1).  the matching condi- 
tions to be used at the intersection of the two profiles are:  1) 
continuity of longshore current magnitudes 

< V>  : X 
B (24a) 

and 2) continuity of the gradient of the longshore currents 

; X = B (24b) d      d 
dX v< ~ dx V> 

where V^ is the current for X < B and V^ is the current for X > B. 

B < 1 Solutions. When the profile intersection is located inside 
the breaker line, B < 1, the solutions are given by 

cu X + £G X 
P 

V-  <*ii«i<z> +a12*2
(Z) +Gnp/2 

a22+2(Z) 

X <  B (25a) 

B <  X <   1 (2 5b) 

X >   1 (25c) 
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where Z is defined by Eq.   (23e)   and 

a. ,  = G    Z3/2  (j,„(c) ;   ? =   1 -  B/2 (26a) 
11 np T j 

a 
a11[m1*1(C)  -  m.4(C)]  "  SGpB(m1-l)  + 0.5m1Gri 

*       ;   5 - B/2 12 B^(c) - m^2(C) (26b) 

a, ,4,(c)  + 0.5G 
*22 " ~Li\u) =* + *!2 ;   C -   1 -  B/2 (260) 

-m 
Cll   " B Kl*l(?)  + ai2*1

(?)  + °-5Gnp "   5GpB] :   5 \l'^ 

• 3(C)   - " f' 8   [K1/4   (YC1/2)   +  2TC1/2K_3/4   (YC1/2)] (26e) 

•4<C>  " " f9 8   ^1/4   (•1/2)  "   2«1/2  ^3/4   («1/2)J (260 

B = 1 Solutions. When the location of the profile intersection 
coincides with the location of the breaker line, B = 1, the solu- 
tions are given by 

ml 
C X  + 5G X ; X < 1        (27a) 

a22.(>2(Z) ; X > 1        (24b) 

where Z is defined by Eq. (23e) and 

(yO SG
P 

a22 " m^U) - *3(?) 

CU = a22*2(c) " 5Gp ; C = 1 - B/2   (28b) 

B > 1 Solutions. When the profile intersection is located outside 
the breaker, B > 1, the solutions are given by 

ml C X  + 5G X ; X < 1 < B     (29a) 

m      m 

V = \ C21X    C22X ; 1 < X < B     (29b) 

a22(|>2(Z) ; X > B > 1     (29c) 

; 5 = 1 - B/2   (28a) 

where Z is defined by Eq. (23e) and 
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22 

21 

(yO SGP 

ml " m2 

C22 ["VM^ " B*3(?)] 
B 

8*3(5) - m^2(?) 

(m^-mp 

B/2 

(30a) 

(30b) 

11   21   22    p 
m      m 

„  _C21B  +C22B 

22 ,(C) 
; C = B/2 

(30c) 

(30d) 

Figures 2 and 3 demonstrate the effects of the offshore dis- 
tance to the profile intersection X = B, on the longshore current 
profile, V, for mixing strengths P - P  equal to 0.1 and 1.0, 
respectively.  Two longshore current profiles are shown for B < 1.0 
(viz. B = 0.1 and 0.5) and one profile each for B = 1 and for B > 1 
(viz. B = 1.95).  These profiles demonstrate that the magnitude of 
the longshore current profile decreases with increasing magnitude 
of the dimensionless mixing strength parameter P [cf. Eq. (18c)] 
for planar beaches and P_p[cf. Eq. (21c)] for non-planar beaches. 
The horizontal offshore distance, X, to the maximum longshore cur- 
rent decreases with decreasing values of the horizontal distance to 
the profile intersection, B, for B < 1.  However, the magnitude of 
the maximum longshore current increases with increasing values of 
the horizontal distance to the profile intersection, B, for B < 
0.8.  The magnitudes then decrease with increasing values of B for 
0.8 < B < 1.0. 

V 

0.6 

0.4 - 

0.2-; 

2.0 

X 
Fig. 2 Effect of profile intersection, B, on the longshore current 

profile, V {Pp = Pnp = 0.1}. 
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V 

0.5 

0.3- 

1                              1 1 

• 

'•^'/•P     ••••.r~^~~~-. 

1                                             ' 

0.5 1.0 

X 
2.0 

Fig. 3 Effect of profile intersection, B, on the longshore 
curent profile, V {P„ = P  =1.0}. v p   np 

Figure 4 demonstrates the effect of the location of the pro- 
file intersection, B, on the magnitude of the maximum longshore 
component of velocity, Vmax, for two values of the dimensionless 
mixing strength parameters. 

02 0.4 1.2 1.4 1.6 i.a 0.8    1.0 
B 

Fig. 4 Effect of profile intersection, B, on the maximum 
magnitude of the longshore current, V 

2.0 
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Energetics Sediment Transport Models 
The magnitude of the longshore current is required for the 

evaluation of the longshore transport of sand.  Since the current 
profiles for the Dean beach profiles differ significantly from 
those predicted analytically for planar beaches, the corresponding 
sediment transport profiles should also be expected to differ.  The 
longshore transport profiles of sand are developed using the fol- 
lowing two energetics-based transport models:  (1) the Bagnold-type 
model (Bagnold, 1963) which has been widely used in surf zone 
applications (cf. Inman and Bagnold, 1963; Komar and Inman, 1970; 
Komar, 1971, 1975, 1977; Thornton, 1973; Bowen, 1978; Walton and 
Chiu, 1979); and (2) an energy-dissipation model based on the total 
stress exerted on the sand by the mean wave-induced current (cf. 
Komar, 1971; Bailard and Inman, 1981; McDougal and Hudspeth, 
1983b).  The energetics stress model has been calibrated with the 
Bagnold model for a planar beach in which the dimensionless trans- 
port rate coefficient, K, for the Bagnold model has previously been 
evaluated by Komar (197 5). 

Bagnold Model 
Bagnold (.1963) proposed a sand transport model which includes 

both bed load and suspended load.  This model assumes that the 
orbital wave motion mobilizes the beach sand and wave power is then 
expended maintaining the sand in motion.  The presence of a mean 
current, regardless of how small, transports the sand.  The Bagnold 
immersed-weight transport rate per unit width of surf zone, i,, for 
small angles of wave incidence is (cf. Thornton, 1973): 

Kd 'l   -2 

dx ^PSa2 cg) \ (31) 

in which K is a dimensionless transport rate coefficient; a is the 
local wave amplitude; c is the wave group velocity; and u is the 
magnitude of the near-bottom orbital wave velocity. Assuming that 
shallow-water, linear wave conditions exist (c = /gd] and that the 
local wave amplitude is proportional to the total water depth, d, 
(i.e., 2a » Kd), the immersed transport rate in the lonshore direc- 
tion shoreward of the breaker line reduces to: 

i1 - g- K pgicd v^-d ; x < xB        (3 2) 

Nondimensionalizing the longshore transport rate by the breaker 
line sand transport on a planar beach due to the no-mixing long- 
shore current (cf. Longuet-Higgens, 1970a), igTi> tne dimensionless 
longshore transport profile is given by: 

; X < 1        (33a) 

11  = Vl 
X > 1 (33b) 
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in which 

~BL1  2 

V = v/v. 

lySi.'- 

LHl^fe^dM^B 

(3 3c) 

(33d) 

where n is a numerical constant and Cf is a dimensionless friction 
coefficient of order 0.01. 

For a planar beach, the Bagnold model sediment transport pro- 

file is given by 

; X < 1        (34a) XV 

Xl = 
0 ; X > 1        (34b) 

For a concave-up x1'  beach profile, the Bagnold sediment transport 

model becomes 

h' 
0 

; X < 1 

; X > 1 

(35a) 

(35b) 

Figure 5 demonstrates the effect of the dimensionless profile 
intersection, B, as the longshore sediment transport rates, I., 
computed by the Bagnold model for two extreme values of the dimen- 
sionless mixing strength parameter {P Pnp = 0.1 and 1.0}. 

0.5 

0.4 - 

2.0 

X 
Fig. 5 Effect of profile intersection, B, on Bagnold longshore 

sediment transport rates, I.. 
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Stress Model 
Komar (1971) proposed a swash sediment transport model based 

on the energy dissipation associated with the bottom stress. 
Bailard and Inman (1981) also developed an energetics stress model 
using the bottom stress to estimate the time-dependent bedload 
transport in the surf zone.  These models are both Bagnold-type 
models conceptually; but since the energy dissipation rate or 
available power for mobilizing sediment is based on the bottom 
stress, these models are termed stress models.  The immersed-welght 
transport rate per unit width of surf zone, i^*   f°r tne stress 
model for small angles of incidence is (cf. McDougal and Hudspeth, 
1983a) 

(36a) 

in which Cc is a constant for a given sediment and 

u = a - sech(kd) (f + sine j) (36b) 
o    to 

in which w = the radian wave frequency. 
Note that in Eq. (36a), no shallow-water wave assumptions have 

been invoked and no restrictions have been placed on the mechanism 
which generates the longshore current.  This model may used for 
high wind- or tide-induced flows as well as for wave-induced long- 
shore currents. 

As in Eqs. (33), the transport rate is nondimensionalized by 
the transport rate at the breaker line from a stress model on a 
plane beach using the no-mixing velocity determined by Longuet- 
Higgins (1970a).  The dlmensionless transport, l2» is given by 

sin^_%_ 2 (37a) 

2  sln0B UoB 
in which 

h  =  V^U = V^VKBIW11
^ (37b) 

Employing Snell's law for refraction, the transport rate reduces to 

I9 = f- V
2 (38) 

2  aB 
in which the hyperbolic cosines have been approximated by unity in 
the surf zone.  This transport relationship applies for any type of 
beach profile and mean current. 

Komar (1975) has determined the transport coefficient for the 
Bagnold model on a planar beach by comparison with observed total 
transports.  The total transport is defined by 

CO 

IT - / I dX (39) 
o 

The stress model is calibrated by equating the total transport on a 
planar beach with that for the calibrated Bagnold model.  This 
yields a dlmensionless transport coefficient for the stress model,R, 
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which is a function of the lateral turbulent mixing strength 
parameter, P . 

Figure 6 demonstrates the dependence of the dimensionless 
transport rate coefficient on the dimensionless mixing strength 
parameter. 

4.0 

Fig. 6 Dimensionless stress transport rate coefficient 
calibrated with a Bagnold transport rate for a planar beach. 

The longshore transport rate given by the stress model for a 
planar beach (including the calibration coefficient) is 

RX V 

RV 

; X < 1 

; X > 1 

(40a) 

(40b) 

The longshore transport rate given by the stress model for a con- 
cave-up beach is 

R X1/2 V2 ; X < 1 (41a) 

*2 = 

R V ; X > 1 (41b) 
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Figure 7 demonstrates the effect of dimensionless profile 
intersection, B, on the longshore sediment transport rates, I2, 
computed by a stress model for two extreme values of the dimension- 
less mixing strength parameters. 
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X 
Fig. 7 Effect of profile intersection, B, on stress-type long- 

shore sediment transport rates, I . 

Conclusions 

Dimensionless longshore current profiles, V, on equilibrium 
Dean beach profiles depend on both the location of the dimension- 
less horizontal distance offshore to the profile intersection, B, 
and the dimensionless mixing strength parameters, P and Pno-  The 
maximum dimensionless longshore current, V  , occurs near a value 
of B = 0.8.  The dimensionless longshore current profiles, V, are 
essentially independent of B for B > 1. The longshore current, V, 
decreases with increasing values of dimensionless mixing strength, 
P. The effect of the dimensionless profile intersection, B, and 
mixing strength parameter, P, is similar for both Bagnold and 
stress type longshore sediment transport rates. 
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