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PREFACE

This report is published to show the relation between two versions
of the energy flux method of predicting longshore transport : The volum e
rate prediction recommended in the Shore Protection Manual (SPM) (U.S.

• Army , Corps of Engineers , Coastal Engineering Research Center , 1977), and
the immersed weight rate prediction proposed in other publications . The
need for this exp lanation was indica ted by inquiries from field engineers
to the staff at CERC .

The report was prepared by Dr. Cyri l Galvin , formerly Chief, Coastal
Processes Branch , CERC , under the general supervision of Mr. R.P. Savage ,
Chief , Research Division.

‘1 Comments on th is pub l ication are invited.

• Approved for publication in accordance with Public Law 166, 79th
Congress , approved 21 July 1945, as supp lemented by Public Law 172 , 88th
Congress , approved 7 November 1963.

1* LA~
Colonel , Corps of Engineers
Commander and Director
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CONVERSION FACTORS , U.S. CUSTOMARY TO METRIC (SI)

• P UNITS OF MEASUREMENT

U.S. customary units of measurement used in this report can be converted
to metric (SI) units as follows:

Mul tiply by To obtain

inches 25.4 milli meters
2.54 centimeters

square inches 6.452 square centimeters
cubic inches 16.39 cubic centimeters

feet 30.48 centimeters
0.3048 meters

square feet 0.0929 square meters
cubic feet 0 .02 83 cubic meters

yards 0.9144 meters
square yards 0.836 square meters
cubic yards 0.7646 cubic mete rs

miles 1.6093 kilometers
square miles 259.0 hectares

knots 1.852 kilometers per hour

acres 0.4047 hectares

foot-pounds 1.3558 newton meters

millibars 1.0197 x 10~~ kilograms per square centimeter

ounces 28.35 grams

pounds 453.6 grams
0.4536 kilograms

ton, long 1.0160 metric tons

ton, short 0.9072 metric tons

degrees (angle) 0.01745 radi ans

• Fah renheit degrees 5/9 Celsius degrees or Kelvins 1

1To obtai n Celsius (C) temperature readings from Fah renheit (F) readings ,
use formula: C (5/9) (F -32).

To obtain Kelvin (K) readings, use formula: K (5/9) (F -32) + 273.15.
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SYMBOLS AND DEFINITIONS

a’ volume concentration , ratio of volume of solids to total volume
in a sand deposit (defined by eq. 8), dimensionless

e void ratio , ratio of volume of voids to volume of solids in a sand
deposit (defined by eq. 7) ,  dimens ionless

G specific gravity (defined by eq. 6), dimensionless

I
~
, immersed weight rate of longshore transport (defined by eq. 5) ,

pounds of sand (weighed under wa ter) per year

K constant of proport ionality in energy flux method (defined by
eq. 1), cubic yards-seconds per pound-year

P~~ the  energy f l u x  factor , foot-pounds per second per foot

Q volume rate of longshore t ransport , cubic yards per year

y un i t  we igh t  of sand (def ined by eq. 10),  pounds per cubic foot

un i t  weight  of sol ids  in san d , pounds per cubic foot

‘y~ submerged u n i t  weigh t of s o l i d s  (def ined by eq. 4 ) ,  pounds per cubic
foot

unit weight of distilled water , pounds per cubic foot

unit weight of water in which sand is immersed , pounds per cubic
foot

NOTE . - -The dimensionless immersed weight coefficient (Longuet and
Higgi ns , 1972 , p. 211), usi ng the defi nitions above , equals the term
in parenthesis in equation (5) ,  multi plied by 2 to account for the use
of significant height in P

~8, and divided by 31.536 x 106 , the number
of second s in a year .
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RE LAT I ON BETWEEN IMMERSED WEIGHT AND VOLUME
RATES OF LONGSHORE TRANSPORT

by
Cyri l J .  Calvin

I .  INTRODUCTION

1. Volume and Immersed Weight Rates of Longshore Transport.

Two general formulas are presently (1978) in use for predicting
longsho re transport rates from inc ident wave cond itions . They are
usually identified as the energy flux method and the immersed weight
rate.

The energy f l ux method empirically rel ates longshore transport
rate, Q, to a computed variable called the energy f lux factor , P9,8,
by an equation of the form :

Q~~~K P 9,3 . (1)

The equation of this form recommended for des ign in the Shore Pro tection
Manual (SPM) (U.S. Army , Corps of Engineers , Coastal Engineering Research
Center , 1977) is

Q = 7,500 P~~ (2)

where Q is in cub ic yards per year and P9,3 is in power per unit
length of shore line (foot-pounds per second per foot). The proportion-
al ity constant , K , has un its to balance the equation (cub ic yards-
seconds per pound-year).

A number of investigators recommend using the immersed we ight rate
of transport , 19,, rather than Q (Bagnold , 1963 ; Komar and Inman , 1970;
Longuet-Higgins , 1972). The immersed weight rate leads to a dimension-
ally homogeneous equation with a dimensionless coefficient , instead of
the peculiar units that K has in equation (1) . The immersed weight is
related to the volume rate by

I 9, = 2 7 a ’ y ’ Q  (3)

where 27 converts cubic feet to cubic yards , a ’ is volume solids/volume
sand in place , and is the dif fe rence

= (4)

between specific weight of sand grain , y8, and wate r , y~ ; i .e . ,  the
immersed specific weight of the sand grain. From equation (1),  the
immersed weight longshore transport rate is

= (27 a ’ y~ K) P9,3 . (5)

7
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Thus , the immersed rate is equal to flux rate multiplied by a term
wh ich is assumed to be constant .

2. Purpose.

There is some confusion concerning the relative validity of equations
(2) and (5) as predictors of longshoi.,. transport . Authoritative publica-
tions have urged the use of 19, in equation (5), and this has created

‘I the impression that the SPM equation (2) is distinct from, and inferior
to, the immersed weight rate of computing iongshore transport .

This report shows that , based on present knowledge , there is at this
time (1978) no practical difference between equations (2) and (5). How-
ever, an immersed weight prediction could be important if significant
variations in a’ or exist on the shore . This possibility suggests
that measurements of a’ and y~ should be included in field programs
to measure longshore transport rate.

I I .  UNIT WEIGHT OF SAND

The app licability of an immersed weigh t transport prediction depends
on a knowledge of the uni t weight of sand. The discussion in this sec-
tion concerns the uni t weight of dry sand , but it is easily extended to
cover sand immersed in seawater.

The uni t weight of sand , -y, is dependent on two variables. The
first variable is the specific gravity of the sand grains , given by

G = Y3 /Y W (6)

where is the weig ht  density çf the material making up the sand grain ,
and is the we igh t  dens i ty  of d i s t i l l e d  water .  Mos t sand grains are
quartz with a specific gravity of 2.65 . However , on some beaches sand
grai ns may be composed of calcium carbonate with a specific gravity,  when
a pure solid , from 2 to 11 percent higher than quartz (G of 2.71 for pure
calc ite to 2.94 for pure aragonite). (Carbonate sands may also be effec-
t ively lighter than quartz when grains are made of porous shell material.)

The second variable is the amount of space taken up by voids in the
sand depos it. This can be described by several terms . The usual soi l
mechanics parameter is the void ratio , e, def ined as

e = Volum e of vo ids/volume of sol ids . (7)

8
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The usua l parameter in coastal research (see eq. 3) is “volume concen-
• t ra t ion ” defined as

a ’ = Volume of solids/total volume . (8)

The vo id ra t io  is re l a t ed to th e volume concen t ra t i on b y

e = (1 — a ’) / a ’ . (9)

I n te rms of the vol ume conc en t ra t i o n , the  un i t  weight  of san d is

y = a ’(*y .,  . (10)

The few tines that the unit wei ght of sand has been ~~nsidered in
• lo ngshore t ransport  predic t ions , i t  has been assumed that the sand is

all quartz (G = 2.65) and that a ’ = 0 .60.  This value of a ’ is appar-
ently derived from Chamberlain (l%0) where a ’ = 0.60 is reported for
f i ne san d co l l ec t ed  f rom the  beac h face , a f t e r compact ion . However ,
a ’ can vary s i g n i f i c a n t l y .  For example , Ch ambe r la i n r eported data
equivalen t to a ’ = 0.53 fo r san d at the head of a submarine canyon and
as low as 0 . 2 7  for nicaceous san d lower in the canyon ( taken from
Shepherd , 1963) .

T h e o r e t i c a l l y , fo r sands c o n s i s t i n g  of per fec t  spheres of the same
size , a ’ ranges from 0.52 to 0.74, going from loosest to most dense
(42 percent  increase) . The f o l l o w i n g  Table shows the actua l data  (when
converted to a ’ values~ reported in Sowers and Sowers (1970 , p. 30) .

Table. Ranges of volume concentra t ion , a ’ , and unit
weights of sand , y ~from Sowers and Sowers , 1970).

• Sand ~~~~~ ~~~~~
• 

(lb/ft 3) (lh/ft 3)

Uni fo rm 0 .67  0 .54  110 89
subangular

W e l l - g raded 0 .74  0.59 122 97
• suba n g ul a r

Since C and a ’ have  been assumed to he 2 .65  and 0.60 when
ca lcula ted , this is equivalent to saying that all sand is assumed to
have a unit weight , from equation (10) , of 99.2  pounds per cubic foot .

Using  the “r e l a t i v e  dens i ty ” as def ined by Sowers and Sowers (1970 ,
p. 31) and the Table , a san d hav ing  the assumed a ’ = 0.60 would  he

9
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“loose” sand in the case of uniform well-rounded sand grains , slightly
loose for un~~~-rm subangular sand , and the loosest possible for well-
graded subangular sand.

However , it is probable that sand along the shoreline should be more
on the dense side , rather than on the loose side because of the compact-
ing effects of water soaking and wave a~tion . Moreover , it is evident
that the weig ht density will vary with the grain-si ze distribution and
grain shape (Sowers and Sowers , 1970). Thus, the constant a ’ = 0.60 is
an assumption not likely to be generally true .

Unit volume is equa l to the reciprocal of the uni t wei ght. Since
uniform sands may vary 24 percent in unit wei ght (Table), the same
variation may occur in uni t volume . Since most independent , local field

• estimates of longshore transport are based on surveys of sand volumes ,
• i t  is poss ib l e  tha t  the energy flux prediction can be si gnificantly

affected by variation in uni t volume of the sand.

• For example , Caidwel l’ s (1956) and Komar ’s (1969) data are from
surveys of the nearshore zone subject to wave action , and these data are
19 of the 23 data points used to establish the S I M  longshore t~ ansport• curve (Figure 4-37 in SPM). If the sand settled out in quieter waters ,
the same number of sand grains mi ght be expected to yield larger surveyed
volumes. This possibility is consistent with the data from Channe l
Islands Harbor (Bruno and Gable , 1977) and Santa Barbara (Gaivin and
\‘it~’le , 1977), California , wh ich do plot above the SPM curve (Fig. 1).
(However, even a 24-percent decrease in unit volume would only bring
these California data points about 20 percent closer to the SPM curve on
that log-log plot.)

I I I .  PRESE NT USE OF IMMER SED WEIGHT CA LCULATION

The immersed weight  fo rmula t ion  has been s t rong ly recommended by
some for longshore transport prediction . As shown by equation (3), the
immersed weight rate equals the volume rate multi plied by two sand-
related parameters , a’ (eq. 8) and -y

~ 
(eq. 4).

However , the present use of I~ with the SPM design curve (eq. 2)
implies a constant unit weight which probably was lacking in the under-
lying data. The existing design curve in SPM is based on three sets of
field data for which a ’ and even are not avai lable. One set meas-
ures short-term volume changes in the high tide surf zone (Komar , 1969);
the second set measures longer term variations in the littoral zone
(CaIdwell , 1956); and the third set measures pumping rates of probable
carbona te sand (Wa tts , 1953). Thus , there is a good deal of uncertainty
in a ’ and for all three sets, and a ’ in particular is likely to
be differen t in each set of data. Therefo re , it is probable that all
three sets of data involve slightly different unit weights of sand.

Those studies that use I~ have assumed a ‘y,~ for quartz sand and
a ’ = 0.6 to compute I~ . This is permissible when other data are lacking.

to
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Howe ver , to apply the resul t  to typ i cal en gi n eeri n g problems , the same
• assumptions must be made about and a ’ to get bac k to a value  of

Q, since Q is the quant i ty  needed in design . The steps involved for
the present  immersed we igh t p t -oced ure are shown in F igure  2 .

A l t h o u g h  i mme rsed w e i g ht rates are not presentl y practical in field-
w ork , im mersed we ig ht  rates of longshore  t ransport  are r o u t i n e l y  measured
in some laboratory experim ents (~ avage , 1959)

I V .  }d~. SL I L Tt
• •.  • .• .

The results of this analvs is are summari :ed as fol lu~ s

I n p r a c t i c a l  ap p l i c a t i o n , the  i mmersed wei ght  fo r m u l a t i o n  does not
- • p r e s e n t l y  improve  the  eng i n e e r i n g  p r e d i c t i o n . The requi red engineering

quantity is a v o l u m e  ra t e of sand  in place , Q, and all the existing
d a t a  h e r r  orig inall y measured in terms of Q, or in Q equivalents.
Therefore , to develop the immersed wei ght formulation from existing
data , it is necessary t a  estimate values of a ’ and ~~ and convert
Q values to I~ by equation (3). Then , to use the immersed wei ght
formulation to solve a problem , the procedure must he reversed and con-
verted hack to t he  r equ i r ed  Q.

Available data have led the investigators who have worked with
to assume that both a ’ and are constants. To the extent that
t h is i s a f act , I~ is d i r e c t l y  pro p o r t i o n a l  to Q,  independent  of any
other variables , and the use of L is equivalent to Q,  after two
added calculations. However , in t h e  three sets of  da ta  on w h i c h  the SPM
de s i gn curve is h a s e L , it is p r a h i h i e  that neither a’ or ~ were
con s t a n t .

The a v a l  lab Ic soil mechanics in t o rm;it ion i n d i c a t e —  the  need for more
data on void ratio and sand ~rain specific gravit y . The Table and re-
lated inf orma t ion suggest that a ’ may v arY sj  gn i fi cant ly, although the

• 
. upper limit at  variation is prohahly less than the theoretical 42-percent

increase in a ’ possible in going from loosest to most dense pac king of
spherical sand grains . Most san d beaches are quartz , but calcium carbo-
nate sands of the tropics could have a -

~~~ (for pure aragonite) as much
as 18 percent hi gher than quartz sands , or even less thin quart z sands
when the carbonate grains are d e r i v e d  from porous s h e l l  m a t e r i a l .

V. CONCLUSIONS

1. Volume rate , Q, is the longshore transport parameter needed
for design .

2. As presently used , th e immersed weight rate equation is equal to
the volum e rate equation recommended by SPM, multiplied by a constant (eq.
3) .  Thus , the volum e rate prediction (eq . 2) arrives more directly at Q.

12
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~~~~~ 
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Construct curve
using a ’ 0.6
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3. Longshore transport which produces shoaling in protected waters
could produce more shoa l ing than predicted merely because of looser
packing of sand g ra ins .  The magnitude of th i s  increase is expected to
be on the order of 10 to 20 percent and should not be greater than 42
percent.

4 . F ie ld  s tudies of longshore t ranspor t  should include measurements
to determine the void ratio (eq . 7 ) ,  or equ iva len t ly  a ’ (eq . 8) ,  in the
l i t to ra l  zone and in protec ed waters .

14
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