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y KEY TO TECHNICAL REFORT NUMBER 6

Technical Report Number 6 1s divided into five Volumes.
The titles of these Volumes are as follows:
Volume I - Relations Between Beach Features
and Beach Conditlons.
Volume II - Varlaticn and Stabllity of Beach
Features (including an Appendix on

Wave Tank Tests).

Volume III Photographic Gray Tones as an
Indication of the Size of Beach
Materials.
* Volume IV - The Cone Penetrometer as an index
of Beach Supporting Capacilty
(Moisture, Density and Grain-Size
Relations).
Volume V - A Method for Estimating Beach

Trafficability from Aerlal Photo-

graphs.,
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CAUTIONARY NOTE

It is the ultimate objective of this research program to
investigate and report upon a method for estimating beach traf-
ficabllity by means of aerlal photograsphic analysis. Traffica-
bility is a tenuous term. For the purpose of this study, it has
been considered to be related to:

1. Slope of beach

2. Bearing capacity of beach
Outside factors such as vehlcle types, loads and tire pressures;
driver abllities and‘surf conditions; and multiple pass effects
were not coneidered.*

Two things must be emphasized. First, the trafficability
diagram appearing as Figure 2 of Volume I and mentioned there-
after, relates slope and penetration values and assigns any

glven beach to one of five classes. THIS DIAGRAM IS INDICATIVE

IN THE LIGHT OF CURRENT OPERATIONAL TECHNIQUES.

Secondly, the index of beach sand bearing capacity chosen
by the authors for use in thls investigation was constant welight
penetration, The authorg beiieve thig to be a reasonable and
acceptable index."'" However, THE SIGNIFICANCE OF THE INDEX WITH
RESPECT TO ACTUAL OPERATIONS MUST BE EVALUATED BY USING AGENCIES.

These statements emphasize the necessity for studies which
willl correlate penetrations with operating conditions. Only by

this means can the research results discussed in Technical Report

#6 by utilized to their fullest extent.

* See Progress Report #l, "Relations Between Beach Featureg
Visible on Airphotos and Beach Trafficability".
## See Volume IV (Key).
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LIST OF ABBREVIATIONS ’

: AFS - Average foreshore slope (See Appendix A)

it APR - Aversge penetration readlng

E Bs - Backshore

é d - Divergence (See Figure 1C)

: Dgo - Medlan grain-size (See Figure 10 and Appendix A)
g’ Dec Dgy - Decimal median grain-size (See Pigure 10)

; DFe - Drying foreshore

§ Fs - Foreshore

% Fs MSLW - Foreshore mean-sea-level width (See Figure 9b
]% and Appendix A)

5 PR - Penetration readings

': WURa - Wettad foreshore
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SCOPE OF VOLUME

This is concerned with the factual aspezts of one sub-
division of a current research project conducted for the
Amphibious Branch, Office of Naval Research. It describes

the methods, analyses and correlations obtained after comple-

- ting an Empirical Survey of Beaches along the Atlantic Coast

of the United States.

A series of conclusions appears as SECTION IV. These
concluslons are based for the most part, on the data, analyses,
and discussions included herein. Consequently, they represent
the specific conclusions of the report --- not conclusions
of the complete research program.

Final conclusions of the complete research program will
be limited in nature. Only those factual aspects.that are
pertinerit to the ultimate objectives of the program will appear.
These will be published in Volume V.
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ULTIMATE OBJECTIVES
of
COMPLETE RESEARCH PROGRAM

The ultimate obJjectives of the complete research program are:
1. The presentation of relations between physical
features (visible on aerial photographs) that
are associated with beaches, and the traffica-

bility of beaches.

2. The formulation, basged upon such relations, of

a method for estimating the trafficability con-

b atis

ditions of beaches from aerial photographs.

*

See CAUTIONARY NOTE
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PROBLEMS OF RESEARCH

There are numerous features associated with beaches that

may have some relation to trafficability and that can aiso be

seen on aerial photographs. These are:

1.

5.

Details of beach profile (width, slope, cusps,
scarps).

Wave and surf features (length, frequency, shape,
direction, refraction, breaker patterns).

Gray tones (beach sands, molisture holding cap- ,
acity, turbidity stains, depth differences).
Environment features_(offshére and onshore pro-
tection, river mouths, sourcesa of supply, indi-
cations of littoral current flow).

Miscellaneous features (current, ripples, bars).

These features. as well as traificability itself, reflect

the interaction of numerous variables. The variables are:

1.

First order variables (independent)
a. Location and variations in winds
E

h:

Protective underwater features

1)
(2) Protective surface features
3)

o~~~

River and tidal mouths

{4} Littoral currents
(5) Geological sources and types of materials
that contribute to beach

.

J
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(6) General offshore slope
c. Tides
2. Second order variables (dependent upon firsi order)
a. Wave characteristics and variations
3. Third order variables (dependent upon first and
second order)
a. Variations in local offshore slopes, bars

and local material scpplies.,

None of these variables can be controlled by any normal
means. Few can be evaluated easily by instrumental devices.
Consequently, it is difficult to relate specific beach features
to the variable or combination of variables that produce them.
To satisfy the practical requirements of the project, it was
decided to subordinate the relations between beach features
and thelr causative variables and to emphasize direct relations

between teatures and traiticability conditions.




SCHEME OF COMPLETE RESEARCH PROGRAM (CURRENT)

The current program was subdivided into various separate
activities. This was done in sn attempt to circumvent some
of Liwe difficulties previously discussed by varying the direc-
tion of attack.

The subdivisions established were as follows:‘

e

1. Routine Beach Observations
The collection of routine cbservations at permanent
beach stations for a reasonable period of time.
This phase was designed to give information con-
cerning the changes of beach features and condi-
tions on beaches of various types over a period
of time. This phase, since it was concerned

with time, was expected to throw some light on

the relative importance *of causative variables
such as waves; material characteristics, etc.

2. EMPIRICAL BEACH SURVEY (SUBJECT OF THIS REPORT)

THE COLLECTION AND ANALYSIS OF INFORMATION CON-

CERNING THE PHYSICAL AND PENETROMETER PROFILES

é‘ AND THE SAND CHARACTERISTICS OF VARIOUS BEACHES
PICKED AT RANDOM. THIS PHASE, SINCE IT NEGLECTED
TIME, WAVES AND ENVIRONMENT, WAS DESIGNED TO

TRAFFICABILITY CONDITIONS RECGARDLESS OF ANY

£
g
% PROVIDE RELATIONS BFTWEEN ViISIBLE FEATURES AND
';é’
b
#
E

CAUSATIVE VARIABLE EXCEPT BEACH MATERIALS.

* For titles and subject mattesr of various volumes, B8ee Key
following title page of this volume.

i 6o
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3. Penetration - Compaction Studies

A small laboratory study of the relations
between penetrometer readings, compaction and 1
grain characteristics.

4, Wave Tank Investigation
A small investigation of general relations
between slope, slope variations and relative

stabllity as affected by changes in the

characteristics of waves acting upon materials
of different grain-size.

- 5. QGray Tone Studiles

e

A densitometric study of gray-tones on the

g beach as indicators of predominant sizes of
§ beach materials and their relative firmness.
' Each of these subdivigions is treated in other Volumes of this
E report.

§

i

f
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SECTION II
CORRELATIONS
of

GNIFICANT BEACH CHARACTERISTICS
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GENERAL

This section is concerned with correlations between
beach characteristics such as penetrations, slopes, widths,
composition, cusps and ripples. These correlations are based
upon actual data obtained during this study and upon nc other
data. (However, a brief evaluation of Technical Report # 2,
"Analysis of Beach Sands", is included as Appendix III).

The major factor desired from the correlations 1is an
index of the capacity of the beach materials to support imposed
wheel loads without excessive deformation. The index of capa-
city used in this report is degree of penetration*. In the
following pages, correlations between penetration readings
and beach features that are visible on aerial photographs can
be considered as '"primary'" correlations. Other correlations

have been included to provide additional information.

¥ Tnformation concerning the use of penetration readings as an
index of supporting capacity is given in:

Progress Report #l, "Relations Between Beach Features
Visible on Airphotos and Beach Trafficability"

Technical Report #4, '"Use of Penetration Devices on
Beaches"

Technical Report #6, Volume 4, "Penetration Readings

as an Index of the Supporting Capacity of Beach
Sands".

Alsc see CAUTIONARY NOTE at beginning of this Volume.

-0~

i



B T

IEE————————yTY LT T Lo R L

L

o M- - — -

" !"!é'"v“ WY e

SINGLE VERSUS MULTIPLE CORRELATIONS

When an airphoto interpreter makes an estimation of beach
trarficability by evaluating the significance of various beach
features, he may prcceed 1n three ways:

1. He may make a single estimation by evaluating
2 single feature (e.g. slope)

2. He may make several separate estimations by
evaluating several features and then make a
firal estimate by combining his several
results (e.g. slope, width, grain-size)

3. He may make a single eatimation by evaluating
the combined weighted significance of sev-
eral features (e.g. slope plus width plus
grain-gize).

In thie report, the first two methods are considered to

he use of gingle correlations. The third method

is based upon the use of & multiple correlation.

Multiple correlations appear to provide the best possibil-
ity for accurate estimation. Single correlations must be con-
quality, scale, instrumentation or personnel necessitate predic-
tion based on a single beach feature.

In this section, single and multiple correlations are

treated in the following order:

Y

i



Single correlations

a. PR" versus slopes

b. PR versus widths

c. PR versus sand characteristlcs

d. Sand characteristics versus slopes

e. Sand characteristics versus widths

Muitiple correlations

2. PR versus slopes plue widths

b. FR versus slopes plus D5o

¢. PR versus slopes plus graln-size clasa

d. PR versus slopes plus widths plus Dgg

e. PR versus slopes plus widths plus grain-size
class

Miscellaneous correlations involving cusps, ripples,

ete.

*See Glossary and Abbreviations
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SINGLE CORRELATIONS
PENETRATIONS versus SLOFE

For convenience of discussion, the following correlations
involving penetrations and slope are divided into those pertain-
ing to the foreshore and those pertaining to the backshore.

Within each zone, there may be occaslionally as many as
four different slopes, with the maximums beling several percent
higher than the minimums. In addition, there may be negative
or curving slopes, cusp developments and scarps.

After much preliminary analysis, the average slope within

each zone was chosen as the most desirable factor for use in
correlation. The average slope 1s defined in SECTION II.
Similarly, the average penetration reading (APR)* within each

Zone was chosen as the other factor for correlation. The
method of determinling the average penetration reading 1is also

described 1.1 SECTION II.

Drying Foreshore Zone

Figure 1 shows the correlation obtained between APR and
AFS®. This correlation is based upon 85 observations, taken
on beaches whose median grain size ranged froT*fine (0.13mm)
to very coarse (1.005mm) and whose divergences ranged from

0.1 tc 0.32. {This range covered approximately 90% of the

* “See Glossary and Abvreviations
#* See Flgure 10, Appendix A.
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divergenses Suserved. See Figures 13, 1ld and 15, Appendix B).

It may be assumcd, therefore, that the correlstion 1s not
appreciably affected by variations in median grain-size within
the sand range and that it covers a representative variation

in uniformity coefficients and grain-size distributions. Actual
data relating APR and AFS to grain-size characteristics are
included in following sections.

The statistical analysis yielding Figure 1 shows that a
first degree regression line of APR on AFS fits the data ade-
quately. The equation of this line 1s Y = 1.04 + 0.13X. It
is plotted as the center line. The envelope for accurate

predictiona of 80% probability is plotted on either side of

the center line. The statliastical analysis yielding this enve
lope is based upon an assumption regarding the distribution
of Y values® (APR values). The coefficient of correlation is
0.3610"7

Figure 1 shows an excellent correlation between APR and

AFS. For a given AFS, the certer line APR ¥ 0.3 inches will

o

predict the range within which the actus) APR will fall 80%
provided that numerous predietions are made. A
T 0.3 inches represents only 15% of the tctal normal

penetration readings.

—

Infortunately,; using a trafficablility dlagram of the

general type shown in Figure 2 1t is desirable to enter the

¥ This assumption and its validity are discussed 1in Appendix C.

*## Equations and descriptive coefficlents are tabulated for all
correlations in Appenrdix D.
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ieft side with as narrow an accurate range of penetration
readings as feasible. The desired range is not that of average

S penetrations, but rather that between the significant minimum

and maximum penetraticns for the zone in question, 1.e. those
penetrations on either side of the APR which extend for signi-
ficant distances and are not the result of local variations.

An analysis of the data regarding ranges of PR has shown

that for a given slope, the APR indicated by the center line

of Figure 1, * 0.5" will indicate the range of significant PR

RO A R A g MEIRRAM)

for entry into a trafficability diagram of the type shown in

Figure 2. As an example, for AFS of 7%, Figure 1 gives 8
center line APR of two inches. Two inches * 0.5 inch gives a
range of 1.5 - 2.5 1aches for entry into a trafficablility dia-
gram. The actual range 1s generally somewhat less. As men-

tioried in Volume 2 of this report, experience has indicated

-w@mmhm@mmmwmr

that the upper limit of the range shculd be broadened for slopes

{

in excess of 10§. This broadening 1s indicated by AB.
During the process of analysis, correlations between the

minimum penetration and AFS and between the range of penetrations

T b T R TR

- an 3 b IRy vy -t o 3
alid AI‘S WCLI'T pLULVLLECU,. T‘.

= : 1411 1t
ney were essentially similar

and are not included in this report.

Backshore Zone

Figure 3 shows the correlation between average backsnore

penetrations and average backshore slope. There 1s a slight

et il bl Aoty b et

SRR LY N e ey
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trend of the same nature as that shown for the dryling foreshore.
However, a lack of wave-action and the resuitant low moisture
content in the surface layers creates a condition such that

the backshore penetrations are relatively constant regardless
of grain-size, 1.e., grain-size becomes important only where
there is wave-wash and resultant moisture. Figure 3 substan-
tiates the statement made previously* that the backshore
penetration ranges between 2 - 3.5 inches unless the backshore
has teen recently ralned upon or has developed & crust. In

both of these cases, penetrations are lower.

*Progress Report #1, "Relations Between Beach Features Visible

on Airphotos and Beach Trafficability". Also see Volume 4§
of this report.
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SINGLE CORRELATIONS

PENETRATIONS versus WIDTH

The beach width for use in correlation must be chosen

wlth care.

Only the exposed width can be seen on alrphctos.

However, this width may vary:

1.

It may vary from time to time in response to
processes of deposition and erosion.

It may have total widths that are great only
because the backshore zone is wide. In many
cases, the backshore width is a function of
factors other than those which normally affect
the beach face (the normal yearly varlations
of these tides, wave-heights and currents).

It may vary due to the tide level. Two beaches
of significantly different widths and slopes
may show identical exposed widths at different
tidal levels within areas of different tidal

range.

In this study, the first variation is disregarded because

all beaches were observed "out of time". The second varilation

is cancelled because the backshore is subtracted from all width

observations and because observations were taken between low

and mid-tides. The third variation can be neglected because

all widths are expressed as "mean-sea-level-widths" (MSLW).

=19
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The method of obtaining the MSLW for a given observation 1s
deascribed in Anpendix A and illustrated ir Figure 9b.

Drying Foreshore Zone

Figure 4 shows the correlstion obtaineé between APR and
foreshore MSLW (Fs MSLW). This correlation, like those pre-
ceding it, is based upon observations taken on 85 beaches
whose materialr showed reasonable spreads of median grain-size
and grain-distributions. The resulting correlation may be
conasidered to be relatively iadependent of these factors.

Data relating APR and Fs MSLW is included in following sections.

The statistical analysis yielding Figure 4 shows that a
first degree regression line of APR on Fs MSLW fits the data
adequately. The equation of this line is Y = 2.533 + 0.0055Z.
The envelope for accurate predictions of 80% probability is
plotted on either side of the center line. The statistical
analysis yielding this envelope is based upon the usual
assumption regarding the distribution of Y-values (APR values).
The coefficient of correlation is 0.6303 (minus). The standard
error of estimate is O0.47.

The correlation between APR and Fs MSLW is not as good
as that between APR and AFS. For a given Fs MSLW, the center
line value of APR ¥ 0.5 inch will predict the range within
which the actual AFR will fall 80% of the time provided that

numerous prediciions are made. However, a range of ¥ 0.5 inch

-20-
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represents 25Z of the total normal range of penetration readings.

It is fortunate that, in using the above correlation to
predict trafficability, a range of significant drying foreshore
PR, not a range of drying fcreshore APR 1s reguired. An

analysis of the data regarding ranges of PR has ghown that,

for a given Fs MSLW, the APR indicated by the center line of

™NE -

Pigure 4 ¥ 0.6" will indicate u range of significant PR for

entry into a trafficability disgram of the type shown in
Figure 2.

As mentioned in Volume 2 of this report, experience has

indicated that the lower limit of the range should be broadened
for widths less than 100 feet. This broadening is indlcated
by line AB.
A correlation was obtained between total MSLW and APR.
It had essentially the same characteristics as that shown in

Figure 4. Other correlations, between APR and to

ot

al MSLW an

* S s v -

A
between range of PR and total MSLW showed the same trends as
that of Figure 4.

Backshore Zone

As indicated by Figure 4, there i8s no apparent relation
between APR and backshore width. 1In view of the constant range
of PR that can be assigned to the backshore, such a relation

is not to be expected.

-20-
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SINGLE CORRELATIONS
PENETRATION READINGS versus SAND CHARACTERISTICS

There are several prominent characteristics of beach
materials that can be used in correlation. These include;
l. G@Graln-sizes
2. Grain-size distributions
3. Graln shapes
4., G@Grain composition
A correlation involving one of these factors 1s complex,
even when using special materials prepared and tested under
laboratory controls. For example, a given beach material is
composed of numerous grain-sizes altogether ylelding a grain-
size distributicn. Which grain-size should be used for cor-
relation - the smallest, largest or middle one? Which charac-
teristic of the grain distribution "curve" should be treated
as an index of the entire '"curve'" shape? The authors believe
that such a correlation, in terms of beach materials, would be
& complex project even if it were the major objective of
investigation. In this study, correlations with grain charac-
teristics were given a supplementary position in relation to

those involving visible features such as s8lope and width.

Consequently, some of the following "correlations" are actually

surveys of variations with indicated trends.

In the following paragraphs, the only correlation for

-23-
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the backshore zone that has been included is that relating

backshore APR to backshore Dgg.

Drying Foreshore Penetrations versus Median Grain-Size

Figure 5 shows the correlation obtained between APR and
median grain size (D5o) of sands compoaing the foreshores.
D0 is given only in terms of vertical decimal intercepts,
(see Figure 10, Apyendix A).

The statistical analysis ylelding Figure 5 shows that a
first degree regressicn line of APR on Dgg fits the data ade-
quately. The equation of this line is Y = 7.1879 + 2.767IW.

It is plotted as the center line. The envelope for accurate
predictions of 80% probability is plotted on either side of the
center line. The statistical analysis ylielding this line is
based upon the usual assumption. The coefficient of correlation
is 0.7588 2nd the standard error of estimate is C,3G43.

This correlaticn appears to be quite good, belng almost
as satisfactory as that obtained between penetrations and
slopes. For a given Dgp the center line reading T 0.375" will

give the actual range of average penetretion resdings 804 of

the time, provided numerous predictions are made.

Ae mentioned in discussions of previous correlations, the

-

1

®

range of average penetraticns is of little in estimating

:

trafficability. A range defining all significant penetrations

on the foreshore 1s desired. Although the data was not thor-
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oughly analyzed, a hasty inspection indicated, that for a

given DSO the center line reading t 0.5" provides guch a range.
Unfortunately, the coirelation of Figure 5 is of little

use for practical purpcses unless a representative semple of

the beach sand is available for grain-size distribution analysis.

Figure 6 shows a correlation between backshore APR and

Dgp. It was not anslyzed statistically, the correlation line
being fitted by eye. Although there is a trend of the same
nature as that shown in Figure 5, 1t 18 approximately half as
pronounced. This indicates, similarly to Pigure 5, that while
graln-egize has an effect upon PR, it is not as pronounced as

the effect in the presence of moisture .

4 : Drying Foreshore Penetrations versus Grain-Size Penetrations

It is logical to expect that PR will decrease as a bheach
material approaches a bvetter graded condition. A trend to this

effect is shown on Figure 6. Results are tabulated below:

T/BLE I =
PROBABLE TREND of RELATION between APR and SAND GRADATION |

Gradation Characteristics ]" Perc-ntage of Pointe

Description Divergence Above i Below
Average Line | Average Line

Most uniformly
graded (poor 0.1-0.19 544 46%
gradaticn)

Next most uni-
formly graded

(slightly better| 0.2-0.29 45% | 55%
gradation) L ! o
Least uniformly 1 1008 (67%
graded (best 0.3-0.39 0% i below range
gradation) } envelope
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The preceding table shows that the best graded materials

are assocliated with penetrations that are less than average,

often consideradbly sc.
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SINGLE CORRELATIONS

SLOPE versus SAND CHARACTERISTICS

Median Grain-Size

Figure 7 shows the correlation obtained between AFS &and
Dgo for grain-size distributions whose divergences ranged from

0.1 to 0.39.

The statistical analysis ylelding Figure 7 shows that a
first degree regression line of Dgp on AFS fits the data. The
equation of this line i8 W = 0.033X - 2.11. No envelope of
80% probability is plotted on this diagram due to the apparently
skewed distribution of Dgg values (See Figure 11, Appendix BE).
This distribution invalidates the usual assumption regarding

Y values.
From the standnoint of experience, the dashed line in

the fine sand range of Figure 7 fits the data better than the

indicated regression line. In using this chart, it 18 recom-

mended that two regressidn lines be determined and Joined. One

A blimms Vdemao comesT A Y P S L I And
of these lines would be computed for data in the fine send r

The other would be based upon data in the medium and coarse
ranges. These 1lines would agree with experience better than the

indicated line.

The correlation between slopes and median grain slzes on
th

a

vackshore was not investigated.
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