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FOREWORD 

Laboratory tests involving w~ve .action on sand beaches have 
frequently been observed to result in beach profiles which are 
often somewhat distorted as compared to the usually observed 
natural (field) beach profiles. This distortion appears to be 
mostly in the offshore area and consists of accentuated, yet 
systema tic, offshore bars and troughs. .It has been supposed 
that the formation and position of offshore bars and troughs in 
laboratory tests may well be greatly influenced by reflected 
waves set up in the wave tank when a constant period wave is 
utilized. The constant period type of tests appears to create 
nodal points, in terms of the propagated and reflected wave 
energies, thereby producing systematic peaks and troughs along 
the offshore profile. With the use of variable period waves, 
the propagated and reflected wave peaks and troughs would meet 
at many different points on the profile and their effects would 
tend to counterbalance each other. This report presents the 
results of a study of the effect on a beach profile of using a 
more general wave system in a wave tank (by varying the wave 
period about a mean value) as compared to using a constant wave 
period. 

At the time this report was prepared, the author, George M. Watts, 
was a hydraulic engineer in the Research Division of the Beach Erosion 
Board under the supervision of Joseph M. Caldwell, Chief of the Division. 
The technical staff of the Board was under the general supervision of 
Colonel J. U. Allen, Resident Member and R. O. Eaton, Chief Technical 
Assistant. The report was edited for publication by Albert C. Rayner, 
Chief, Project Development Division. Views and conclusions stated 
in the report are not necessarily those of the Beach Erosion Board. 

This report is published under authority of Public Law 166, 
79th Congress, approved July 31, 1945. 
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LABORATORY STUDY OF EFFECT OF VARYING WAVE PERIODS 
ON BEACH PROFILES 

BY 

George M. Watts 
Hydraulic Engineer, Engineering Division 
Beach Erosion Board, Corps of Engineers 

INTRODUCTION 

General. The accuracy of evaluating a beach erosion problem by 
an engineer is in part dependent upon his understanding of the funda
menta l principles involved. In obtaining basic information for an 
erosion st udy it is at times uneconomical or not feasible to perform 
the i nve st igation in a natural environment; consequently, laboratory 
models based on t he pr inciples of hydraulic similitude are employed 
when practicabl e to assist in solving the problem. Such has been the 
case of the study of beach profiles as related to the changes that 
occur when beaches are subjected to attack by waves of various 
characterist ic s. Ther e are many variables which influence the move
me nt of material on a beach under wave attack and it has seemed best 
t o approach t he laboratory study by isolation of certain variables. 
When a l l variables and their quantitative effects in producing the 
beach profiles are fully understood, a quantitative study incorporating 
all variables will be possible. One of the initial projects of the 
Beach Erosion Board pointed toward gaining a quantitative understanding 
of beach profile changes (1) used wave trains of a constant period. 
This study demonstrates the effect of certain physical factors which 
control the equilibrium profile of a beach and the interrelation of 
t hese f actors insofar as beaches at laboratory scale are concerned. 

Purpose. A survey indicates that the use of single-period wave 
t rai ns pr evails at present in most small-scale wave tank tests designed 
t o Btudy changes in beach profiles, including the study mentioned above. 
It is believed that such wave trains unduly accentuate profile ir
regularities peculiar to the wave period used. The purpose of this 
present study is to determine the desirable magnitude and frequency 
of varia t i ons in wave periods in wave tank tests, in order to eliminate 
profi l e i r r egularities resulting from the use of a fixed period, and 
thereby , approximate more marly the profiles resulting from a natural 
wave t rain with its variety of components. 

(1) Rector, R. L. - Laboratory Study of Equilibrium Profiles of Beaches, 
Beach Erosion Board Technical Memorandum No. 41, 1954. 



APPARATUS 

Wave Tank and Generator. The wave tank utilized for this study 
was 35 feet long, 14 feet wide and 4 feet deep. Longitudinal bulkheads 
~pacud 3.5 feet apart in the tank, as shown on Figure 1, provided four 
compartments which allowed different sizes of sands to be tested simul
taneously. The wave generator, shown on Figure 2, consists of a quarter
circle metal scoop powered by an electric motor through a system of gears. 
The scoop was given a rotary motion though adjustable ecceQtrics at the 
upper end of the scoop arms. By adjusting the eccentrics, the wave 
height could be regulated, and an adjustable vari-drive speed control 
unit provided a wave period control. 

Bed Material. The size frequency distributions of the four sanda 
used in the tests are shown in Figure 3. Materials whose median dia

meters were respectively 0.22, 0.46, and 3.44 millimeters were basic 
sands, whereas that of 1.20 millimeters median diameter was a mixture 
of the 0.46 and 3.44-millimeter sands. 

TEST PROCEDURE AND PRESENTATION OF RESULTS 

General Testing Program. The laboratory observations previously 
mentioned, indicated that profile changes occurring on a beach under 
wave attack are a function of the wave steepness and the grain-size 
distribution of the bed material. The wave steepness (ratio of the 
deep water wave height, Ho' to the deep water wave length, L ) is 
related to the wave periOd, and it is possible to create do~nant o~ 
shore or offShore material movements by manipulation of the wave period 
if the median grain-size of the movable material, relative to the wave 
lAngth, is within certain values. In order that a direct comparison 
could be made with the constant period test of the previous study, 
certain tests from that study were made the basis of the present study. 
One test selected used a long period wave where the net material move
ment was in an onshore direction; a second test used a short period 
wave where the net material movement was in an offshore direction. 
On the basis of the long and short period waves as the mean or "signif
icant" period of the wave train, a general program was arranged to test 
both short and long period waves with periods varied as follows. 

a. slightly and rapidly 
b. appreciably and rapidly 
c. slightly and slowly 
d. appreCiably and slowly 

The selected mean periods for the short and long period waves 
were respectively 2.00 and 2.68 seconds. The naximum period variation 
from the mean period was limited by the upper and lower limits of the· 
vari-dr1ve speed control which regula~d the period of the wave 88'Mratoq 
however, with both the long and short periods, it W8spo58ible to Obtain 
a plus or minus 30 percent variation, therefore this was oonsidered the 
"appreciable" variation. For the "slight" variation a plus or minus 
10 percent variation from the mean wave period was selected as being 
suitable. There is little recorded evidence concerning the frequency 
of wave period changes in a natural environlllltntJ however, as related 
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FIGURE I WAVE TANK AND PARTITIONS 

FIGURE 2 WAVE GENE RATOR 
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to model studies, it appears that changing the period every 10 minutes 
to a period greater or less (depending on the variation cycle) would 
represent a "rapidly" changing period, and a I-hour interval period 
change would best represent a "slowly" changing period. Since the 
period variation was to be fluctuated around the mean period, a def
inite pattern of period changes was developed, as illustrated in Figure 
4. As can be seen, neither extremity of the period variation is acc
entuated, but equally distributed from the mean period, relative to 
a "cycle" of variations. The time increment for example in Figure 4-C, 
in the short period wave, tJO percent period variation, indicates a 
2.00-second period was set at zero time and allowed to run for 10 minutes, 
after which time the period was changed to 2.30 seconds and allowed to 
run for 10 minutes, after which time the period was changed to 1.40 
seconds, and so on through the cycle; then the cycle was repeated until 
the end of the test. A survey of the constant-period tests which were 
to be compared with those of this study indicated that after 40 hours 
of test time an essentially stable beach profile had been obtained, 
therefore it was decided that 40 hours test time would be used in this 
study. 

Presentation of Tests and Results. The initial beach slopes on 
all tests were constructed to 1 on 20. The eccentrics attached to the 
wave generator scoop arms were adjusted to produce the same mean wave 
steepness values as obtained in the constant-period tests. The profiles 
of the four beaches were measured at the end of 15, 25, and 40 hours 
test time, for each test. As previously stated, the purpose of this 
study was to observe and evaluate the final shapes of the beach pro
file when the wave period is varied from a mean or significant period: 
first, either rapidly or slowly, and second, either slightly or appre
ciably. Profiles from the 2.00 and 2.68-second constant-period tests 
were the reference profiles used to evaluate these changes and the 
2.00 and 2.68-second periods are referred to as the mean or signif
icant periods. The first phaseof the study, utilizing the 2.00 and 
2.68-second mean periods, involved a study of the frequency of changing 
the wave period; the second phase of the stUdy involved studying the 
magnitude of the period changes. Actually, the same set of tests was 
used for the two phases, the analysis in each phase being handled to 
fit the purpose. Included in the first phase of study is the magnitude 
of the 10-minute or hourly period changes, and this range was pre
viously fixed at C10 percent and t)0 percent from the mean or signif
icant period. Figures 5 and 6 are the resulting beach profiles for 
this phase of the study. The mean or significant period is 2.00 
seconds for Figures 5A and SB; the four sets of profiles in each figure 
represent the results for the four sizes of sand. In Figure SA the 
profiles are for tests in which the period was varied every 10 minutes, 
also every hour, with a magnitude of C10 percent; the magnitude of 
period variation and the changing of the period within a cycle being 
patterned after that illustrated in Figures 4A and 4B. Similarly 
Figure 5B shows profiles for period variations with the magnitude of 
~O percent, patterned after those illustrated in Figures 4C and 40. 
Also included in Figures 5A and SB are the results for the constant
period tests. 
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Figures 6A and 6B are the resulting profiles for tests conducted ident
ically with those presented in Figures 5A and 5B" except that the mean 
or significant period in Figures 6A and 6B is 2.68 seconds. Figure 
6A represents the results of tests as patterned after the period 
variations illustrated in Flgures 4E and 4F, and Fj gure 6B represents 
the results of tests as patterned after the period variations ill
ustrated in Figures 4G and 4H. The comparable constant-period tests 
results are also included in Figures 6A and 6B. 

The data from the tests, as presented in Figures 5 and 6, were 
replotted to evaluate the second phase of the study. The second phase 
involved the evaluation of changes in the final shape of the beach 
profile when the magnitude of period variation was either tlO percent 
or t)0 percent from a mean or significant period; again the 2.00 and 
2.68-second constant-period tests being the reference profiles to 
note these changes. Included in this second phase of study is the 
frequency of period variation. That is, tests which indicate the mag
nitude of period variation to be tlO percent or tJO percent, include 
period changes every 10 minutes and every hour. The results for this 
second phase of study are presented in Figures 7 and 8. The mean or 
significant period is 2.00 seconds for Figures 7A and 7B and the four 
sets of profiles in each figure represent the results for each type of 
sand. In each set of profiles in Figures 7A and 7B, the constant
period test results have been plotted for comparative purposes. In 
Figure 7A the resulting profiles are plotted where the period was varied 
tlO percent and t30 percent, with the period being changed every 10 
minutes in both cases; the changing of the period within a cycle being 
that patterned after the illustrations in Figures 4A and 4C. Figure 7B 
is a plot of the results where the period was again varied tlO percent 
and t)0 percent, but the period changed every hour; the changing of the 
period within a cycle being that patterned after the illustration in 
Figures 4B and 4D. Figures 8A and 8B are plots of test results for 
tests similar to those presented in Figures 7A and 7B except the mean 
or significant period in Figures 8A and 8B is 2.68 seconds. Figure 
8A shows the plotted results of tests patterned after the period 
variations illustrated in Figures 4E and 4G, and Figure 8B represents 
the results of tests patterned after the period variations illustrated 
in Figures 4F and 4H. The constant-period test results are also in
cluded in Figures 8A and 8B. 

ANALYSIS OF RESULTS 

Frequency of variations. The varied period test results in 
Figures ~~ and S illustrate the changes in the final beach profile 
when the 'period is changed every 10 minutes or every hour during the 
course of the test. Figures » and 8. present the test data for 2.00 

~ , 

and 2.68-second mean perl.ods respectively. In Figures )'l" and 8 the 
noted differences in final profiles for each type of sand are very 
slight, except that the lO-minute changes produced a smoother profile 
than the I-hour changes. 

Magnitude of period variations. Figures 7 and 8 are the final 
beach profiles for stUdying the effect of varying the period either 
tlO percent or t)0 percent from the mean period. Figures 7 and 8 

6 



-; .., 
c 2.60 0 
<.> .. 

2.40 1/1 

'" 2.20 
c - 2.00 
OJ 
(/l 1.80 

.., 1.60 
0 
;: 

1.40 .. 
Il. 

• 3.48 .., 
c 
0 3.28 <> .. 

3.08 '" 
2 .88 

'" "E 2.68 
t; 
/J) 2.48 
.., 2.28 
0 
;: 2.08 .. 
Il. 

1.8 

Meon 

Mean 

± 10°/0 VarIa

tion with in eoch 

cycle 

A 

r-

I--

o 10 20 3040 
Minutes 

Period chonQed 

every 10 minutes 

E 

FIG.4 

±to0/o Varia

tion wi thin eaCh 

cycle 

B 

~ 

-

o I 234 
Hours 

Period chanQlld 

every hour 

F 

± 30':>;0 Va rlotlon within 

eoch cycle 

r--

~ 

C 

Short Period WQve 

r-

~ 

o 10 20 30 40 50 6070 80 
Minutes 

Period chanQed every 10 

minutes 

G 

LonQ Period Wave 

±-300/0 Variation wlthlh 

each cycle 

r-

-
) 

r--

-

01234~678 
Houra 

Period chahQed every hour 

H 

PATTERNS OF WAVE PER'IOD VARIATIONS 

7 



exl 

60 

o.46mm 

~~- "'-- ' 

1.20mm 

lHUl./I;L SLOP( 

. 

~ .. ' 

," 7 

~ - . 

. ..----------- ~ 3.44mm 

...-----.. 
•. .----

LEGE"" 
_ WINE PERICO 2 .00 S£C . 

_________ -.1- psqlOD VARIED !IO"4 FROM .... EAN P£RIOD;PERI OO CHANGED EVERY I() MINUTES 

!I O~ HOJR 

_ __ _ __ _ _ CONSTANT PERIOD T[ S T (200SEC ) 

T[ST TIME' 40 HOURS 

STATIONS ALONG TAN K. IN FEET 

FIGURE 5 EFFECT OF FREQUENCY OF PERIOD VARIATIONS 

lO 

~ ---- 0 

1.0 

'.0 

" .0 

FIGiJ"E 5A 

I
W 

~ 



----------------------
60 

FIGURE 5 

3.44mm 

LEGEND 

MEAN WAVE PERIOO 2.00 SEC. 
PERIOD VAR IE D !30'Y .. FROM MEAN PERIOO ; PERIOO CHANGED EVERY 10 MINUTES 

,30~ HOUR 

CON S TANT PERIOD TEST f2.00SEC) 

TEST TIME· 4 0 HOURS 

I I 
40 !b 20 

STATIONS ALONG TANK fN FEET 

EFFECT OF FREQUENCY OF PERIOD VARIATIONS 

o 

.0 

.0 

FIGURE 5B 

10 o 



.0 

1.0 

, . 
: 0 

1.0 

o 

1.0 

LEGEND FIGIJiE GA 
"".... WAlE PERIOO 2.68 SEC 
PERIOQ VARIED !: Itn. ~ROM MEAN PERIOD,PERIOO Ct-iANGEO EVERY 10 MIM.lTES 

"0.... • HOUR 

CONSTANT PERIO~ TEST (2 .66 SEC 1 

TEST TIME - 40 HOURS 

50 40 . 
STATIONS ALONG TANK IN FEET 

o 10 o 

FIGURE 6 - EFFECT OF FREQUENCY OF PERIOD VARIATIONS 



..... -

60 ~o 

3.44mm 

LEGEND 

hE»< -r P£JIOO z.68 SEC. 

_SWL ___ _ 

~_~_ PER'OO VAR'ED :307. FROM MEAN PER'OO ;PERIOO CHANGED EVERY'O ",NUTES 

'307. HOUR 
CONSTANT P£A'OO TEST (2.68 SEC ) 

TEST TIM[ · 40 HOURS 

zb 
STATIONS ALONG TANK IN FEET 

FIG~E 6 - EFFECT OF FREQUENCY OF PERIOD VARIATIONS 

FIGLRE 68 

.0 

'0...1 . 

LO 

10 

... ... ... 



_SWL __ 

--,,-

LEGEND 

MEAN W/WE PERIOO 2.00 SEC. 
PEAIOD VARIED :!IO'. FROM MEAN PERI001PERlOO CHANGED EVERY 10 MINUTES 

no... . 10 

CONSTANT PERIOD TEST 1200 SEC) 

TEST TIME - 40 HOURS 

60 50 40 
STATIONS ALONG TANPI'i IN FEET 

20 

FIGURE 7 - EFFECT OF MAGNITUDE OF PERIOD VARIATIONS 

FIGURE 7A 

10 

1.0 

o 

1.0 

- - 0 

~ 
-' 
« 
:'! 
~ 

1.0 -l 

-' 
~ 

1.0 

o 

.0 

o 



60 so 

3.44mm 

LEGEND 

MEAN I'/lI.'t PERIOO 200 SEC. 

,,--- PERIOD VARIED '!"IO," FROM MEAN PERIOD; PERIOD CHANGED EVERY HOUR 

~30Y. • 
CONSTANT PERIOD TEST (2 .00 SEC.) 

TEST TIME· 4 0 HOURS 

4
1
0 3'0 

STATIONS ALONG TAN~ IN FEET 
20 

FIGURE 7 - EFFECT OF MAGNITUDE OF PERIOD VARIATIONS 

. 10 

10 , 

~ 

10 

o 

1.0 

1.0 

FIGURE 79 

10 o 



60 50 

LEGENO 

~ WlNE PERlO() 2.65 SEc. 
PERIOD vARIED !I.O". FROM MEAN PERIOD; PERIOD CHANGED EVERY 10 MINUTES 

~O'X. • 10 

CONSTANT PERIOD TEST (268 SEC) 

TEST TIME - 40 HOURS 
I I 

40 30 
STATIONS ALONG TANK IN FEET 

FIGURE 8 - EFFECT OF MAGNITUDE OF PERIOD VARIATIONS 

o 

10 

o 

·,to 

FIGURE SA 

o 



.. ... . /~ 
V ' --

INITIAL !lL O':'E 

_SW. ____ . _~ . 

. . . -- / 
. ~· 7 

;~y-

/-
. . "-

_ !iWL ___ . --:- ...• .. _ _ ~_ ~ ____ -- 0 

. ' ----
(/" --- / .. , . ./ --- - -- =-~ _ .... . 

./{ 
./ . , 

I ., . 

;7
" ~ ~<,.~ -----_. I 

-- /./' 

I>f'AN WAVE PERIOD 2 68 SEC. 
PER IOD VAR IED !. I O~ FROM MEAN PERIOD; PERleY.) CHANGED EVERY HOUR 

!30'4 • 
CON STAN T PER IOD TESTS (2 68 SEC) 
TE ST TIME· 40 HOURS 

FIGURE 88 

10 

o 

10 

L----L-----6~~O----------.5nO-----~-----.4~'-----------,~---~-----~--------~~----------'O 
STATIONS ALONG TANK IN FEET 

FIGURE 8 EFFECT OF MAGNITUDE OF PERIOD VARIATIONS 



present test data for the 2.00 and 2. G8-::;econd mean periods. In 
general, the resulting profiles in Figures 7 and 8 for each type of 
sand are similar except that the i 30 percent changes in period pro
duced a smoother profile than the tlO percent changes. 

Comparison of constant period and variable period profiles. In 
comparing t he resulting prof iles f or the constant period tests and 
variables period t '':SJts, only FigurA s 5 and 6 are considered, since 
Figures 7 and 8 are the re mllts of rearranging the data from Figures 
5 and 6 to bring out any di f e rences within the variable period tests. 
Th8 results ::in Figure 5A indica te that if the period is varied t lO per
cent from the 2.00-second mean period, the agreement between the con
stant period and variable period profiles remains essentially the 
same whether the peri od be varied every 10 minutes or every hour. 
The foreshore and offshore slope s of t he f i nal profiles agree very 
closely for the two types of test s . The relative positions along 
the wave tank of crests in accretion zones and troughs in eroded 
zones do not exactly agree for the four sizes of sands used, however 
the net volume of material movement appea rs to be nearly equal. 
Pr obably the most significant difference wa s that the tendency for 
a series of offshore bars or ridges to be formed is greatest in 
the constant period test, noticeably less in the test with hourly 
changes, and very little in evidence in the test with 10-minute 
changes. In Figure 5B where the period wa s varied t 30 percent 
from the 2.00-second mean period, there is a slight indication 
that when the period was changed every 10 minutes - as compared to 
every hour - closer agreement exist s between the constant period 
and variable period profiles. This seems to be the case for all 
types of sands used. The final profiles in Figure 5B have essentially 
the same foreshore and offshore slopes; and the net volume of material 
movement appears to be essentially equal for the four sizes of sands 
used. There are systems of offshore bars and troughs formed by the 
constant period tests wi th the sys t ems being most predominant for 
the 0.46-millimeter sand. The resulting profiles of the variable 
period tests indicate that a t lO per cent period variation tends to 
reduce the bar and trough syst em and a t30 percent variation nearly 
eliminates it. 

The results in Figure ~ indicat e that if the period is varied 
tlO percent from the 2. 68- s econd mean period, the agreement between 
the constant period and variable period profiles remains essentially 
the same whether the period is varied every 10 minutes or every hour. 
The most apparent difference in re sl.lting profiles appears for the 
O.22-millimeter sand. Here, the r esults sh aw that t he constant 
period wave attack created a definite foreshore accretion with off
shore erosion, whe r eas the vari able peri od Wave attack created a 
slight foreshore accreti on , a sli ght offshore accretion, and erosi on 
or sc our between the fore shore a nd offshor e . The 0.46, 1.20 and 
3.44-millims t er sands show similar resulting profiles when the 
constant period and variable period tes t s are compared; the general 
mat erial move me nt being that of f or eshore accr etion with offshore 
erosi on. 
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The crest positions of the shore mound for the constant period tests 
are located seaward of those for the variable period tests. The net 
volume of material movement seems to be nearly equal for the three 
coarser sands, but for the 0.22-millimeter sand the constant period 
tests created the greatest material movement. The resulting pro
files, excluding those for the 0.22-millimet~r sand, indicate that 
the foreshore and offshore slopes are similar for the constant and 
varia.ble period tests. The offshore bar and trough arrangement 
for the 0.22-millimeter sand was very mticeable for the constant 
period and the hourly change tests, but was practically eliminated 
by the 10-minute changes. The results in Fi~ure 6B where the period 
was varied tJO percent from the mean 2.68-second period also indicate 
that the agreement between the constant period and variable period 
profiles ~ins essentially the same whether the period is varied 
every 10 minutes or every hour. The relative differences between 
the constant and variable period tests as pointed out for Figure 6A 
seem quantitatively about the same as in Figure 6B for the tJO percent 
period variation. 

DISCUSSION 

Comparison of Constant Period and Variable Period Tests. One 
significant result of this series of tests is in the comparison of 
foreshore and offshore slopes. Except with the O.22-millimeter sand, 
the foreshore and offshore slopes formed by the constant period tests 
agree very closely with the slopes formed when the wave period was 
varied. The fact that the period was varied tlO percent or tJO per
cent from the mean period, with the actual period changes being made 
either every 10 minutes or every hour, seemed to introduce few 
appreciable changes in the final profile slopes for sands other 
than the 0.22-rr~11imeter sand. The smaller features of the profile, 
such as the small sand ridges and sand wave, were accentuated by the 
constant period tests and largely eliminated by the i?O percent period 
change made at 10-minute intervals. 

A comparison of results of these tests does show that the 
volume of material movement can be influenced by varying the period. 
This seems to be most apparent in the finer sized beach meterial as 
illustrated in Figures 5A and 6A. In Figure 5A, the constant period 
wave attack on 0.22-millimeter sand produced a final beach profile 
that shows foreshore erosion and offshore accretion. The variable 
period tests in this figure indicate the same type of results, however 
the magnitude of foreshore erosion and offshore accretion is slightly 
reduced. In Figure 6A, the constant period wave attack on 0.22-
millimeter sand produced a final beach profile that shows foreshore 
accretion and offshore erosion, whereas the variable period tests 
indicate no predominant direction of movement; the material movement 
resulting in slight offshore accretion and slight foreshore accretion 
with scour between these zones. In order to evaluate this change 
in volume of material movement which is due to a fluctuation of the 
wave period, the constant period profiles for the O.22-millimeter 
sand in Figures 5A and 6A should be noted. Here the initial slopes, 
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the bed material, and length of test time were the same; the only 
difference between the two tests being in the wave period and con
sequently in the wave steepness. In Figure 5A where the wave period 
was 2.0 seconds, the wave steepness value was approximately 0.0300 
and in Figure 6A with the 2.68-second period, the wave steepness 
value was approximately 0.0113. For the two tests the wave period 
was decreased some 25 percent whereas the wave steepness was de
creased approximately 62 percent. Since the 0.0300 wave steepness 
setting indicates definite foreshore erosion with offshore accretion, 
and the 0.0113 wave steepness indicates definite foreshore accretion 
with offshore erosion, it can be assumed that at some value of wave 
steepness between 0.0113 and 0.03 there will be no dominant direction 
of material movement. 

It is possible that this condition has been approached for the 
variable period tests, Figure 6A (0.22-millimeter sand). Specifically, 
as the mean 2.68-second wave period was decreased, the resulting wave 
characteristic created erosion of the foreshore and an increase of the 
period initiated accretion on the foreshore; with the net dominant 
direction of material movement being difficult to establish. It 
seems logical to assume that if the period is varied equally from 
the mean period, the final stable profile of the variable period and 
constant period tests should be identical; with possibly much more 
testing time this reasoning could be established since the foreshore 
slopes of the variable and constant period profiles are somewhat 
similar. 

It can be noted in the finer sands(O.22 and 0.46-millimeter) 
that the constant period tests tend to form patterns of offshore 
bars and troughs, and with a variation of·the wave period the bars 
and troughs are reduced. It is believed the bars and troughs are 
initially formed by the reflection of wave energy off the beach; 
this action is particularly noticeab19 for the constant period tests. 
In general, if all the propagated wave energy reaching the shore is 
not dissipated, some of the 'wave energy will be periodically reflected 
seaward. This reflected energy along with the energy of the propagated 
or approaching waves creates nodal zones along the bottom and the 
total result is a system of offshore bars and troughs with their 
position relative to the wave tank being greatly influenced by the 
reflected energy. As the wave period is varied from a mean or 
significant value, the unvarying, repetitive action of the system 
is somewhat broken up and the magnitude of offshore bar and trough 
formation is reduced. Similar systems of bars and troughs exist 
in a natural environment, therefore the relative influence of a 
variable period on the system in laboratory wave tank tests involving 
movable beds may be an important factor in improving laboratory 
techniques. 

Variable Period Tests. The results of this series of tests 
indicate that for the three larger sands the final foreshore and 
offshore slopes are essentially unaffected when either of the two 
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magnitudes of period variations (tlO percent and tJO percent) are 
employed. Also, the frequency of changing the period (every 10 minutes 
or every hour) indicates little effect on the final slopes. The small 
differences in profiles appears to be only in relative points of 
material movement. The slopes of the 0.22-millimeter sand appear 
to be influenced to some degree by varying the wave period. 

The influence of varying the period tlO percent or i30 percent 
from a mean period is most noticeable in the reduction of the sys
tematic offshore bar and trough formations which are prevalent in 
the finer sands for constant period tests. The t30 percent period 
variation is more effective in reducing the amplitude of the bars. 
In terms of frequency of changing the period it appears that the 
offshore bar and trough formations are less apparent when the period 
is changed every 10 minutes. 

CONCLUSIONS 

The most apparent conclusion from this laboratory study is that 
by varying the wave period tlO percent or t30 percent from a mean 
period with the actual period changes being made every 10 minutes 
or every hour, finalforeshora and offshore slopes were produced 
that were essentially identical to those formed by a constant period 
wave attack. 

In general, the variable period tests created less actual 
material movement for the length of test time used in this study, 
than constant period tests, the differences in material movement 
being significant for the 0.22-millimAter sand, relatively small 
for the 0.46-millimeter sand, and insignificant for the 1.20 and 
3.44-millimeter materials. 

The offshore bar and trough formations, which are inherent in 
constant period period tests of this type, were greatly reduced by 
the variable period tests, the t30 percent period variation and the 
10-minute changes being most effective. 
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