APPENDIX L

Appendix L

Swvimming Pool Design Guidance

This appendix contains copies of the following two articles, which appeared
in the Winter 1996 and Winter 1997 issues of the Journal of Coastal
Research (JCR):

Scour Impact of Coastal Svimming Pools on Beach Systems, by
Soronnadi Nngji, Nur Yazdani, and Michelle Rambo-Roddenberry
(JCR, Winter 1996)

Conceptual Breakaway Svimming Pool Design for Coastal Areas, by
Nur Yazdani, Soronnadi Nngji, and Michelle Rambo-Roddenberry
(JCR, Winter 1997)

The research work reported in these papers was funded by a grant from
FEMA and the Florida Department of Environmental Protection (FDEP).
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INTRODUCTION

The State of Florida has an extensive tidal
shoreline, In recent vears, this shoreline has been
subjected to rapid development and construction
due Lo a massive population influx. Swimming
pools have become essential accessories attached
to habitable cosstal construction in terms of prop-
erty value and the tourism industry in Florida.
Virtually all of these pools are situated seaward
of the habitable structure.

The Federal Emergency Management Agency
(FEMA) oversess the construction of all stric-
tures (including pools) in the Coastal High Haz-
ard Areas (V-zones) in order for these structures
to be insured under the National Flood Insurance
Program ({MNFIP). These requirements are con-
tained in 44CFR Section 60.3 which states that
all new construction and substantial improve-
ments in Zones W1-Va0, VE, and ¥ shall have the
arga below the lowest floor level, either free of
ohstruction or constructed with non-supporting
breakaway walls or similar structures.

If & swimming pool is placed below the level of
& coastal building, but above natural grade, it may
behave as an ohstruction to the free Aow of flood
waler, A large object, such as a swimming pool,
placed above the natural grade may increase the
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turbulence of the floodwater, resulting in an in-
creéase in the scour potential under and around
pools and around the pile supports.

The objective of this paper was to formulate a
wave scour model around coastal swimming pools.
Optimum siting, sizing, and design econditions for
coastal pools need to be considered in order to
minimize unwanted scour effect on beach/dune
systems and adjacent structures. Siting aspects
inglude the encroachment, orientation and ele-
vation of pools, while sizing aspects include the
shape and depth of poals.

The effect of &8 swimming pool type massive
structure on coastal topography during a storm
has heen apparent over the years; however, doc-
umentation of this effect has started anly recently.
Mo bagic research has been performed to attempt
to understand this effect and to determine meth-
ods to minimize such costly damage.

LITERATURE REVIEW

Various studies have been performed on scour
around coastal structures, such as piers. abut-
ments, piles, pipelines, and seawalls during ex-
treme floosding. Several reports on scour evalua-
tion and methods for predicting scour eround
coastal structures were reviewed, including: Eanie
and HErBicH (1987), FroesrLicH (unknown),
HerBiCcH (1968, 1981), Ipranis and MaLcusr (un-
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known), Jamw and Frscuer (1878), Kanme (1963),
EKawara and TaucHiva (1988), KHANBILVARDI ef
al. (1988), Breuzers (1872), Hancu (18971},
Foruerey (1992), Fowrer (1902, 1983), Surp-
parD and MEporoDs (1990), BEance (1980), and
RicHarpson (18993). However, no previous or con-
tinuing studies were found which address scour
around coastal swimming pools. Additional stud-
ies have been performed in the Netherlands, UK.,
Japan and Norway. Most previous studies dealt
with scour around other types of coastal struc-
tures. The applicability of these models to coastal
gwimming pools is guestionable, especially he-
cause of the dissimilarity of gecmetric parame-
tars,

The authors were seeking a scour prediction
model that included most of the pertinent vari-
ables associated with coastal swimming pools and
yielded reasonable results. A model developed by
Herpicu (1984) for ultimate scour depth at sea-
walls was found to be one such model, This model
was developed wsing Prandtl’s boundary laver
theory along & flat plate, from the definition of
stream function and from the conlinuity equation
between a section before scouring and a section
when the ultimate scour is reached. Powerr. (1987)
cites the limitations of the Herbich equation are
as followsa: (1) the equation was only validated by
a few model tests, which were affected by acaling
errors; (2) the equation predicts the scour aver-
aged over a distance, rather than the depth of toe
scour; and [3) the equation was derived for non-
breaking waves and flat sea beds.

DEVELOPMENT OF SCOUR MODEL

Fertinent variables for predicting scour around
coastal swimming pools (based on literature re-
view) may include the following: wave height, me-
dian sediment dismeter, sediment density, fluid
dengity, shape factor, velocity of flow, wave length
(L), wave period (T), time (t), acceleration due to
gravity (g}, and structure height. A scour model
for coastal swimming pools was developed in this
paper based on the scour equation from HeErRBICH
(1954). The Herbich equation for ultimate scour
depth at seawalls is as follows:
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in which d = depth to still water level (SWL) at
the wall, A = wave height at the wall = H; + Hy
(incident wave height + reflected wave height),
C, = reflection coefficient = H,/H,, u. = local hor-
izontal velocity parallel to the bottom, C;, = co-
efficient of drag, p = density of water, § = angle
of repose of the sediment, d,;, = mean diameter
of the sediment, v, = specific weight of the sedi-
ment, and y = specific weight of the water.
From Das (1930), sand grain diameter ranges
from 0.075 to 4.75 mm (0.003 to 0.19 inch) (Lini-
fied Soil Classification System), and the specific
gravity of light colored sand may be assumed to
be about 2.65 The authors assumed the median
sand grain diameter to be 0.5 mm (0.02 inch).
From HErBICH ¢f al. (1984), the coefficient of drag
depends on the Revnolds number and the shape
factor of the sediment. The authors assumed a
value of 0.7 for the coefficient of drag for coastal
swimming pools in the turbulent zone. This value
was assumed from Hereicn et al. (1984) for an
average sediment shape factor of 0.7, The local
horizontal velocity parallel to the bottom, w., de-
pends on the water depth to wawve length ratio (d/
L}. This ratic determines whether the condition
iz shallow water (d/L < 4,), tranzitional water ('4,
= d/L = %), or deep water (d/L. = %) The fol-
lowing expression for u. for shallow water con-
ditions iz applicable for coastal swimming pools:

u. = Hf2(g/d)'*cos 6, (2)

in which H = wave height, d = water depth to
SWL, and #, = phase angle. The phase angle d_
can be expressed as 2ex/L — 2ob/T, where x is
the horizontal distance travelled by the wave, The
wave length can be found by the following equa-
tion for shallow water:

L = Tigd)*= (3)

The angle of repose of the sediment is found from
the relationship of components in Figure 1 (HER-
BICH, 1984). In this figure, the drag force Fy, and
the weight of the particle W may be expressed as:

F, = Cpolu?/2)(xd, /4) (4)

W = zd vy, — 7)/6 ()

From Figure 1,
f = tan-'[0.75 Copu.2fduly, — %)) (&)

From the Shore Protection Manual (U5, Army
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Figura 1.  Initiation of sand particls movement,

1984), the reflection coefficient C,, ia the ratio of
the reflected wave height to the incident wave
height, For perfect reflection, where the reflected
wave height equals the incident wave height, C,
is unity. This coefficient depends on the geometry
and roughness of the reflecting wall and possibly
on the wave steepness and the “wave height-to-
water depth” ratio. C, should be taken as 1.0 for
walls; 8 value less than 0.9 gshould not be used for
degign purpozes,

Scour around swimming pools may differ from
scour around seawalls because of two reasons. A
swimming pool has corners, while a seawall is as-
sumed to have an infinite length. Also, in the Her-
bich equation (Equation 1), there is no consid-
eration for overtopping by a wave. As shown in
Figure 2, overtopping is very probable for coastal
swimming pools in case of an extreme storm.

From physical modeling by Rance (1930} for
large objects, scour depth at the corners was as
much &5 18 times the scour depth in front of the
wall. The authors believe that this ratio may be
large because the sand that iz removed from the
front of the wall is replaced by the sand removed
from the corners. The scouring effect at the cor-
ners may cause an increase in the scour depth at
the corners and a decrease in the scour depth in
front of the wall. Thus, the authors believe that
the scour depth predicted by Equation 1 may be
a good representation of the average scour depth
along the wall for swimming poals.

As for the overtopping condition, for vertical
wallz, the least wave attack behind the wall and
the largest seour depth in front of the wall were
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Figure 2 Overtopping of pood wall by wave.
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observed to occur when the top elevation of the
wall was one wave height above the SWL (Kamip
1963). The largest wave attack on the area behind
the wall and the smallest scour in front of the wall
were ohserved when the top elevation of the wall
was at a half wave height below the SWL. From
these observations, it may be inferred that max-
imum scour gocurs before overtopping in general.
Thus, the authors assumed that the scour depth
predicted by Equation 1, even if overtopping oc-
curs, will provide an approximate conservative
prediction for the average scour depth along the
length of a coastal swimming pool wall.

Because the Herbich equation was derived for
non-breaking waves, the predicted scour depth
will probably be smaller than the actual scour
depth under breaking wave conditions. This is
due to the fact that breaking waves cause greater
geour than non-breaking waves.,

Predicted scour depths from Equation 1 for a
depth to SWL of 1.8 m (6 ft) and various values
of the coefficient of reflection is presented in Fig-
ure 3. Because C, is to be taken as 1.0 for design
purppses, a graph of scour depth versus wawve
height for several values of depth to SWL is pre-
sented in Figure 4 for C, equal to 1.0, In these
figures, the negative sign represents scour, or sand
being removed from the front of the wall. The
general trend is the decrease in scour depth with
the increase in wave height for a given depth to
BWL. Also, for & given wave height, the scour
depth increases, with an increase in depth to WL
Az the reflection coefficient increases, the scour
depth increases until H/d (wave height/water

Journal of Cossfal Hesearch, Vol 12, Mo 1, 159536
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Figure 3.  Scour depth vs. wave height, for depth to still water
level of 1.5 m.

depth to BWL) is approximately 0.7, which 1s gen-
erally accepted as the initiation point for breaking
waves (Figure 3). Tt is interesting to note that the
curves for the reflection coefficient cross at the
approximate value for H/d of 0.7, and the scour
depth begins to decrease with an increase in re-
flection coefficient. It should be noted that beyvond
the approximate value of 0.7 for H/d, Equation 1
may no longer be valid, because it was developed
for nonbreaking waves and not for breaking waves,

OFTIMUM SITING AND SIZING
CONDITIONS

The variahles in Equation 1 for scour prediction
are: wave period, wave height, depth to SWL, and
reflection coefficient, The first three variables are
gite apecific to a particular pool; therefore, general
conclusions cannot he made based on thess vari-
ables. Thus, the authors were not able to rec-
ommend general optimum siting/sizing aspects for
pools based on this equation. Other sources were
utitlized to make general conclusions for optimum
siting/sizing aspects.

Rawnce (1980) studied acour around large ob-
jects through physical modeling. His obhservations
are reproduced in Table 1. The following conelu-
sions may be made for coastal swimming pools
hased on Hance's observations: (1) & round swim-
ming pool is expected to experience approxi-
mately half the scour around a square pool; and
(2} rotating a square pool so that the wave angle
of attack iz 45 degrees causes approximately 40%
muore scour than a pool with a zero degree angle
of attack.

The following conclusions were made by Hi-
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Figure 4.  Scour depth va. wave helght, for reflection cosilicient
{C 1

cHarDSON (1983) for riverine piers: (1) an increase
in pier width causes an increase in scour depth;
i(2) with a zero degree angle of attack, pier length
does not gignificantly affect local scour depth; if
the pier is skewed, doubling the pier length in-
creases scour depth by 33%.

The following general conclusions about the ef-
fect of siting/sizing aspects on scour around coast-
al swimming pools are based on Richardson's ob-
servations: (1) a small angle of attack causes the
least scour; and (2) it is best to place the side of
the pool with the smaller dimension perpendic-
ular to the flow; for example, placing the longer
side perpendicular to the flow causes 2.5 times the
scour as placing the shorter side perpendicular to
the flow for a length to width ratio of 4; and (3)
a smaller length to width ratio causes less scour,

CONCLUSIONS

Scour around and under coastal structures such
as piers, abutments, piles, pipelines and seawalls
has been extensively studied in the TU.S.A, and in
countries such as the Netherlands, the UK., Ja-

Table 1. Scour oround objects with dinmeter larger (hon o
terth of a warslerngth (Rance, 1580).

Horizonial
Mazimum Extent al
Shape Scour Depth Seoar
Siow Dt o 0,064 Dp 075 Dp
. O 0,180 Dp 1.00 Dp
O 0.128 Dp 0.75 Dp

*Dp = eguivalent diameter of strocture

dournal of Cosstal Research, Vol. 12, No. 1, 1996
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pan and Morway. The applicability of thess mod-
els to a coastal swimming pool type structure has
ool been investigated. The Herbich equation
(1984) for ultimate scour depth at seawalls con-
tains most of the pertinent wariables for scour
around coastal swimming pools. This equation
does not include the effects of a wave overtopping
the pool wall or the effects of the corners of the
wall. The extent that these two parameters affect
around coastal swimming pools is expected to be
negligible. The Herbich equation is not intended
for use with elevated pools. A round swimming
pool is likely to experience approximately half the
scour experienced by a square pool. The angle of
attack of the wave directly affects scour around
copstal pools. A zero degree angle of attack is
likely to result in least acour. Placing the smaller
dimension of a rectangular pool parallel to the
shore (or perpendicular to the wave) is beneficial
in controlling scour around coastal pools. The
conclusions made in this study are strictly based
on theoretical studies and scour models for non-
swimming pool structures. Physical modeling of
coastal swimming pools is needed to validate pool
gcour models reported in this paper.

ACENOWLEDGEMENT

The research work reported in this paper was
funded by a grant from the Federal Emergency
Management Agency (FEMA) and the Florida
Department of Environmental Protection
{(FDEP). Special thanks are due to Clifford Oliver
from FEMA, Alfred Deveraux from FDEP, and
Paden Woodruff from FDEP for their valuable
suggestions. The authors are grateful to Cynthia
Mulkey for typing the manuscript and to Moorily
Suppiah for the graphics work.

LITERATURE CITED

Breuzers, HN.C., 1972, Local Seour Near Offshore
Btructures, Nfshore Hydrodynamics Symposium,
Proceedings, Qosterveld, MW.C., Wageningen,
Netherlgnds, August 25-26.

Dias, B.M., 1800, Principles of Geptechnical Engineer-
ing. 2nd ed,, Boston: PWES.Kent

Eapie, BW. and Hespicy, J.B,, 1987, Scour About &
Single, Cylindrical Pile Due to Combined Random
Waves and a Current. Proceedings, Twentieth Coast-
al Engineering Conference, V.3,

Foruerby, L., 1992, Foatings, Mats, Grout Bags, and
Tetrapods: Protection Methods Against Local Scour
af Bridge Prers. Boulder, Colorado State Univeraity.

Fowcres, J.E., 1982, Scour problems and methods for
prediction of maximum scour at vertical seawalls.
Costal _E'.r:ﬁ'irmrrfng Research f'.-g'ntr.r, Technizal Re-
port CERC-82-18, Decéember 1982,

Fowrer, J.E,, 1993, Coastal scour problems and meth-
ods for prediction of maximum scour. Coastal Engi-
neering Research Center, Technical Report CERC-
53-8, May 19393,

FroexvichH, DLC., Analysis of onsite measurementa of
scour at piers. Journol of Hydraulic Engineering,
[source unknown).

Hamew, DLLS,, 1971, Sur le Caleul des Affouwillements
Lacoux dans In Zone des Piles du Pont. Infern, Assoe.
for Hydraulic Research and Its Impact on the En-
wirpnment, V.3 paper C3E6

Heanicy, J.B. and Ko, 8.C., 1968, Scour of sand beaches
in fromt of seawalls, Proceedings, Eleventh Coastal
Engineering Conference,

Hermcw, J.B., 1881, Scour around pipelines and other
objects. Offshore Pipeline Design Elements, Chap.3,
1881, :

Hermcs, LB, Scuier, RE; Duniar, WA, and Wa-
Tamaie, K., 1984, Beaffoor Scour: Design Quide-
lines for Ocean-Found Structures, Mew York and Ba-
sel, Switz: Marce]l Dekler

Iemanim, A. and Navouml, C., Scour Prediction Around
Marine Pipelines, (source unknown).

Jarw, 8.C. and FiscHer, EE., 1579, Seour around cir-
cular bridge piers at high froude numbers. National
Technical Information Bervice, Document No. PH
Si-1538322 105, Dept. of Commence.

Kamms, A, 1961, Beach profiles s affected by vertical
walls. Beach Erssion Roard Technical Memo No, T34,

Kawara, ¥, and Tsucuiva, Y., 1988, Local seour around
cylindrical piles due to wave and currents combined.
Proceedings, Twenty-first Cosstal Engineering Con-
ference, Spain, V.2, Chap. 7.

Kuanmamvaron, BM.; AvnTar, MW, and Rocowskl,
A, 18838, Local scour around cylindrical objects.
Water Resowrces Bulletin,d American Water Re-
sources Association, 2404).

Powerr, KA., 1987, Toe scour at sea walls subject to
wave actlon, Hydraulica Research, Wallingford, Re-
port SK 118,

Ramce, P, 1880, The potential for scour around large
abjects. Seouwr Prevention Technigues Around Off-
shore Structures. The Society for Underwater Tech-
nology, Seminar in London, 16 December, 1580,

Ricnarpaowm, [, 18600, Evaluating scaur at bridges, Fed-
eral Highway Administration, Report No, FHWA-
[P-80-017, HEC 18.

Sverrann, LM, and MiEporops, AW, 1980 Local
Structure Induced Sediment Scour. Department of
Coastal and Oeeanographie Engineering, Unbrersity
of Florida.

U5, Anwy, 1084, Shore Protection Manuwal Washing-
ton: Constal Engineering Hesearch Center, Depart-
mxent of the Army, Volume I1, 4th ed.

APPENDIX II. NOTATION
The following svmbols are used in this paper:

A = wave height at the wall;
O, = coefficient of drag;
C, = reflection coefficient;
d = depth to still water level;
dy, = mean diameter of the sediment;
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Fp = drag force;

g = acceleration due to gravity;
H; = incident wave height;

H, = reflected wave height;

L = wawve length;

8 = ultimate scour depth;

T = wave period;

u. = logal horizontal velocity parallel to the
bottom;

horizontal distance traveled by the wave;
specific weight of the water;

specific weight of the sediment;

angle of repose of the sediment;

phase angle;

density of water






