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A theory for the forces exerted on piling by waves has been developed and con-
firmed by model studies (Morison, O'Brien, Johnson, and Schaaf, 1950). The re-
sults obtained by the application of this theory are of the correct order of mag-
nitude; however, additional laboratory and field experiments are desirable to de-
fine more accurately the values and limits of certain coefficients which enter the
theoretical relationships. It is the purpose of this paper to present the possible
calculations and the assumptions made with the limitation involved.

In the development of the theoretical relationship for the force on a piling
the wave profile is the trochodial form and the particle velocity and particle
acceleration are sinusoidal in form. The assumptions made in connection with this
theory are that the water depth is large compared to the wave length and that the
wave height is small compared to the wave length. However, the calculations using
this theory are accurate wherever the sinusoidal particle velocity distribution
shows good agreement with the actual distribution. This situation includes steep
waves 1n deep water and waves of low amplitude in shallow water where the wave
height 1s small compared to the water depth. The obvious excluslon is steep waves
in very shallow water. The horizontal particle velocity and acceleration are
given by the expressions:
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The physical significance of these symbols is shown in Fig. 1.

The force (F) on a differential section (dz) of a piling is
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water density WAVE DIRECTION

Vad

D = plle diameter

The first part of the force equa- A
tion represents the form drag caused by :/‘ ~~ :fi-—j”/;ftféf//
surface shear. The second part of the . ) L WATER LEY Y
equatlon 1s the acceleration force on
the displaced volume of fluid including
the virtual mass effect. The term vir- J_ *

tual mass may be explained as the in-
crease in force caused by an apparent

Particle
S
270°—F, M,

increase of the displaced mass of the Porticls

fluid when an object is accelerated in Orbut 8o
a fluid as compared to in a vacuum. *z xe
Thus, there i1s an apparent increase in

displaced volume without an actual in- +x

crease in the mass of the pile. The
two effects of the force are shown

1llustrated in Fig. 2. The force (F) 77777777 77777777 TITITTIT I IS TTITTITITITT,
1s a function of the depth below the
still-water level and the position Fig. 1
along the wave profile defined by ©. Schematic diagram of
The position is given by the expression: particle motion
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where x is defined in Fig. 1. l
\/ displaced volume

The moment at any point on the
pile is given by the expression
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Sinh % - Sinh %‘“—Z)-

Ky =—% (10)
L BT 2 snm%

\‘5"' FVERAGE, Co

N o Equation 6 does not include the vari-

o // ation of the leverarm due to the sur-~

7 face elevation. Thus, the equation
applies only in the case where the wave
7 height is small compared to the water
depth.

% 10 20 30 40 S50 60 70 8 90
B (DEGREES) The combination of forces indi-
cates that a maximum moment would occur
4 at an angular position,/ , other than
the position of the crest. The ex-
pression forlfeis given by

/ 4 sm‘l{T Cy D (1{1.(d+z)1:4)‘[> ()

8CpH (Ke—(d+z)K3)

6 23 The relationship of £ to Cy and Cp is
é}“ /// yd shown approximately by Fig. 3.
4 \)QQ 4 @\?
os “;\Q’ & & The angle, 4, approaches zero for
W & & ,44? steep waves in shallow water when the
2 K //r S pile diameter is relatively small com-
46{ pared to the wave helght. It approaches
/Aéé’ 90° when the wave length is long, the
% ¥@P water 1s deep, and the plle diameter 1s
/éép of the same order of magnitude as the

wave height.

As yet, no conclusive values of Cy
and Cp for ocean condition have been
obtained. These coefficients are em-
20 30 40 50 60 70 80 90 pirical and can only be evaluated from

B (DEGREES) measurements or by some relationship of
oscillatory flow to steady flow, or by
the extenslon of model study values.

Fig. 3
The following sample calculations
Relationships of angular position are presented to demonstrate the method
of maximum total moment from and are based on results obtained by
model studies model studies.
e SAMPLE CALCULATION I

«

TOTAL MOMENT ABOUT THE BOTTOM OF A PILE
Conditions:

10 sec.
1.5 ft.

10 ft. T
100 ft. D

H
d

Calculations (z = -100 ft.)

L, = 5.12 T2 = 512 ft. (subscript o designates deepwater
values)

Therefore
i
d/L, = 0.196
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From the Bulletin of the Beach Erosion Board, Special Issue No. 1, July 1, 1948,
d/L = 0.221 =0z2¢

and Le 9P L weseld
0 2217¢
L = 452 ft.
H/L = 0.02
D/H = 0.15
D?d 1.52 x 100
- = 4,97 x 10-3

HL ~ 102 x 452 Coryeetrong —me.
Puqt 370, TSL‘ -

pfo&.

Hence from Fig. 3

/Z = 0 to 15° (assume average value of 5°)
Therefore

Cp = 1.6 c. 220 (vse theoretical valve of 2.03
M

From equations 7 and 8 and the Bulletin of the Beach Erosion Board, Special Issue
No. 1, July 1, 1948

1.389 (1.880)-2.129 + 1.000 _
K - 2(1.880) = 0.395

_1/2[2.77712 + 2.777(8.006) -8.068 + 1
2~ 64 (1.880)2

= 0.0837

From equation 6 the terms,
(a + z) X3
(d +2) Ky =0 2.0

From equation 11 /
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Equation 6 reduces to,
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. 2-0(10212?22) (1.5) {}1.6(0.0837)(0-9848)2
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612,000 {0.1294 + 076205} = 91,600 ft.1bs.

4

"

SAMPLE CALCULATION II

TOTAL MOMENT ABOUT THE BOTTOM OF A PILE

Conditions
H = 10 ft. T = 10 sec.
d = 100 ft. D =6 ft.
Calculations (z = -100 ft.)
d4/L = 0.221
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H/L = 0.0221
D/H = 0.6

I = 452 ft. (same as for Sample Calculation I)

D%d _ 62 x 100 Lo-2
HAL T 102 x hs2 | 0T X

Hence from Fig. 3

A = 540 to 90° (assume average value of 700)
Therefore

CD = 2.0

CM x 2.0

Similarly, as in Sample Calculation I,

K; = 0.395; (a + z) K3 =0
K, = 0.0837; (d+2) Ky =0
- 6) 2.0 (0. .
A = stn I%Tio) =S Y%?géw) = stn”l (1.11), [ use 90°

Equation 6 reduces to

H2L2D {Tr D }
Moo= = —Ecy (1)
'z M (0. 395)

/b
_ 2.0 (102)(452)2(6) [ 6 976, oo L 163
——1(2.0)

H =2 00 ft.1lbs.
102 4 10 2
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