
CHAPTER 129 

CONCEPTS IN DESIGN OF COASTAL STRUCTURES 

Casimir J. Kray* 

Timber Structures 

Certain design of the existing and proposed coastal struc- 
tures for lateral loading in the United States is presently 
based upon the use of timber which is structurally ineffi- 
cient in the elastic range.  Figure 1, for example, indicates 
the plan of timber pile structure.  This is a low- capacity 
dolphin composed of 19 piles, where piles in line of load carry 
two times axial load and three times larger shear than next piles 
in line of load. 

A relatively small load will be conducive to yield in the 
tension or compression members. Repetitive loading will grad- 
ually cause collapse of such structure. 

Being inefficient in the elastic range, timber structures 
may nevertheless, be adequate to provide safety for condition 
of shallow water, moderate wind pressures, moderate tides, and 
for moderate cross and reversing currents.  However, such fac- 
tors as:  traffic safety, the possibility of marine borer attack, 
the location of structures in greater water depths, where they 
are exposed to waves, currents, tides, winds, and floating ob- 
jects, indicate a need for larger capacity, more reliable and 
functional coastal structures consistent with the growing require- 
ments . 

Alternate Materials and Structural Considerations 

The other type of coastal, rigid type structures, using 
reinforced concrete or structural steel with extensive brac- 
ing or with batter piles, are expensive and unyielding.  This 
stiffness may be a reason for inflicted damages to the vessels 
and to structures themselves upon contact.  These rigid struc- 
tures are also prone to catastrophic failures during earthquakes. 

*Consultant, Waterfront Structures, Naval Facilities Engineering 
Command, Alexandria, VA 
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By reason of the foregoing shortcomings of timber structures m 
general and rigidity of reinforced concrete, there is a trend 
in the Navy to high strength steel tubular sections, to be used 
singularly, or in groups for resilient type structures, see rig. /. 
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COHfcSiOHLfcSS   FOUNDATION   SOIL 
PIL& size. 
d>,\u   -t- IN 

-EMBEDMENT 
DE-PTH   ft 

-FORCE F 
KIPS 

ENER&Y -fc 

36* V-4- 4o Z7 3 0 
48 x 3/4- 48 48 45 

60 * 3/4- 7 2. 74 65 

60 <   | 7 6 I 0 0 97 
60 *   1 '/if- 7 9 12.5 131 

60 ^  | i/i 8^ 1 5 3 167 

72 x 4/4- 8 0 106 84 

72L *   1 84 143 ISO 

71 *   1 1/4- 88 180 175 

72. *  1 '/*- 9 1 ZIZ 2.22 

NJOT&: 

I. fy = 6 0 K5!-ys=.05k/FTa.f= 7 K/FT%-KP-3 

Z. FORCE, APPLICATION   H = 50f-T 
ABOV-E- THE CoHESloHLESS    BOTTOM 

FOUNDATION 1 CHARACTERISTIC 
SOIL        1      LtNGTH 

DEPTH OF EMBEDMENT FOR. 
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COHESION LESS T=$£I/f MiN. hT= 3T 
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FIG 3 - CAPACITIES OF VARIOUS SIZE 
ROUND TUBE STEEL PILES 
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Such steel piles will provide: 

a. Improved pile to soil transfer of forces. 

b. More efficient sharing of centric and eccentric forces 
by all piles; also better resistance to torsional forces, 
and better mobilization of torsional strains, to enable 
high energy storage. 

c. Possibilities of larger deflections, for high energy 
absorption in bending, because the flexural elastic strain 
energy for steel is very high.  Grade of steel can be 
varied in each pile, during the fabrication process. 

d. Far greater efficiency in torsion, remarkably more than 
that in bending. 

This is because the torsional shear stress is the same around 
the circumference of the pile and along its length.  That ad- 
vantage should be distinguished from bending stresses, which 
vary from zero at neutral axis, to a maximum at extreme fibers 
of the cross section; and from zero at the top of the pile to 
the maximum at the bottom. 
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FIG 4 - ULTIMATE LOAD CONDITIONS FOR A PILE 
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Some assumptions made for design of resilient structures with 
tubular, round steel piles are: 

a. Slope changes at upper ends of group of two piles 
(or more) should not be constrained, which is partic- 
ularly important in weak soils. 
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FIG 5 - VARYING CAPACITY PROTECTIVE STRUCTURES 
ALTfiRNATive CONFIGURATIONS 
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b. 50% of yield point in piles is used for mooring 
and for berthing forces. 

c. 75% of yield point is used for energy absorption. 

d. 1/8" wall thickness is provided additionally, 
for effects of corrosion. 

V 

i      T \5/ c T I c    (REQUIRED FOR "IONS piue" 
hT=3\/tWI *f    BEHAVIOR) 

CONVENTIONAL 
PILE EMBEDMENT 

DISTRIBUTION OF       DEFLECTED 
SOIL STIFFNESS     SHAPE OF PILE 

FIG 7 - PILE-SOIL INTERACTION 
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For illustration, figure 3 lists static force and energy 
absorbing capacities of various size tubular steel piles in 
cohesionless subgrade soil for forces applied at 50 ft from 
the bottom of the sea. 

In consideration of the above-described items, there might 
be circumstances in which it would be desirable to transfer 
lateral forces acting on coastal structures into the soil through 
piles in bending, without the severe constraints to such bending- 
which are imposed by soil behavior. 

Regarding soil pile interaction, see figure 4 for the 
ultimate load capacity of a pile in cohesionless soil.  It is 
assumed in figure 4, that the pile reaches its ultimate load 
condition, when a yield hinge develops at a certain depth.  This 
is a commonly used approximation for interaction with cohesionless 
subgrade soil.  In such a case, passive soil pressure counteracts 
the horizontal force action.  Yield moment in the pile resists 
bending moment, caused by the horizontal forces. 
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FIG 9 - RELATIVE-BENDING MOMENTS & SOIL PRESSURES 
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After deciding on the kind of piles most suitable for field 
conditions, next it will be the intent of the designer to optimize 
the structure-to-ground interface, for improved structural 
response to lateral loading. 

Design Concepts in Development 

Such structures which resist lateral load by pile bending, 
rather than by axial forces in piles, batter piles, or in the 
bracing; can absorb large amounts of energy, a major consideration 
in case of contact with floating objects propelled by wind, current, 
tides, and wave action.  In the exploitation of this advantageous 
characteristic of piles in bending for coastal structures, it 
would be desirable to use structural steel- round tubular piles, 
preferably of high-yield strength. 
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Figure 5 shows structures composed of single, two pile and 
three pile dolphins, for protection of other vulnerable coastal 
installations or vessels from damage upon contact. Also, often 
they supplement lateral resistance of piers, wharves or quay 
walls, themselves not capable of supporting larger lateral 
loads. Figure 6 is an arrangement in plan of piles for various 
response, used for the single, double, and multiple pile action. 

However, piles of such structures develop large shear and 
bending moment at the seabed elevation and imply lateral soil 
pressures which may well be above the elastic capability of many 
soils. 

The loading, moments and forces are concentrated at the 
upper end of embedments where the soil is least resistant, see 
figure 7. 

Therefore, certain improvisations are possible in order to 
provide for greater efficiency and safety in the applications 
of structural steel piles in coastal structures.  For examples, 
the following could be done: 
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FIG 13 - DETAIL OF SLIP JOINT IN PILES 
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The Sleeve Concept 

In case of large shear and bending moment together with 
poor soil condition, the desired flexibility can be achieved by 
isolating the upper portion of the embedded section of pile from 
the soil contact by driving it through a pipe sleeve of larger 
diameter, see figure 8,which sketches three arrangements for 
transfer of forces from pile to sleeves.  Mud-line force F and 
moment M react through load transfer diaphragms in the sleeve, 
as concentrated forces, at depths where soil resistance is greater. 
The sleeve of larger diameter than the pile delivers in turn 
the load to the soil. 

Figure 9 depicts the comparison of moments, soil pressures 
and deflections for pile without sleeve, and for the sleeve action. 
Obvious smaller moments and better distribution of soil pressures 
as well as deflections result.  Figure 10 illustrates two alt- 
ernate relations between the pile and the sleeve as to location: 
concentric or eccentric.  Figure 11 indicates two possible 
eccentric locations of the pile in the sleeve in vertical sections: 
with parallel axes of the pile and sleeve or skewed pile axis 
with respect to vertical sleeve.  One case A is with constant 
eccentricity throughout the depth of embedment, the second case B 
with varying eccentricty, respectively. 
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This concept has also utilization potential in columns 
for alleviating earthquake distress or permit thermal expansion 
of horizontal overhead members carried by such columns. 

The Elongation of Tension Piles 

To introduce in the outer piles of structure slip joints 
which would preclude pile axial tension forces until the 
prepositioned joint stops are engaged; see figure 12.  This 
figure shows seven parallel piles supporting rigid deck 
platform with slip joints in piles, permitting their elongation 
without inducing moments at the connection with platform, until 
stop lag is engaged by the bottom of top pile. 

Such slip joints in piles are relatively simple, and capable 
to transmit pile torsion, as well as, pile bending moment.  See 
also figure 13 for slip joints in cluster of piles.  At the 
bottom in section C-C and on the top section D-D, detail 
of slip joints are shown.  At the right is a pile at rest and at 
the left in fully extended position.  Outer piles are permitted 
to lengthen under loading without inducing moments in piles 
until stops in piles are engaged.  Then axial forces are induced 
and moment, thus augmenting load carrying capacity of the structure. 
Figure 14 represents an example of such a structure performance. 
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Torsion - Mode Piles 

This concept utilizes vertical tubular piles fitted with 
torque arms on which the outside forces act, causing torsional and 
bending stresses in the piles.  This increases their deflection 
and energy absorbtion, see figure 15, which indicates plan 
of torsion action induced in piles by loading the projecting 
arms rigidly connected to piles. 

(SAND-FILLED LOWER TUBES) EXAMPLE 

(•) ALL TUBES  PP  36"X I.2S"1 fo«5ttks,;   Ma* *$ « 
" 30 ks») 

L        LEG     WEIGHT   F £K/ERGY(LB-FT) 
(PT)      (FT.)     (LBS.)    (LBS.)      $' HOR.DlSPL.   to'HOR.DISPL. 

To ~tt       103,000   2*,S0O        H2, OOO        -2.^,000 
70 32     io*r,ooo   Z4,3»0      IZ.\,000       7.11,000 

(a) ALL TUBES PP 4* X 250 (fcy s SO ksi; M«x f$ * 
30 ksi/ 

L       LEG    WEIGHT     F ENERGV (LB-FT) 
(1^.)    (FT)     (LBS)  (LBS.)   i-'HOR. OfSPL.  io'HoiDisPL. 

(,0       4/      277,000   93000      HIS, OOO 1<tO,ooo 
70       40     2?o,0«e   7^0oo     3^0,00O        noopoo 

|Vle4-e'.   Max verf.^orce OH ©i-ie. support" OOIH4" 

is e^wd f© +Ke above -fetbuU-fe^ 

Max  ^°^. -forxje OH one sopporT is 
twice +H«, dlolpliin c^apa.ei^V, F", 

FIG 18 - PERFORMANCE OF A GRAVITY BALANCED TETRAPOD 
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Figure 16 depicts the other arrangement of torsion brackets 
for loads acting on either side of structure, as the case may 
be.  Fender shields rotate on vertical pins thus being able to 
accept loads coming at an angle to the structure. 

Tetrapod Concept 

The idea utilizes a gravity-balanced tetrapod principle for 
a structure, consisting of a single-vertical pile, rigidly 
connected to three horizontal round steel tubular members in 
the seabed area. 

Figure 17 is an example of tetrapod action in exaggeration. 
Lift of one of the legs on the side of the load is indicated. 

The collision energy from floating objects is absorbed by 
bending of tubular elements.  At large loads there is a lift- 
off at one of the three support points, rarely of two, and 
energy is absorbed by overcoming weight of steel members and 
sandfill in tubes - until stop is engaged for extra large load, 
see figure 17 . 

Figure 18 gives an example of tetrapod structures with tubular 
legs filled with sand in 60 ft and 70 ft of water depth for 36" 
and 48" diameter piles. 
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