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CHAPTER 1
INTRODUCTION

1-1. Purpose and scope.

This manual establishes criteria for guidance of Corps of
Engineers personnel in the planning and design of
proposed military ports. It includes site selection and
evaluation, layout of harbor facilities, coastal protection
methods, pier and wharf layout and design, fender
systems, mooring devices, dockside utilities, and cargo
handling facilities. Based on current trends in the
shipping industry, it is anticipated that up to 90 percent
of all cargo arriving in future Theaters of Operation (TO)
will be by containers. Basic considerations in container
terminal design, storage and marshalling areas, and
container handling facilities are also included. This
manual does not apply to ammunition-loading terminals.

1-2. Changes.

Users of this manual are encouraged to submit
recommended changes or comments to improve it.
Comments should be keyed to the specific page,
paragraph, and line of the text in which the change is
recommended. Reasons should be provided for each
comment to ensure understanding and complete
evaluation. Comments should be prepared using DA

Form 2028 (Recommended Changes to Publications) and
forwarded direct to HQDA (DAEN-ECE-G) WASH DC
20314-1000. *
1-3. Justification.

A new port or new facilities for an existing port will be
justified by:

a. The inability of existing facilities to handle the flow
of materials.

b. Shortening or improving transportation routes.

c. The necessity for
transportation establishments.

disposal of key military

1-4. General design principles.

A high percentage of the cost of ship operation is due to
ship time in ports. The design of ports shall take into
consideration trends in ship design, locations for transit
storage, adequacy of access by rail and highway, and types
and capacities of cargo handling equipment. The size and
capacity of the installation will be determined by a study of
the volume and classes of cargo and the availability of
labor and construction materials.

Change 1 1-1
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CHAPTER 2

PORT SITE SELECTION

2-1. Basic port site selection considerations.

Unless the site is determined by military considerations,
several locations of the harbor shall be studied to
determine the most protected locations involving the
relatively low dredging cost and with the most favorable
bottom conditions, as well as a shore area suitable for
the development of the terminal facilities. Generally,
three distinct situations may result:

a. A natural setting along a shoreline, such as a
bay, lagoon, or estuary, that would provide suitable
protection.

b. A setting where natural barriers to the seaward
side of port locations, such as land arms, reefs, spits,
tombolos, and islands, are inadequate for protective
purposes but have been modified by engineering
methods to increase protection capabilities.

c. A setting where the port location is not provided
natural protection by seaward barriers, and where
artificial protective measures, such as the construction
of breakwaters and jetties are required. The
construction of artificial protective devices is time-
consuming and should be avoided in military port
construction when alternate locations are available.
Such requirements, however, could represent one of the
principal criteria in the evaluation of port site locations.
The port facility should additionally be adequate to
handle the volume of shipping required to sustain the
theater activity and to accommodate the vessels that
will transport the required cargo.

2-2. Factors affecting site selection.

a. Access. Direct access or connection with
existing means of internal communication and
dispersion, such as rivers, highways, canals, or railways,
is a major factor in the location of the port. Where the
topography at sites contiguous to inland communication
facilities is adverse, the costs of providing connection to
such facilities against the savings in development costs
at remote sites should be investigated.

b. Water area. Adequate water area to
accommodate expected traffic should be available.
Where there is inadequate area for free-swinging
moorings, vessels may be crowded in by using fixed
moorings or moorings in which a vessel's swing is
restricted. Berths and other facilities may be dredged
from inshore areas.

Breakwaters may be extended into deep water. The
minimum and maximum area requirements shall be
estimated in order to properly evaluate a proposed location.
This requires estimating the capacity requirements, from
which the area requirements for the anchorage, berthing,
and other areas may be approximated.

(1) Capacity requirements. Ascertain  the
approximate, anticipated capacity requirements from the
using agency, in terms of numbers, types, and sizes of
vessels to be simultaneously anchored or moored within the
harbor limits. Also, estimate the number of these vessels
that must be simultaneously accommodated at pier or
wharf berths.

(2) Anchorage areas.

(a) Free-swinging moorings and standard
fleet moorings. The diameter of the swing circle and the
area requirements per vessel are presented in[tables 2-1]
and Additional area allowance should be made for
maneuvering vessels into and out of berths and for other
space requirements necessary between adjacent berths.

(b) Alternate method. Requirements may
also be approximated by comparison with areas provided in
existing ports serving similar functions.

(3) Berthing area. See [chapter 6]for the areas
required for piers.

(4) Other areas. Allow additional area within the
harbor limits for channels, special berths, turning basins,
and other facilities.

(5) Total area requirements. Provide a total area
inboard of breakwaters equal to the sum of the overall
requirements set forth in b above.

(a) Generally, the total area should be
available within the 50-foot depth contour to avoid
breakwater construction in water of excessive depth.

(b) The area requirement can be considered
in conjunction with the depth requirements to select a site
requiring a relatively low dredging cost.

(c) In addition to the area requirements for
anchorage areas, berthing areas, and other areas, space
must be provided for future expansion and dispersion,
where required for military considerations.

c. Water depth. Generally, the harbor area is of
varying depth. Certain areas are set aside for small craft
and other areas for larger ships. Provision for adequate
water depth is essential to the functions of the port
installation.

2-1



(1) Anchorage and berthing areas. For a given
ship, the depth requirements at anchorage and berthing
areas are the same. Except where heavy silting
conditions require greater depth, at individual berths at
low water, the depth should equal the maximum loaded
draft of the largest vessel to be accommodated, plus 4
feet to protect the ship's condensers. For modern
container ships, a water depth of 40 feet is required.

(2) Channels.

(&) Economic considerations can be
weighed against depth requirements. In harbors where
the tidal range is very large and particularly where an
entrance channel is long, consider the possibility of
restricting the entrance of the largest ships using the
harbor to the higher tidal stages.

(b) Where hard bottoms exist and
excavation costs are high, consider the exclusion of
certain classes of deep draft vessels, with provisions of
lighter service between deepwater anchorage and
docks.

d. Physical and topographical features.

(1) Sheltering from winds and ocean waves.
Natural sheltering features, such as headlands,
promontories, offshore shoals, and bars, will
substantially reduce artificial sheltering requirements
(breakwaters) and overall project cost.

(2) Bottom conditions. Clay or other firm-
tenacious materials furnish the best holding ground for
anchors. Avoid sites where the bottom does not provide
suitable holding ground for anchors. When very hard or
soft bottoms exist, costly provisions (mooring islands,
etc.) must be provided for securing ships.

(3) Dredging. Sites requiring excessive
dredging of large quantities of rock or other hard
bottoms should be avoided.

(4) Shoreline relief. Land adjacent to
shorelines can gradually slope away from the beach.
Avoid locations with pronounced topographic relief
(cliffs) adjacent to shoreline.

TM 5-850-1

(5) Upland drainage. Preferably the upland area
shall be naturally well drained.

e. Hydrographic and hydrological factors.
(1) Tidal range. Tidal range should be minimum.

(2) Bore.
avoided.

Locations with a tidal bore should be

(3) Currents. Current velocity should be
minimum.  Except for the localized area or special
considerations, should not exceed 4 knots.

(4) Fouling rate. Site should have a low fouling
rate, be relatively free of marine borers, and have sufficient
water movement to remove contaminations.

(5) Stable shorelines. Avoid locations having
unstable shorelines or pronounced littoral drift. The history
of erosion and deposition (shoreline changes) in the area
should be thoroughly studied.

(6) Tributary streams. Location and depth of all
streams emptying into the harbor should be determined.
Depth and flow can be maintained in the final design to
prevent a grading.

f. Meteorological factors.

(1) Storm. Avoid locations subject to pronounced,
severe, and frequent storms.

(2) Temperature. Ocean temperature should be
moderate to warm, and temperature range should be
moderate.

(3) Fog. Avoid locations with a predominance of
fog.

(4) Ice. Avoid locations that might be ice locked
for several months a year.

g. Other factors.
(1) Availability of construction materials.
Determine the availability of construction materials,

particularly rock for breakwater and jetty construction.

(2) Freshwater availability. Ensure the availability
of a potable water supply.
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Table 2-1.
Diameter of Berth (in Yards) Using Ship's Anchor and Chain

Length of various vessels in ft

Depth of water in ft at MLW 100 200 300 400 500 600 700 800 900 1,000
10 165 235 300 365

20, 205 270 340 405 470 540

30 245 310 380 445 510 580 645 710 780

40 .o, 285 350 420 485 550 620 685 750 820 885
50 i, 325 390 455 525 590 655 725 790 885 925
B0 ..o, 365 430 495 565 630 695 765 830 895 965
O i 405 470 535 605 670 735 805 870 935 1,005
80 i, 445 510 575 640 710 775 840 910 975 1,040
90 . i 480 550 615 680 750 815 880 950 1,015 | 1,080
100 ... i 520 590 655 720 790 855 920 990 1,055 | 1,120
110 560 630 695 760 830 895 960 1,030 1,095 | 1,160
120 . 600 665 735 800 865 935 1,000 | 1,065 1,135 | 1,200
130 i 640 705 775 840 905 975 1,040 | 1,105 1,175 | 1,240
140 . 680 745 815 880 945 1,015 | 1,080 | 1,145 1,215 | 1,280
150 . 720 785 850 920 985 1,050 | 1,120 | 1,185 1,250 | 1,320
160 ... i 760 825 890 960 1,025 | 1,090 | 1,160 | 1,225 1,290 | 1,360
170 i 800 865 930 1,000 | 1,065 | 1,130 | 1,200 | 1,265 1,330 | 1,400
180 .. 840 905 970 1,035 1,105 | 1,170 | 1,235 | 1,305 1,370 | 1,435
190 .. 875 945 1,010 | 1,075 | 1,145 | 1,210 | 1,275 | 1,345 1,410 | 1,475
200 s 915 985 1,050 | 1,115 | 1,185 |[1,250 | 1,315 | 1,385 1,450 | 1,515

This table is based on the following assumptions:

(&) Length of chain is equal to 6 times depth of water.
(b)  Anchor drags 90 ft from initial position.
(c) Basic formula B = 2/3 (0.987 x 6D + L + C) for scope of chain of 6 times the depth of water. Correction to

scope to get radius of swing = 0.987. Where:

B = diameter of berth in yd.

D = depth of water in ft at MLW.
L = length overall of vessel in ft.
C =90 ft allowance for drag of anchor.

(d) To maintain scope of chain of 6 tines depth for rise in tide, add 2/3 (5.92 T) to berth diameter where T = height

of tide in ft.

Department of the Navy

2-3

TM 5-850-1



Table 2-2.
Diameter of Berth (in Yards) Using Standard Fleet Moorings, Telephone Buoy
Length of various vessels in ft

Depth of water in ft at MLV 100 200 300 400 500 | 600 700 800 900 1,000
L0 245 315 380 445
20, i 250 315 380 450 515 | 580
30 250 315 380 450 515 | 580 650
0. 250 315 385 450 515 | 585 650 715 785 850
B0, 250 320 385 450 520 | 585 650 720 785 850
B0, 255 320 385 455 520 | 585 655 720 785 855
T0. i 255 325 390 455 525 | 590 655 725 790 855
80, 260 325 395 460 525 | 595 660 725 795 860
90, it 265 330 395 465 530 | 595 665 730 795 865
100 265 335 400 465 535 | 600 665 735 800 865
120 i 270 335 405 470 535 | 605 670 735 805 870
120 i 275 340 410 475 540 | 610 675 740 810 875
130 i 280 345 415 480 545 | 615 680 745 815 880
140 285 350 420 485 550 | 620 685 750 820 885
150 i 295 360 425 495 560 | 625 695 760 825 895
160 i 300 365 435 500 565 | 635 700 765 835 900
170 i 310 375 440 510 575 | 640 710 775 840 910
180 i 320 385 455 520 585 | 655 720 785 855 920
190 i 330 400 465 530 600 | 665 730 800 865 930
200, 350 420 485 550 620 | 685 750 820 885 950

This table is based on the following assumptions:

(a) Chains are of the length called for by the drawings and are pulled out to obtain chain tension of about 12,000 Ib

with anchor in initial position.

(b)  Anchor drags 90 ft from initial position.

(c) 180 ft of ship's chain used between vessel and buoy.

(d) Basic formula D = 2/3 (R + L + C2). Where:

D = diameter of berth in yd.
R = radius of swing of buoy in ft.
L = length overall of vessel in ft.

C2 = 270 ft (includes 180 ft from buoy to ship and 90 ft allowance for anchor drag). No correction for

drop in waterline due to tide is required.
Department of the Navy
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Diameter of Berth (in Yards) Using Standard Fleet Moorings, Riser Chain

Table 2-3.

Length of various vessels in ft

Depth of water in ft at MLV 100 200 300 400 500 | 600 700 800 900 1,000
L0 275 340 405 475
20, i 280 345 415 480 545 | 615
30 285 355 420 485 555 | 620 685
0. 295 360 425 495 560 | 625 695 760 825 895
B0, 300 365 435 500 565 | 635 700 765 835 900
B0, 305 375 440 505 575 | 640 705 775 840 905
T0. i 315 380 445 515 580 | 645 715 780 845 915
80, 320 385 455 520 585 | 655 720 785 855 920
90, it 325 395 460 525 595 | 660 725 795 860 925
100 335 400 465 535 600 | 665 735 800 865 935
120 i 340 405 475 540 605 | 675 740 805 875 940
120 i 345 415 480 545 615 | 680 745 815 880 945
130 i 355 420 485 555 620 | 685 755 820 885 955
140 360 425 495 560 625 | 695 760 825 895 960
150 i 365 435 500 565 635 | 700 765 835 900 965
160 i 375 440 505 575 640 | 705 775 840 905 975
170 i 380 445 515 580 645 | 715 780 845 915 980
180 i 385 455 520 585 655 | 720 785 855 920 985
190 i 395 460 525 595 660 | 725 795 860 925 995
200, 400 465 535 600 665 | 735 800 865 935 1,000

This table is based on the following assumptions:

(&) Length of riser chain is equal to the depth of water at mean high water.

(b)  Ground chains are of length called for by drawings and are pulled taut when installed.

(c)  Anchor drags 90 ft from initial position.

(d) 180 ft of ship's chain used between vessel and buoy.

(e) BasicformulaB =2/3 (D +L + C1). Where:

B =
D=
L=

C1 = 300 ft (includes 30 ft allowance for increase in radius of berth for drop in waterline due to fall of tide,

diameter of berth in yd.
depth of water in ft at MHW.
length overall of vessel in ft.

180 ft from buoy to ship, and 90 ft allowance for drag of anchor.

Department of the Navy

2-5

TM 5-850-1



TM 5-850-1

CHAPTER 3

LAYOUT OF HARBOR FACILITIES

3-1. Harbor entrance.

a. Location and orientation. The following factors
in the location and orientation of harbor entrances
should be considered:

(1) Water depth. Locate the harbor entrances
in an area where the natural water depth is adequate for
passage of the largest ship.

(2) Sheltering. Locate on the lee side from
most severe storm waves, and between overlapping
breakwaters.

(3) Channeling external disturbances.
Location and orientation will direct any external wave
disturbances to areas of the harbor remote from
locations of berthing and anchorage areas.

(4) Navigation. Navigation through the
entrance should be easily accomplished. In particular,
locate so that there will be strong beam currents in the
harbor entrance at all tidal stages.

(5) Littoral drift. Orientation should prevent the
entrance of littoral drift into the harbor. Where possible,
the entrance will be located in an area relatively free of
littoral drift.

(6) Multiple entrance. Where possible, provide
two entrances with different exposures, which can be
used as alternates depending on the direction of the
wind. Multiple entrances are advantageous in wartime,
since they make the harbor more difficult to block.
Double entrances also reduce the velocities of the tidal
currents because of the increased area.

b. Channel entrance width. Provide minimum
channel entrance width consistent with navigation
needs. The approximate requirements of channel
entrance width related to size of vessel to be
accommodated are as follows:

Width of
Harbor classification entrance, ft
Medium Vessel 300 to 500
Large Vessels 600 to 1,000
(1) Entrance. Except in unusual

circumstances, a width of 1,000 feet is ample for very
large container vessels, and under favorable conditions
of entry, a width of 800 feet may be considered.

(2) Secondary entrances. For secondary
entrances, or those not to be used by large ships, a
width of 300 feet may be considered, provided that
entrance conditions are favorable.

(3) Currents. Entrance widths should be
adequate to reduce currents to acceptable values. The
maximum

allowable current in the entrance channels is a function of
the type of ship or ships to be accommodated. Except
under special circumstances, current is not to exceed 4
knots. The maximum velocity of the tidal current through
the entrance channels may be estimated from equation (3-
1).

4 p A
V=—Xx=x—xH (3-1)
5 T S
where
= maximum velocity of the tidal current

occurring at the center of the
opening, feet per second

T= period of the dice, seconds

A= surface area of the harbor basin, square
feet

S= cross-sectional area of openings, square
feet

H= range of the tide, feet

The tidal current in midchannel is about one-third stronger
than that at each side.

(4) Discharge of upland drainage. Entrance
widths must be adequate to discharge the accumulated
upland drainage without exceeding the maximum
permissible current value given in paragraph (3) above.

(&) The maximum velocity of the current
resulting from discharge of a given flow may be roughly
estimated from equation (3-1) by substituting the rate of
upland drainage to be discharged for the quantity AHIT.

(b) The total current velocity in the entrance
due to tidal influence plus runoff may be obtained by
adding the value obtained from equation (3-1) and
corrected for quantity AH/T.

(5) Reduction of incident wave height through
entrance. Although the model tests will give a more
accurate picture of wave conditions, the wave height within
the harbor can be approximated from the following
equation:

h=H [ \/%-0.024D (1+\/% ) ](3-2)

h= height of the wave at location 'X", feet

H= height of the unrestricted wave at the har-
bor entrance, feet

b= width of the entrance, feet

B = breadth of the harbor at location "X", feet

(this being the length of the arc with its cen-
ter at the harbor entrance center and radius
D)

D= distance from harbor to location "X", feet
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Reduction of wave height through the entrance may be
predicted more accurately by using diffraction and
refraction diagrams. For the construction of diffraction
and refraction diagrams, refer to Shore Protection
Manual, Vol. | [appA).

3-2. Breakwaters.

a. Locations and alinement. A breakwater is
normally the most costly single item required for the
harbor development.  Special care is required to
minimize the length and height. The following factors in
the location and alinement of breakwaters shall be
considered:

(1) Minimum height. Locate the breakwater in
the shallowest water consistent with harbor area
requirements.

(2) Flank protection. Join headlands and rock
outcrops to natural abutments on shore to prevent
flanking.

(3) Foundation conditions. Where there is a
choice, locate the breakwater along hard or sandy
bottom, avoiding locations with poor foundation
conditions.

(4) Channeling incident waves. Aline so that
the refraction and reflection of incident waves are away
from the entrance and toward the shore.

(5) Sheltering entrance. Stagger the
breakwater head on the weather side of the entrance
with respect to the breakwater head on the lee side
[3-1). This arrangement will minimize the risk of a ship
being blown against the lee breakwater head. This
configuration improves the entrance conditions and
increases sheltering in the harbor.

(6) Alinement. Avoid a concave shape or one
with reentrant angles, as entrapped waves will cause
major disturbance in such areas.

(7). Seiche. If the occurrence of a seiche
appears likely, realine the breakwater to reshape the
harbor basin or provide structures for dissipating wave
energy.

b. Types. There are two main types of
breakwaters, the mound type and the wall type.

(1) Mound-type breakwaters. These types of
breakwaters are generally constructed from natural rock,
concrete block, a combination of rock and concrete
block, or concrete shapes such as tetrapods,
guadripods, hexapods, tribars, modified cubes, and
dolosse. The mound type may also be supplemented in
each case by concrete monoliths or seawalls to break
the force of the waves and to prevent splash and spray
from passing over the top.

(2) Wall-type breakwaters. These breakwaters
can be classified as concrete-block gravity walls,
concrete caissons, rock-filled sheet-pile cells, rock-filled
timber cribs, or concrete or steel sheet-pile walls. The
type of breakwater to be used is usually determined by
the availability of materials at or near the
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site, the depth of water, the condition of the sea bottom, its
function in the harbor, and the equipment suitable and
available for its construction.

3-3. Jetties.

a. Function. Harbor jetties function to prevent the
movement of littoral drift into the entrance channel and are
required in the case of natural harbors located in estuaries,
in rivers, in lagoons, or other areas where sandbars or other
offshore accumulations or silt and debris must be cut
through for navigation channels; to ensure the required
water depth.

b. Location and alinement. The factors influencing
location and alinement of jetties are as follows: (1) Number
required. Use two jetties where feasible. Where funds are
limited or other restrictions apply, one jetty in the updrift
side may be used.

(2) Length. Jetties shall line the entrance channel
through the offshore bar and extend a sufficient distance
past to reach the required water depth with allowance for
assumed silt accumulation.

(3) Cleansing velocity. Current flow through the
entrance channel shall be adequate to scour and remove
silt accumulations. Where the natural current is
inadequate, use offshore jetties to restrict the channel to
reach the cleansing velocity.

(4) sSilting. Where possible, orient the jetties
perpendicular to the clittoral drift.

(5) Anchorage. Anchor the jetty on shore to
prevent flanking.

c. Form. The forms of jetties are as follows: (1)
Parallel jetties. Use this form where the harbor entrance is
not the mouth of a river having a pronounced flow or where
the configuration of the existing, natural estuary indicates a
prolongation in the form of parallel walls.

(2) Divergent jetties. Use this form in tidal
estuaries or in lagoon inlets where ebb and flood flows are
about equal. Under this circumstance, there is a tendency
for a parallel channel to silt up due to the reduction in
volume of the influence tide. The slope of the divergence
shall be limited to about 2,000 feet per mile so that a bore
will not be created.

(3) Convergent jetties. Use this form in lieu of
parallel jetties where the attenuation of waves incident on
the harbor entrance must be promoted by lateral
expansion; that is, where the run-in is not adequate or
where the wave traps are insufficient or undesirable.

3-4. Anchorage basins.

a. Location and size. The factors affecting the
location and size of anchorage basins are as follows: (1)
Isolation. Locate the anchorage basins near the entrance,
away from channels, out of traffic, and in
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Figure 3-1. Use of offset breakwater heads to shelter entrance.
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shelter. The area shall be isolated, insofar as possible,
from attack by surface or subsurface craft.

(2) Depth. Locate in an area of sufficient natural
depth to minimize dredging.
(3) Currents. The area shall be free from
strong currents.

(4) Accessibility of shore facilities. The area
shall be accessible to fresh water, fuel, and other shore
facilities.

(5) Foundation conditions. Where possible,
locate over a bottom of loose sand or gravel, clay, or
soft coral. Avoid locations where the bottom consists of
rock, hard gravel, deep mud, and deep silt.

(6) Subaqueous structures. Anchorage areas
should be free of cables and pipe lines and cleared of
wrecks and obstructions.

(7) Expansion. Provide for future expansion.

(8) Size. See [chapter 2]for approximate

overall size and depth requirements. Use free swinging
moorings where the available area will permit. Where
the available area is limited, use fixed moorings or
moorings in which the swing of the vessel is restricted.
Various types of moorings are discussed in TM 5-360

(app A).

b. Dangerous cargo. Anchorages for tankers and
similar vessels will be at least 500 feet from adjacent
berths, and located so that prevailing winds and currents
carry any spillage away from general anchorage and
berthing areas. For vessels carrying explosives, the
anchorages will be separated in accordance with the
criteria established in DoD 4270.1-M [app_A).

3-5. Berthing basins.

a. Location. The wave height in the berthing basin
should not exceed 2 feet for comfortable berthing, but in
no case will the wave height exceed 4 feet. The factors
influencing the selection of the location of berthing
basins are as follows: (1) Protection. Locate berthing
basins in harbor areas that are best protected from wind
and wave disturbances in areas remote from the
disturbances incident upon the harbor entrance.

(2) Orientation. Orient berths for ease of
navigation to and from the entrance and the channel.

(3) Offshore area. Provide sufficient offshore
area
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for ship movement, preferably without use of tugs.

(4) Quayage adequacy. Adequate quayage shall
be provided for the estimated traffic.

(5) Supporting shore facilities. Locate supporting
shore facilities in proximity to their respective berths.
Adequate space and access for roads and railroad facilities
are essential.

(6) Expansion. Provide area for future expansion.

(7) Fouling and borers. Locate berthing basins in
harbor areas to minimize fouling conditions and incidence
of marine borers.

(8) Foundations. Locate foundations in an area of
favorable subsoil conditions, to minimize the cost of
berthing structures.

b. Arrangement of berths. The arrangement of berths
and types of pier and wharf layout are discussed in[chapter]

c. Size and depth of basin and berths. These

characteristics are discussed in_chapier 6]
3-6. Turning basins.

a. Use. Where space is available, provide turning
basins to minimize the use of tugs. Where space is
restricted, tugs may be used for turning vessels and turning
basins eliminated.

b. Location. The following requirements should be
met: (1) Locate one turning basin at the head of navigation.

(2) Locate a second turning basin just inside the
breakwater.

(3) Where especially heavy traffic is anticipated,
provide intermediate basins to reduce traffic congestion
and save time.

(4) Where feasible, use an area of the harbor that
forms a natural turning basin of the required size and depth.

(5) Provide a turning basin at the entrance to
drydocks or at the inboard end of long piers or wharves.

c. Size and form. A vessel can normally be turned
comfortably in a radius of twice its length or where
maneuverability is not important, in a radius equal to its
length. For shorter turning radii, the vessel must be turned
around some fixed point, must utilize the ship's anchor, or
must be assisted by tugs.
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CHAPTER 4

SITE INVESTIGATION

4-1. Background data.

a. Introduction. The principal background
intelligence data required to evaluate the suitability of an
area for a military port are as follows: (1) Physical and
cultural aspects of the shoreline and contiguous interior.

(2) Weather regimes, intensities, and
extremes.

(3) Bathymetric and subbottom characteristics.
The types of data from which this intelligence data may
be derived can be categorized as maps, photography
and imagery, documents and records, and historical
data.

b. Maps.

(1) Topographic maps. Scales of these maps
vary widely. Coverages of 1:50,000 and 1:250,000 are
available for sizable portions of the world, although
more extensively for highly developed areas. Slope,
relief, and configurations of shoreline landscapes are
obtainable directly from the maps, with the degree of
accuracy being a function of the scale and contour
interval. Drainage patterns, land wuse, natural
vegetation, and cultivation are also portrayed on these
maps, as well as population centers and transportation
networks. Bathymetric contours and navigation hazards
(e.g., mud, shoals, cock, coral, and other natural
characteristics) are delineated.

(2) Soil maps. These maps are prepared for a
variety of purposes, e.g., agricultural potential, land use,
and construction. Soil surveys have been conducted for
entire countries in some instances but more frequently
cover only limited areas. The distribution of soils is
portrayed on soil maps, and the descriptions are
normally in textural terms. Soil depths data are
available for portions of West Germany, while
1:1,000,000 maps represent the best coverage for
certain poorly developed countries. World soil maps,
excluding the United States, have been prepared by the
United States Soil Conservation Service (USCS) with
the descriptions in United States Department of
Agriculture terms. The distribution of soils portrayed on
these maps is usually determined by landform and
physiographic association and is of questionable
accuracy. Detailed soils maps prepared in support of
agricultural and engineering studies provide
comparative detail, but their occurrence is sporadic and
unpredictable. In many cases, the descriptive
agricultural terms used in soil surveys are translatable
into the

engineering  terms USCS) required for site
investigations

(3) Geologic maps. Geologic maps depict a

number of geologic or geologic-related conditions, such
as the surface and substrate distribution of formations,
structure, and the distribution of landforms. Such maps
often provide information regarding the configurations
and dimensions of shoreline landforms, engineering
characteristics of overburden materials, the nature of
surficial soils, and classification and distribution of
surface or near-surface rock and associated soils. In
addition, the maps usually symbolize drainage patterns,
land use, and vegetative patterns.
Geologic maps, when prepared in sufficient detail, can
provide a general basis for the selection of construction
sites as well as sources of suitable construction
materials.

(4) Pictomaps. Pictomaps are usually large-
scale maps, viz. 1:25,000, which have been prepared
from controlled aerial photomosiacs. Colors and
symbols are used to denote vegetation, hydrologic and
cultural patterns, which are superimposed upon the
photographic image. Surface and bathymetric contours
are included on the maps most frequently at 1-, 5-, and
10-metre intervals. The pictomap probably represents
the most suitable base for generation of a three-
dimensional terrain model of a port area.

(5) Hydrographic charts. These charts depict

hydrologic conditions along and immediately inland of
the shorelines of the world. Depth soundings in feet are
presented for both offshore and inland waters.
Navigable waterways are indicated, and navigation
hazards and man-made structures, such as platforms,
stakes and markers, and lighthouses are located. Tidal
information is provided for selected stations on the
chart.

(6) Climatic maps. These maps may be
compiled for individual countries; however, they are
most often compiled for the entire world and thus are
usually small scale. They portray the distribution of
areas characterized by ranges of mean annual
temperatures, precipitation, and climatic types
determined by combinations of temperature ranges;
amount and frequency of precipitation, and natural
vegetation. Other climatic maps depict the distribution
of major ocean currents, mean sea surface
temperatures, hurricane tracks, air masses, and other
relevant characteristics.

c. Photography and remote imagery. Photography



as potential port sites provide several definite
advantages over other data types as follows: (1) Large-
scale photography or photographic reproduction of
imagery provides details that are not presented on
topographic and other map coverages. For instance,
even large-scale topographic maps with 5and 10-metre
contour intervals may fail to identify surface features or
conditions that are relevant to port site investigation.

(2) Remote imageries can be obtained
immediately after the occurrence of dramatic climatic or
hydrologic events to permit assessment of damage or
modification.  Such events would include flooding,
hurricanes, tidal surges, and other natural disasters.
This information may often dictate the location for, type
of, and method for construction.

(3) Photography and imagery coverage
permits current assessments to be made of man-made
features such as transportation networks, industrial
complexes, urban development, and existing port
facilities.

(4) Photography and imagery coverage
permits periodic monitoring of shoreline evolution and
modification to determine the influence of the physical
and climatic elements on port location and construction.

(5) In the absence of map coverages,
photography and imagery coverage would serve to
provide  topographical, geological, pedological,
hydrographical, vegetational, and even cultural
information required for site selection and investigation.
Identification of the required physical and natural
science features necessitates interpretation by
personnel skilled in these various disciplines.

d. Documents and records. Documents and
records are valuable sources of various types of
topographical, hydrographical, and historical

information. Some of the most common types of
documents include: trade journals; geologic,
geographic, soil and oceanographic bulletins;

environmental handbooks; tourist guides and traveler
accounts in periodicals and professional journals;
published tide tables; pilot handbooks; economic and
transportation atlases; climatic records; and various
indigenous governmental reports. Unpublished
environmental, meteorological, and scientific data are
available at government offices and research centers in
the continental United States (CONUS). Reference
materials are also available from engineering firms,
private societies, and individuals with personal interests.

e. Historical port intelligence data. Historical data
concerning existing port facilities represent potentially
the best source of information. The types and
orientation of piers, breakwaters, and dock facilities, are
often the result of comprehensive investigations or at
worst trial-and-error type construction. The construc
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and imagery coverages of the areas being investigated

tion of these facilities is normally well documented, with
feasibility and investigative reports being available at the
old port headquarters; local governmental administrative
offices; private engineering firms; or in government
archives. The types of information to be expected include
soil borings, soil bearing and shear tests, soil classification
and analysis, pile friction tests, tidal station data, weather
data, groundwater investigations, severity of flooding,
locations and characteristics of construction materials, and
bathymetric surveys indicating the slope and configuration
of the harbor bottom and the presence of obstacles, such
as rocks, reefs, and debris. Many potential military port
locations will be devoid of existing facilities or in other
cases, the facilities may be in evidence but lacking
documentary data.

4-2. Hydrographic and topographic surveys.

a. Introduction. Although the general location of the
port may be established by careful consideration of
background information, the precise location of the
component facilities, such as wharves, piers, and quay,
shall result from comprehensive hydrographic and
topographic surveys.

b. Hydrographic surveys. The surveys will include the
collection, reduction, and analysis of hydrographic data and
the effective presentation thereof to permit subsequent
decisions. The following hydrographic parameters should
be considered during the survey:

(1) Depth of water. Accurate bathymetric
movements can be obtained throughout the port area as
well as in seaward approaches to the facilities. Water
depth is critical to the operation of ships and craft that will
use the facility. The maximum draft for a container ship is
expected to be 40 feet; pier construction and location
should have suitable hydrographic conditions.

(2) Bottom character. Detailed determinations
can be made as to the lithographic and microrelief
character of the bottom. Foreign and random natural
objects, such as boulders, oil drums, and ship wreckage,
must be delineated to facilite removal or ensure avoidance
by using ships.

(3) Tidal characteristics. These characteristics
are the controlling factors in the effective operation of a
port. Tidal parameters requiring determination are heights,
range, interval, times, and behavior of tidal currents; on a
daily and seasonal basis, and during periods of unusual
intensity resulting from storm activity. Significant daily tidal
ranges in certain parts of the world may exceed 20 feet.

(4) Discharge volumes and flow velocities of
rivers. Discharge volumes and flow velocities at or in the
vicinity of the port are important considerations in the
regulation of vessel traffic, location and orientation
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After removing particies larger than

Boundary clesaifications: Soils prssesing characteristics of two groups are designated by combinations of group symbols,

Dilatancy (reaction to sheking)

Kc. W) sieve size, prepare 8 pat cf moist
3c11 with @ volume of about one-half cubfc inch. Add enoweh vetar 1if necessary
2 make the zofl oft but not sticky.
sie the pat in the open palm of one hand and shake horizontally, striking
vigorcusly aguinat the other hand several times. A positive reaction consici:
the appearance of vater on the surface of the pat which chanaes Lo & livery
pols {atency and becomes glcssy. When the swwple I+ squeezed between the
Tingers. the vater and glosc d1sapreer from the surface. the pat stiffens, and
finally 1t cracks or crawbles. The rapidity of appearance of vater during
shaking wnd o its distppearance during squeering ascist in Ldent:tylng the

acter
Very Tine clean sands give the quickest and most distincl reaction vhereas &

plastic clay has nc reaction. Inorganic silts, such as a typical rock flowr,
hcv a woderately quick reaction.

1952

FI"1D IDEWTTPICATION PROCEDURKS FOR FINC.GRADMD SOILS OR FRACTIONS
These procedures are to be perfurmed on the minus No. 40 sieve size p.ru-:u-. -mn- ly 1/64 In. For fleld eluliﬁellmn purposes,
screening {5 not sntended, timply remove by band ¢

Dry Strength (crushing charscteristics)

coarse particles that interfere vith the t

Toughness {consistency near plastic

After removing particles larger than Ro. 4O sieve size, wold a pat of soil to the

consistency of putty, adding water Lf nece:sary.

ne. solindal Fraction containedan the soil

increasing plasticity.

The dry strength increases vith

High dry stcoeagih Ls charscteristic for clays of the CH growp. A \ypseal inur-
ganic siit possesser only very slight dry strength. Silcy fine sands and stlts
Bave about the swee slight dry strength, but cen be distinguished by the feel

Vhen povdering
bas the saooth feel of flour

the dried specinen. Fine sand feels gTitty vhereas & typieal ailt

Arter part: cles lurger than the fo. b0 sieve size are

Hinly organic clays have s very veek

Yor axemple GW.GC, well-graded gravel-sand mixture vith clay binder. {2} ALL sieve sizes on this chart wre U. S. standard

)

» specimen of sosl
one-balf inch cube in eize, it molded to the consistency of putty. If too
&y, “ater mat he stied and i1 411Cky, the specimen should e spread out ir a
thin layer and alloved to lose some moisture by evaporation. Then the specimen
1a rolied cut by band on o smocth surface or betwer the palas nto & threed thout
one-eighth inch in dimmeter. hresd {x then falded and rerolled Twentetly.
During this manipulation the aorsture sonvent s Eradually reduced and the speci-
= stiffens, finally loses 3ts plaaticity, and crumbles vhen the piastic :lmit

» reached.

Atiar tn thret crumblec, the pieces thould be lumed together and & slight kngeding
action continud until the lump

The

Whreus near the plastic Lialt and the stiffer the lJump ven 1t
Tinally crusilec, the more potent s the colloidal clay fraction in e sl
Veanness of the thread ot the plastic Liwit and quich lass of coherence of the
Lusp belcw the plastic limit indicate either in Chay of tov plasticity
materials such as Xaolin-type clays and orgenic nw- Vhich occur below the
pongy fenl at the plastic Limit.

Figure 4-1. Unified soil classification.
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of structures, sediment transport and deposition, and
dredging.

(5) Extent, duration, and causes of flooding.
Flooding at times during the year may affect the inland
portions of a port. Harbor routine may vary during the
flood season, and sediment introduced into the harbor
areas may create navigation problems. Knowledge of
the causes of flooding enables the adverse effects to be
minimi7ed. = Examination of historical data permits
reasonably accurate forecasts.

(6) Tidal and river currents and velocities.
Current directions and velocities, such as longshore
currents, wind currents, river currents, and permanent
great currents, are a constant problem to navigation. In
some cases, several of these currents may be in action
concurrently, and the results should be considered.

(7) Shoreline data. The land-water interface
can be established for the various daily and seasonal
stages of the tide. Extreme tidal states occurring during
severe storms can also be established.

(8) Location of landmarks as navigational aids.
Location of landmarks can be greatly facilitated through
the use of hydrographic and topographic maps and
aerial photography. Field checks to ensure acceptable
levels of visibility are required.

(9) Location of structures in water and along
shore margins. These structures are currently being
utilized or abandoned.

(10) Subbottom characteristics. Subbottom
information includes data on the type of sediments,
layering, bearing capacities, and consolidation.

c. Topographic surveys. All land-implemented
surveys conducted in support of the construction of
offloading, storage, and connection facilities should be
included. Parameters to be considered as part of the
topographic surveys are as follows: (1) Topographic
detail at site locations. Fine detail will be
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required to assure optimum layout of facilities and the
transportation network required to service them. Land-
water interfaces at all possible tide levels can be checked
with the hydrographic surveys.

(2) Pedologic parameters. A comprehensive
investigation of the pedologic character of surficial
materials is considered essential. The ability of the soils to
support various types of construction and the suitability of
construction materials can be determined. The
identification of soils can be greatly facilitated by use of
aerial photographs.

(3) Drainage characteristics. Surface drainage
patterns should be determined. Drainage can influence site
selection, particularly if the overflow from streams cannot
be controlled and the inundation of a site is possible.
Streams may also provide convenient supplies of surface
water for port use.

(4) Surface rock. An investigation of available
sources of surface rock will be conducted to determine the
suitability of local supplies to construction requirements.

(5) Subsurface characteristics. Investigation of
subsurface soil conditions is required to determine the
parameters relevant to pile-type construction at shore
locations.

(6) Vegetation types. A survey of natural
vegetation in the vicinity of the port is necessary to
determine the construction effort required to clear an area
to accommodate the port facilities, as well as the suitability
of the timber for use in the construction of certain facilities,
(e.g., wharves, piers, bridges, and warehouses).

(7) Cultural features. A survey is required at and
in proximity to the port area, including private, business,
and government buildings, the transportation network,
utilities, recreation areas, and agricultural lands.

4-4



TM 5-850-1

CHAPTER 5
COASTAL PROTECTION

5-1. Shoreline stabilization.

a. Methods. The shoreline stabilization methods
can be generally classified as artificial nourishment and
protective construction.

(1) Artificial nourishment. The
nourishment methods include the following:

(a) Offshore dredging. The material
dredged elsewhere is deposited in a ridge offshore and
updrift of the beach to be stabilized.

(b) Stockpiling. A beach is placed updrift,
but not offshore, of the denuded area from which
material is derived for replenishment of the downdrift
area.

artificial

(c) Continuous supply. A pumping plant
located on the updrift jetty at a harbor entrance
bypasses the sand across the inlet to the eroding shore.

(d) Direct placement. This method is a
variation on the use of a stockpile in that the fill is
completed at one time over the entire area to be
protected.

(2) Protective construction. The following
protective structures may be used for shoreline
stabilization:

(a) Breakwaters. Breakwaters reduce the
wave force reaching the shore. Offshore breakwaters
are more costly than onshore structures and are seldom
built solely for shore protection, rather they are
constructed mainly for navigational purposes. A
breakwater protecting a harbor area provides shelter for
all types of marine vessels.

(b) Jetties. Jetties are generally
employed at inlets in connection with navigation
improvements.  They control sand movement and
shoaling in channels. Jetties are similar in structure
though larger than groins and sometimes extend from
the shoreline seaward to a depth equivalent to the
channel depth desired for navigation purposes.

(c) Groins. Groin is a barrier-type
structure that extends from the backshore into the littoral
zone. The basic purposes of a groin are to interrupt
longshore sand movement, to accumulate sand on the
shore, or to retard sand losses.

(d) Shoreline armoring. Bulkheads,
seawalls, and revetments are wave-resistant walls used
to armor the shore and provide a definite landwater
boundary at a given location. The distinction between
seawalls, bulkheads, and revetments is mainly a matter
of purpose. In general, seawalls are the most massive
of the three because they resist the full force of the
waves. Bulkheads are next in size; their function is to
retain fill, and they are generally not exposed to severe
wave

action. Revetments are the lightest because they are
designed to protect shorelines against erosion by currents
or light wave action.

b. Selection of basic stabilization method.

(1) Artificial nourishment.

(a) Advantage. The artificial supply benefits
not only the shoreline where it is placed but other shores as
well.

(b) Disadvantages. Temporary changes in
the shoreline due to individual storms are not prevented by
artificial nourishment. The method is not suitable for
stabilization of areas abutting buildings, pavements, or
other structures. Also, the amount of supply must be
balanced against the amount of decretion. An oversupply
causes accretion, which may be detrimental; an inadequate
supply will be ineffective in producing the desired stability.

(2) Protective construction.

(&) Advantages. Protective  structures
require little maintenance as compared to the continuing
supply requirement involved in the use of artificial
nourishment. Furthermore, the results are more positive
than with the use of artificial nourishment.

(b) Disadvantage. In the highly developed
areas, correction of localized deficiencies is not feasible. In
such areas, protective structures must be installed over an
extensive length of shoreline because their use in one
location tends to produce decretion in adjacent downdrift
areas.

c. Layout and design for stabilization by artificial
nourishment. After the selection of artificial nourishment as
the method of shoreline stabilization, layout and design can
take into account the following factors: (1) Rate of loss of
beach material. The loss rate may be measured by one of
the following methods: (a) Measure the quantity of littoral
current and the solid content of the suspended sediments.
Use the difference in quantity between the updrift and
downdrift ends of the site.

(b) Take beach-profiles over a period of time
and determine the loss rate by section.

(c) Approximate the loss rate from aerial
photography or maps of changes in the shoreline. Use the
rule that a loss of 1 square foot of surface area represents a
loss of 1 cubic yard of beach material. This rule has been
found applicable for exposed seacoasts; for less exposed
shores, it results in a conservative approximation.
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(2) Direction of littoral drift. Determine the
direction of littoral drift from these or similar
observations: (a) Major accumulations of sediment at
existing jetties and groins.

(b) Hindcast wave data refracted into
shallow water.

(c) Shore patterns in the vicinity of
headlands.

(d) Characteristics of beach and bed
materials.

(e) Current measurements.

(3) Beach material. Select suitable material
considering the following factors:

(&) Use clean sand. Some clay or silt
admixtures are permissible; particles will be sorted by
natural wave action.

(b) Proper gradation is required to
produce the desired slope. The gradation should be the
same as that of materials found on nearby beaches
having slopes similar to those desired.

(4) Crest height. Match the existing beach
crest or that of nearby beaches similarly exposed.

(5) Miscellaneous.

(& The rate of supply of artificial
nourishment must balance the rate of loss from an
existing beach.

(b) Locate the stockpile of artificial
nourishment updrift of the problem area. Do not place
the toe of the stockpile in water depths exceeding 20
feet on seacoasts.

(c) Offshore dumping may be used.
Deposits have been successfully made up to 0.5 mile
offshore and in water depths up to 38 feet.

d. Sand bypassing system. A sand bypassing
system consists of a stationary hydraulic-suction dredge
pump, which dredges sand from the updrift side of an
inlet and pumps it across the inlet channel, usually
through a subaqueous pipe. The pump installation is
usually at the head of the updrift jetty. Floating
installations are possible but not desirable except under
unusual circumstances. The design details are as
follows: (1) Position the discharge pipe so that the
sweep of the current will distribute the sand along the
problem area.

(2) Govern the required discharge velocity with
median grain-size sand.

(3) Provide auxiliary equipment for clearing a
clogged discharge pipe, such as compressed air jets,
complete with compressors, pumps, and tanks.

5-2. Waves and wave pressures.

a. Individual wave characteristics. Waves
generated in deep water (generally considered as water
having a depth > L/2, where L is the wavelength) are
normally identified as the oscillatory type, in which
particles of water oscillate in a circular pattern about
some mean position. In shallow water, the particle
paths are
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elliptical rather than circular. Primary characteristics of
individual waves are shown in For the normal
deepwater wave, the various wave characteristics are
related by the following equations:

v=226 4/L =5.12T (5-1)

L =0.195v = 5.12T* (5-2)

T=0.442+/L =0.195v (5-3)
where

v = velocity of propagation of wave, feet per second

L = wavelength, feet T = wave period, seconds

b. Tsunamis and hurricane surge.

(1) Tsunamis are very long-period waves (usually
5 to 30 minutes in period) that are caused by a
displacement of the ocean bottom due to seismic activity.
Ports around the entire Pacific Ocean are susceptible to
tsunami waves; however, the effects at different harbors
vary considerably due to the local bathymetry from the
continental slope shoreward and to the direction of
approach by the tsunami. Ports and harbors bordering the
Atlantic Ocean have practically no problem from tsunamis
due to the lack of active seismic regions around the
periphery of the Atlantic Basin.

(2) Hurricane surge (or typhoon surge) is more
common than tsunami surge and presents a problem on the
East and Gulf Coasts of North and Central America, the
Eastern and Southeastern Coasts of Asia, and islands in
that area of the Pacific. The occurrence of hurricanes and
typhoons is fairly well documented (especially in the United
States), and the frequency of occurrence of various
intensity hurricanes and the resulting waves and hurricane
surge can be calculated. It would be considerably
beneficial to the site selection process to catalog all existing
data on hurricanes and typhoons to assess the probability
of port downtime for each year; and the probability of
extensive damage from both hurricane surge and winds.

c. Explosion-generated water waves. Explosion-
generated water waves exhibit the same characteristics as
any waves produced by a local disturbance in deep water.
A train of waves is generated where the maximum
amplitude wave always has the same period (regardless of
distance of propagation). The amplitude of this wave
decreases as 1/R (R being the distance propagated from
the source). If the explosion occurs in shallow water, the
first wave is usually the largest, regardless of propagation
distance, due to a very slow rate of dispersion. The
amplitude and frequency of the largest wave are functions
of the explosion yield, height or depth of burst, distance
from the explosion, water depth, and bottom topography.
An explosion is an inefficient method of generating water
waves and a relatively large-yield nuclear explosion is
required to create waves of appreciable height. The area
affected by
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explosion-generated waves is extremely localized when
compared with the several-hundred-mile-wide area
affected by a tsunami. The periods of nuclear-
explosion-generated waves can roughly be classified as
being between that of wind waves and tsunami waves,
i.e., they are in the long-period wave region but can
have amplitudes considerably greater than those of
normal long-period waves found in the open ocean.
d. Design wave calculation.

(1) For preliminary study and/or structures
where occasional damage may be permissible. One of
the following procedures may be used:

(a) Refer to local records and experiences
of longtime residents.

(b) Make observations at the site of such
physical features as wash and runup marks and debris.

(c) Use the following empirical relations
for open seas and inland lakes.

Open seas (Stevenson formula)

H= 1.5\/E for F> 30 nautical miles (5-4)
or

H=15+F +25-4F for F< 30
nautical miles (5-5)

Inland lakes (Molitor formula)

H=01.17+/UF For F > 20 nautical miles  (5-6)

or

H=017JUF +25- 4/F forF<20

nautical miles (5-7)
where

H = wave height, feet

F = fetch, nautical miles

U = maximum wind velocity, miles per hour

(d) Where the wind speed is known and an

adequate fetch for full development of the waves is
assumed, equation (5-8) may be used for waves of low
to moderate amplitude. This formula is not applicable to
very high waves (more than 25 to 30 feet).
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H = 0.026U° 5-8)
where U represents wind velocity in knots.

(e) When the maximum wind velocity, as well as
the fetch, is known, a more accurate determination of the

design wave is possible usingfigures 5-2 through[5-13]

(2) For final design of structures of major
importance. For such design or where the extent of the
development warrants more accurate determination of the
wave characteristics, follow the procedures given below:

(&) Make an analysis of a comprehensive series
of aerial photographs of the incident waves generated by
severe storms.

(b) Hindcast (i.e., calculate from historic,
synoptic weather charts) the characteristics of waves
resulting from several of the more recurrent deepwater
storms. Determine the shallow-water characteristics of
these waves by use of refraction and diffraction diagrams.
The determination of the characteristics of the incident
waves by hindcasting is the most reliable method for
determining the design wave. Detailed wave and water
level predictions are given in "Shore Protection Manual,”
Vol. 1. (SeelappAl)

e. Wave pressure on vertical walls. Wave
pressures due to breaking and nonbreaking waves differ
widely. The first step in the evaluation of wave forces is to
determine if the structure will be subjected to forces from
nonbreaking waves, breaking waves, or broken waves.
The determination of wave pressure on vertical walls is
explained in "Shore Protection Manual," Vol.

Il. (See[app Al)

f. Wave forces and movements on piles. Waves
acting on piles exert pressures that are the result of drag
and inertial forces. The determination of waves forces and
movements on piles can be found in "Shore Protection
Manual," Vol. Il. (See[app Al)
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Figure 5-1. Wave Characteristics.
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