Terms and Conditions of Use:

this document downloaded from
|I| 1 All of the information, data and computer software
[ (“information”) presented on this web site is for general

vulcanhammer.net o) il o 1 w55 o
information only. While every effort will be made to insure

Since ‘I 997 YOU r com plei-e i its accuracy, this information should not be used or relied on
4

for any specific application without independent, competent

online resource for | professional examination and verification of its accuracy,
. . s | suitability and applicability by a licensed professional. Anyone
InfO rmafion geofecn ICGI i making use of this information does so at his or her own risk
g ’ { and assumes any and all liability resulting from such use.
englnee”ng Clnd deep | The entire risk as to quality or usability of the information
y X " contained within is with the reader. In no event will this web
foundahons. " page or webmaster be held liable, nor does this web page
. or its webmaster provide insurance against liability, for

The Wave EqUCﬂ'IOl'I Page for any damages including lost profits, lost savings or any
PIIII‘I other incidental or consequential damages arising from
g Bl the use or inability to use the information contained

r within.

Online books on all aspects of
. . . . This site is not an official site of Prentice-Hall,
soil mechamcs, foundations and ~ Pile Buck, the University of Tennessee at

marine construction i | AL Chattanooga, or  Vulcan  Foundation
Tt i  Equipment. All references fo sources of

_soﬁtwure, equipment, parts, service

Free general engineering and
geotechnical software

ELRES

T — i — —
el -
L § s o

77

= ©

i

)

- s
Ex

. . hrl.ﬂ
: ‘rh*ﬂ,':’#.’lh-

g

g

oo B

%
—
:



http://www.vulcanhammer.org/
http://www.vulcanhammer.net

Port Construction and Repair *EM 5-480

Field Manual 5-480¢ Headquarters
Department of the Army
Washington, DC, 12 December 1990

PORT CONSTRUCTION AND REPAIR

TABLE OF CONTENTS

Page

PREFACE . ... ittt it et et e et e e e e e e vii
Purpose and Seope . ..o vttt i e e e e r e et e vil
General Port Construction ............ ...ttt innnnnrnnen. vil
Cargoin Containers ... ........iiii i ereneennnoenneeenennn vii

User Information . .......0iiiiinniinn ittt tineeennnneeneenneeeens vii
CHAPTER 1. MISSIONS AND RESPONSIBILITIES . ... ...ttt innrnnnnn 1-1
Section I. GENERAL ... .. .ttt ettt st it eer et 1-1
FM 100-10 Responsibilities . ......... ... .. . i i i et 1-1
TASCOM Assistant Chief of Staff, Movements . . ..........ciiivieiennennnen. 1-1
Engineer Responsibilities . .......... ... . . . . . . . i i i e 1-1
Transportation Responsibilities .. ............ ... . ittt ernnnn 1.2

Section II. WATERFRONT UTILITIES . ... ... .. ...t ititrrennrnnnneneenns 1-2
£ =2 o 1-2
Electricity ... ittt ittt it e et e ettt et e 1-2

Fire Protection ... .. ..ottt ittt ittt it it aeanannsanns 1-3

Bulk Petroleum ............ 0. ittt iiiiritnnnrrenenoneennns 1-3

Section III. LOGISTICS-OVER-THE-SHORE (LOTS) OPERATIONS ................ 1-4
General . ... i i et e e e e e e e 14
Responsibilities . .......... .00ttt iiiiittnn e anneeenns 1-4

DISTRIBUTION RESTRICTION: Approved for public release; distribution is unlimited.

* This publication supersedes TM 5-360, 1 September 1964.

Table of Contents




FM 5-480

CHAPTER 2 HARBORSTUDIESAND SURVEYS ..........ciittiiinennnnnn. 2-1
Importance of Historical Information . ................ ... ... ... .. ... .... 2-1
Engineering Design . .. .. ...ttt ittt i et et e e, 2-1
Responsibility for Hydrographic Surveys ..............00ciiiiniinneenn.. 2-1
Hydrographic Survey Methods . ............... .00ttt inennnnnn. 2-1
Methods of Sweeping to Locate Obstructions ...............cccovivnenen... 2-3
Methods of Bottom Investigation . ........... ... .. ... 2-3

Tides and Tidal CUITents . .. .. .. oot ittt e e e e e e 2.4
Tidal Prism

...................................................... 2-5
R T 2-5

Wave Energy and Action .. ... ... .. it e 2-6
CHAPTER 3 PORT PLANNING . ... . it et e 3-1
Factors Influencing Seaport Locations . ..................civvvvrrennnr.. 31
Planning Prior to Occupation . .............. . 00t nnennnnn. 3-1
Standards for Estimation ............... ... ... . . . . i i i, 3-2
Port-Capacity Factors . ......... . ittt einnnnnnn. 3-2
Determination of Wharf Requirements . ................. .. iuiiirnn... 3-3

Doy Quetame o 9

GUAY W YDUTLIIID o o 2 ¢ o o ¢ ¢ 5 o 5 ¢ 0 0 0 0 6 ¢ 0 5 6 68 60 060060606060 0020808060 00900000000 [3 2add ]
Square-Pier System . ........ .0ttt i i i e 3-5
Offshors Marginal Wharf System . .......... ... ... ... ..., 3-5
Pier-and-SHp System . ...... ...ttt ettt 3-6

Angied Pier-and-Slip System . . . .. ... .. i i i i e e 3-7
Finger-Pier System .. ........ ittt 3-7
AcCesSoTy StruCtUres . ...ttt i e e e 3-8
CHAPTER 4 CONSTRUCTION PLANNING AND ORGANIZATION ............. 4-1
g 00T O 4-1
Capabilities of Construction Forces . .......... ...ttt erennn. 4-1
Floating Plant and Special Equipment . ............. ... .ottt 4-2

Class IV Supplies . . ..o it i i i ittt bt ettt e e 4-3
Availability of Local Materials . ......... ... .. ... . . i i 4-3
Availability of Local Labor . ................ .0 000t iiiiiiineennnnnnnn. 4-3
Construction Planning . ........ .. ..ttt irinninnennenennnes 4-4

Phases of Reconstruction ........... ... . ... ... it 4-5
Clearing Underwater Mines and Obstructions .................coviiern... 4-7
Inspection of Damage and Deterioration ................... ... iiiunun... 4-7
Replacement and Maintenance ................. .00ttt nninnnnenn. 4-8
Rehabilitation of Locks and Breakwaters . . ............................... 48
CHAPTER 5 BREAKWATERS, ANCHORAGES, AND MOORINGS .............. 5-1
Background . ...... ... e e e e 5-1

Section . BREARKWATERS . ... ... . . i i i ettt e e 5-2

Table of Contents




Port Construction and Repair FM 5-480
Section II. WAVE-RESISTANT WALLS . ... .0ttt ittt i, 5-5
Bulkheads . .. ....... .. ... e 5-5
Revetments . ... ... ... . e 5-7
GrOINS . .t e e e e 5-7
Jetties . oo e e e 5-10
Seawalls . ... .. 5-11
Design Requirements for Shore Protection . .. ........ ... ... .. ... .. ..... 5-13
Maintenance and Repair . . . ... ... ... i 5-13
Section III. ANCHORAGE . ... ... .. ittt i 5-13
Two Types of Anchorage . .......... i 5-13
Harbor Depth . .. ... . . e 5-14
Onshore Mooring Anchors . . ... ... .ttt et e e 5-14
Rock-Fill Timber Cribs . . ..., .ottt et e e i 5-15
Section IV. LANDING RAMPS . . ... ... e e e 5-16
CHAPTER 6 WHARF LOCATION AND LAYOUT ..............00uuuiuiiii.. 6-1
Section I. LOCATION ... ... e e e, 6-1
Currents and Silting ... ... .. .. . e 6-1
Suitable Water Depths . ......... ... .. i e 6-1
Onshore Topography . .. .. ...ttt ettt et 6-2

Rail and Road Connections ... ............ .0ttt 6-2

Open and Covered Storage . .......... ..ttt 6-2
Expansion Provisions . ............... it 6-3
Civilian Labor . .. .. ... .. e e e 6-3
Section II. LAYOUT . . .. ... it e e e e e e e i 6-3
Lengths, Widths, and Water Depths . . .......... ... i, 6-3
Distance from Shore to Water of Adequate Depth . ......................... 6-4
Section ITI. METHODS OF LOCATION ... ...ttt et 6-5
Bulkhead and Pierhead Limit Lines ... ............ ... o0 0., 6-5
Effects of Structures on Currents and Silting ............................. 6-6
Transparent Templates and Terrain Models .......................c...... 6-6
Work-hours, Materials, and Equipment . .. ........ci vttt 6-6
Scheduling of Construction and Expansion Phases . ......................... 6-7
Section IV. DIMENSIONS AND APPROACHES . .......... ... 6-8
Minimum Lengths, Widths, and Aprons ... ........ .0 it nnnn.. 6-8
Width of Slips . .. .. o e 6-8
Width of Approaches to Offshore Wharves . .. ....... ...t ernnn... 6-9
Approach Flares to Marginal Wharves ..................ciiineneno.. 6-9
Approaches to Single-Length, Break-Bulk Cargo Wharves .................... 6-9
Approaches to Multiple-Length Wharves ... ........... ... ..., 6-9

Table of Contents




FM 5-480 :

Port Construction and Repair

CHAPTER 7 EARTH-FILL WHARF STRUCTURES . ................couuunu.. 7-1
General ... ... . i e e e e e e e e e e e 7-1
Moles and Breakwaters ... .........c.uitintmninitetnnenneneenenennees 7-1
Masonry Quay Walls . ............ .ttt ittt itntnnnnnnns 7-2
Sheet Pile Bulkhead . .. ......... .. i i ittt iie e 7-2
Earth Fill for Quays . .. .. .o ittt it it it i ittt e ittt e e 7-4
Base and Surface for Quays ............... .. it i it e 7-5

CHAPTER 8 ©PILE WHARVES . ... ... .. ...ttt ittty 8-1

Section I. BEARING PILES . ... ... ... it ittt ittt tae e 8-1
gy S 8-1
5+ - 8-1
Sheet Piles . .. ... it i i e e e e e 8-5
Marine Borers . .........c0 ittt ittt ittt e e 8-7
Pile Capacity ... . ittt i et e e e e e e e e e e, 8-10
Pile Bents ... .. ... ittt ittt e e e e e e 8-11

Section II. TIMBER PILE WHARVES . ... ... .. ittt ittt ittt 8-13
Advantages and Disadvantages . .. .....v ittt it i e 8-13
Standard Plans . ........ ..ttt ittt i e e e e e 8-13
Stringer Layouts for Approach Flares ................ ... ..., 8-14

Section III. STEEL AND CONCRETE PILE WHARVES ......................... 8-15
Military and Commercial Uses ............. e it e 8-15
Future Uses . .. .. ..ot ittt i i i i it ittt e i et neataeaeeaaananans 8-16

Section IV. CONSTRUCTION OF PILEWHARVES .. ... ... ... ... ... . iiiiiunn.. 8-17
Straightening, Cutting, Capping, and Bracing Piles ......................... 8-17
Layout for Positioning Piles . ........ ...ttt iein et tnenennnens 8-20
Pile-Driving Procedures . .........cccuiiitiiinneineenneetnnennenenns 8-21
Erection of Stringers and Deck for Steel Pile Wharves . ...................... 8-23
Concrete Surface for Timber Decks . .............. ...t rnnrenn.. 8-24
Concrete Pile Wharves with Reinforced Concrete Decks . ..................... 8-26
Installation of Stringers and Deck for Timber Pile Wharves ................... 8-27
Erection of Fender Systems ... ........ ... . . ittt iiininnnenens 8-28
Installation and Bracing of Dock Hardware . ..................... ... .. ..., 8-30
Pile Clusters ... ... .. ittt ittt i tnenensasannneenns 8-31

CHAPTER 9 WHARF HARDWARE, FENDERS, AND DOLPHINS .............. 9-1
Types and Uses of Wharf Hardware . .............. ...t rernen .. 9-1
Installation of Wharf Hardware ................. it rennnn 9-3
Fender Pilesand Chocks ............ ... ittt 9-4
Pile Clusters and Corner Fenders . .............. ittt veennnnnnnn 9-5
Floating Log Fenders (Camels) . ........ ... ...ttt nnenennnn. 9-7
Pile Mooring Dolphing . ....... ...ttt ittt ittt ettt 9-7

iv Table of Contents




Port Construction and Repair

CHAPTER 10 FLOATING WHARVES . ... ... .. ittt e i 10-1
Section I. ARMY EQUIPMENT (CURRENT TO&E) . . ....... i i ieinnnnnn. 10-1
Aluminum Pneumatic Fioating Bridge (M4T6) ... ........... ..o ... 10-1
Pneumatic Floating Steel (Superstructure) Bridge (Class 60) .................. 10-3
Floating Bridge (Md4) . ... ... ... .. ittt ittt 10-3

Section II. NAVY EQUIPMENT . ... ... ... ittt e e, 10-5
P-Series Pontoons . . ... .. ittt 10-5

Uses for P-Series Pontoons . ............ ... i v 10-7
CHAPTER 11 SELF-ELEVATING BARGEPIERS .................. vuuu.... 11-1
Section I. DELONG BARGES . ... ... ... ittt e 11-1
Background . ....... .. ... e 11-1

7 1< 11-1

Site Selection for DeLong Barge Units . ............. .. it itierenneen.. 11-5

Past Uses of DeLong Barges in Military Cargo Handling ..................... 11-7

Limits of DeLong Barges Used in Container-Port Construction . ................ 11-8

Section II. FENDERS FOR BARGE UNITS . .. ... ...t tiiiiiitiiiiieeennn 11-8
Purpose of Fendering . ......... ...ttt 11-8

Fender Design . ....... ...ttt e e e e 11-8

Forces from Winds and Currents . ............. ... .0t nrnnnnn.. 11-9
Recommended Techniques for Fender Design . .. .. ... ottt ennnn.. 11-10

Section III. SHORE CONNECTIONS . .. ... ... ittt e e e e 11-10
CHAPTER 12 EXPEDIENT CONSTRUCTION . ........ .0ttt 12-1
General . ... e e e e 12-1
Expedient Construction Equipment . .. ........ ... ... ... 0. .. i2-1
Expedient Piers or Causeways . ............c.c0iiinititiiiin 12-1
Expedient Repair Concepts for Pile Foundations ........................... 122

Repair Concepts for Pile-Support Structures ................ .. .. ... ... 12-5
TUSSES . vt ittt it e e e e e e 12-8
Bracing and Connecting Methods . ............ ... ... ... ... ..., 12-8
Expedient Repair Concepts for Pier and Wharf Decking . ..................... 12-14
Expedient Marine Railway Construction ................................. 12-18

Marine Lifts . ... ... . i e 12-18
APPENDIX A EXPEDIENT CONSTRUCTIONDETAILS ...................... A-1

Tabie of Conients




FM 5-480

Port Construction and Repair

APPENDIX B DREDGING ... .. ... .. ittt ittt ittt enans B-1
240Ny ¢ Y01 Y B-1

Types of Dredging ... .. ... it i i e B-1
Dredging Operations . .. ...... ...ttt ennnns B-1
Dredging Resources ... .... .. ...ttt ittt B-2
Obtaining Dredging Support . .. ... . . i it it it e e B-2
APPENDIX C  DIVING . ... ittt ittt it e et i et e e ie e C-1
Section I. GENERAL . .. ... . i ittt ettt et C-1
PUIDOSE .« ittt e e e e e e e e e C-1
Engineer Diving Support Concepts ........ ... .. .. .. C-1

Diving Support Request Procedures . .......... .. .. .. i, C-3
Communication ZOoNE . ... ... .. vtititmtit ittt te ettt anns C-4

Section II. ENGINEER DIVING FORCE ORGANIZATION .............cccvvvnn.. C-4
General ... ... e e et e e e i e C-4

Control and Support Diving Team . . . . ... ...ttt ittt ittt ennenneensn C-4
Lightweight Diving Team . .. .. ... ...ttt ittt eraeenens C-5

Section III. DIVING MISSIONS ., ... .ttt ittt ittt i iteenenaeronnnnn C-5
Occupation ActivItIes . .. ... ittt it ittt et e et e e C-6

Port Construction . .. ... ... ...t ittt ittt tanenarannensns C-7
Physical Security Operations . ...................... et C-7

Port Repair . ... . ittt i e e e e e e e C-7

Graves Registration ... ... ...ttt it tin e eneeeerneeneensennnneens C-8

Section IV. CLEARANCE AND SALVAGE OPERATIONS ... ...... .. C-8
General . ... e e e e e e e e e C-8
Clearance Operations . .. ... ... ..ottt itmn et iinseonneesnas C-9
Salvage Operations . .......... ... .ttt neenen C-9

Section V. LOGISTICS . .. .. .. ittt ittt e P C-10
General . .. ... e e e e e e C-10
Combat SUPPOTt . . . ittt e e e e C-10
Combat Service SUPPOTt . . . oottt e it e e et e C-10
Equipment Support ... .... ... e e C-11
Section VI, LIMITATTIONS . .. ...ttt et ittt sttt e ettt et e e e C-12
Environmental . .. .. .. ..t e C-12
Operational . .. .. ... ... i e e e e C-12
GLOSSARY . .. .. i e e e Glossary-1
REFERENCES . ... . it et e e i e it eaae s References-1
INDEX .. ittt it e e e e e e e e Index-1
vi . Table of Contents




Port Construction and Repair FM 5-480

PREFACE

PURPOSE AND SCOPE

_This manual is a guide and basic reference for engineer units bUI|dIn§I] and rehabilitatin
shlp-u_nloadlnrq and cargo-handling faciljties in the theaters of operations (TO). It includes por
planning and fayout and construction of freed and floating wharves to support both conventional
and container ships. It covers the special problems of expedient constryction of ports and railways
on wharves and piers. The information concerning facilities for handling and shipping_ cargo in
containers re re?]ents current development.  The manual covers many techniques still in the
concept stage. The user Is cautioned to get the latest information beforé proceeding with plans.
The material applies to bath nuclear and nonnuclear warfare; however, in nuclear warfare, port
construction would be confined to small ports not offering strategic targets to the enemy.

GENERAL PORT CONSTRUCTION

. Obtaining adequate ports early in any overseas operation is very important. Securing and
using already existing 8orts is ustally bétter than securing a site and building a new port by
conventional’'methods. Old ports reguire less material, time, and persqnnel. Old ports often have
towns nearby, as well as shore facilities such as warehouses, roads, railways, and petroleum, oil
and lubricants (POL) terminals. New ports lack all these faC|!|t|es._GeneraII¥ new ports and
temporary landing facilities serve only in the initial phase of an invasion and follow-up logistics-
over-the-Shore operations éLOTS). Sirice established ports are better, beach sites are abandoned as
ports as soon as established ports are acquired or rehabilitated.

CARGO IN CONTAINERS

Current trends in commercial shiﬁ)é)in%indica_te that 90 percent of all cargo arriving in future
TO will arrive by container.This method of shipping requires dock and road surfaces capable of
Wlthstandlng Iqreat Ioa?s. It also requires heavy-lift equipment c%pable of transferring the largest
loaded container (40 feet, 67,200 pounds) from ships up to 1,000 feet long and 115 feet wide.
Current Army facilities components system (AFCS) port designs must be changed to support such

an operation.
USER INFORMATION

The proponent of this publication is US Army Engineer School. = Send comments and
aecortramtendatlons on DA Form 2028 (Recommended Changes to Publications and Blank Forms)
irectly to--

Commandant

U.S. Arm Eng+neer School

ATTN: ATSE-TD-PM-P _

Fort Leonard Wood, Missouri 65473

Unless this publication states otherwise, masculine nouns or pronouns do not
refer exclusively to men.

DISTRIBUTION RESTRICTION Approved for public release; distribution is unlimited
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CHAPTER 1
MISSIONS AND RESPONSIBILITIES

Section |I. General

FM 100-10 RESPONSIBILITIES

Building and operating a TO port is a large and vital undertaking with many divisions of
responsibility between Navy and Army forces. Engineers at the theater headquarters and the
Theater Armv Support Command (TASCOM) make basic decisions concerning ports including
location, capacity wharfage, and storage facilities. General responsibilities; of the theater
E;om;nander, theater Army commander, and TASCOM commander are stated in Field Manual
FM) 100-10.

TASCOM ASSISTANT CHIEF OF STAFF, MOVEMENTS

The TASCOM Assistant Chief of Staff, Movements (ACS,M) is responsible for port
operations and liaison with the Navy, Coast Guard, and other military and authorized
civilian agencies, from both the U.S. and allied countries. Army engineer responsibilities
include minor salvage operations, such as clearing obstructions and debris from harbor
entrances, and channel improvement. However, the Navy is responsible for large-scale
salvaging operations. The ACS,M requests, advises, and makes recommendations concerning
engineer operations.

Theater, theater Army, and TASCOM functions for construction of a specific port include--

a. Study of intelligence reports and all available reconnaissance applicable to each port
area.

| b. Tentative choice of ports or coastal areas to use as part of the overall strategic
planning.

¢ Assignment of the port mission.
d. Determination of port requirements.

e. Té:ntative choice of the construction, engineer units, special equipment, and material
required.

ENGINEER RESPONSIBILITIES

Engineer units are responsible for port construction and rehabilitation. They coordinate
all work with naval units engaged in harbor work such as clearance and salvage or
neutralization of mines or underwater obstacles in the harbor. Engineer units coordinate
with transportation units to assist in establishing construction requirements, plan
construction, and recommend priorities.

1-1
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TRANSPORTATION RESPONSIBILITIES

Transportation units operate the port facilities and coordinate construction needs with
engineer units. They also assist in planning construction and recommending priorities.

Section Il. Waterfront Utilities
WATER
a. Responsibilities.

(1) Quartermaster units are responsible for supplying potable water in the TO.

(2) Engineer units are responsible for construction and maintenance of water
distribution facilities in the TO. Engineers are also responsible for water reconnaissance,
well drilling, and water point improvement.

b. Methods. Even though newer ships can provide fresh water from sea water, not all
ships making port calls in the TO can provide this service. Engineers must supply potable
and nonpotable fresh water for these ships. Methods include--

(1) Fresh-water jetties similar to fueling jetties, with dolphins for mooring.
(2) Barges to supply ships moored offshore.

(3) Water supply at wharves. Operation orders normally specify that fresh water be
piped and stored at the first deep-water berth.

¢. Quantities. Daily requirements may go as high as 200,000 gallons. The logistics office
determines potable and nonpotable water requirements for ports, including fire protection.

ELECTRICITY

a. Responsibilities. Engineer units are responsible for the construction, operation, and
maintenance of electrical power distribution systems.

b. Sources. The source of electrical power is part of the integrated base design. Local
electrical distribution systems and power generation stations are rehabilitated and used
where possible. This may require electrical conversion equipment. Where no systems are
available, military generators and/or Army Facilities Components System (AFCS) designs will
be usgd. Assistance is available from the Office of the Chief of Engineers (OCE) Power
Detachments.

1-2
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c. Uses.

(1) Wharves or piers. Normally, only lighting is required. Wiring is in conduit.
Overhead poles and lines are kept to a minimum. The DeLong pier has its own power
generation capability.

(2) Area lighting.

(3) Street/road lighting.

(4) Security/perimeter lighting.
(5) Billets, administration, maintenance, and mess facilities.

FIRE PROTECTION

a. When engineers rehabilitate or construct ports, they ensure that there is adequate fire-
fighting and fire-protection equipment.  Engineers require water mains, hydrants, and
standpipes/hoses supplemented by water sumps, buckets, and various types of hand
extinguishers.

b. Fire-fighting units. Five fire-fighting teams are authorized:

(1) Team FA, fire-fighting headquarters.

(2) Team FB, fire trucks.

(3) Team FC, water trucks.

(4) Team FD, brush fire trucks.

(5) Team FE, aviation fire crash/rescue.

¢. These teams, or their components, will provide port fire protection.
BULK PETROLEUM

a. Engineer units are responsible for the design, construction, rehabilitation, and major
maintenance of bulk petroleum facilities from the high water point/mark downstream.

b. Quartermaster units are responsible for the operation and routine maintenance of bulk
petroleum facilities.

Missions and Responsibilities
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Section Ill. Logistics-Over-the-Shore (LOTS) Operations

GENERAL

The Army needs LOTS to support cargo delivery to the TO. Army engineer units support
LOTS missions because ports may be unavailable for long periods of time due to such causes
as damage from combat, vulnerability to enemy combat action, or extended repair/
construction. LOTS terminals handle at least 40 percent of all cargo entering contingency
theaters by surface means. Rapid establishment of viable LOTS terminals depends on
engineer units for construction and maintenance.
RESPONSIBILITIES

a. Transportation units have overall responsibility for LOTS. Each LOTS terminal is
under the direct control of a transportation/terminal battalion which is made up of two
service companies and appropriate support units.

b. Engineer units give construction, repair, and maintenance support to LOTS. An
engineer unit may expect to encounter the following missions in supporting LOTS:

(1) Constructing semipermanent piers and causeways.
2) Clearing beach obstacles.
3) Preparing and stabilizing beaches.

4) Constructing access and exit routes from beaches.

6) Constructing marshaling and storage areas.

7) Constructing road and rail links to existing LOCs.

(
(
(
5
(
(
(

)
)
)
) Providing access to marshaling areas and adjoining LOTS sites.
)
)
)

8) Constructing utility systems.

(9) Constructing POL storage and distribution systems.

(10) Providing other assistance or maintenance support assigned by the terminal
commander.

Missions and Responsibilities
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CHAPTER 2
HARBOR STUDIES AND SURVEYS

IMPORTANCE OF HISTORICAL INFORMATION

Until recently, scientific design criteria for shore protection developed slowly. Long trial
and error expedience led to structures best suited to local conditions. Engineers had to
experiment to find a suitable protected site long enough for an inner harbor without the
rapid shoaling of channel approaches.  The history of early structures and construction
methods is practical background for new construction.

ENGINEERING DESIGN

Wherever possible, standard designs can save time in design, construction, and
maintenance. Standard designs and bills of material allow advance procurement of materials
and equipment.  Using them requires a knowledge of the site and the eX|st|r_1rq foundation.
Reconnaissance, construction surveys, soil bearing tests, driving of test piles, and sieve
analyses of local sands and gravels precede final design. ~Engineers design nonstandard
expedient structures only when they cannot use standard designs.

RESPONSIBILITY FOR HYDROGRAPHIC SURVEYS

The mapping organization in the TO follows policies set by the G2. The theater engineer
coordinates the work of the topographic units in carrying out c]qollcy. The theater engineer
also coordinates the work of all topographic units of subordinate commands. The unit
engineer plans and executes work needed by a particular unit that is not included in the
theater mapping program.  The engineer includes special maps and map overlays. His
topographic units make astrofixes for map control and to tie into the existing triangulation
system.  Construction units establish azimuth and some vertical control for assigned
construction jobs.

HYDROGRAPHIC SURVEY METHODS

Technical Manual (TM) 5-235 describes military equipment and methods of taking and
locating soundings. Specific information includes--

a. Factors considered in hydro%raphic surveys. To locate a wharf site, the engineer must
determine the submerged relief at the proposed site.

~ (1) Water depth.  Water depth is critical to the operation of ships and craft.
Engr:neers_ must obtain bathymetric measurements in the port area and seaward approaches
to the facilities. The normal draft for a container ship is approximately 40 feet.

(2) Bottom character. Engineers must stud%.the character of the bottom. They must
|

locate and remove or mark foreign and random objects, including boulders, oil drums, and
ship wreckage.

: 2-1
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(3) Tidal characteristics. Tidal parameters that require determination are heights,
range intervals, times, and behavior of tidal currents on a daily and seasonal basis and
during storms. Daily tidal ranges exceed 20 feet.

(4) Discharge volumes and river flow velocity. These factors affect traffic regulation,
structure location and orientation, sediment transport and deposition, and dredging.

(5) Extent, duration, and causes of inland flooding. Harbor routine may vary during
flood seasons. Sediment introduced In harbor areas may create navigation problems:

Historical data helps accurate forecasting.

(6) Tidal and river currents. Current direction and velocity affect navigation. There
are longshore currents, wind currents, river currents, and permanent great currents. Several
currents may act together.

(72_Shoreline data. Shore tidal conditions must be established for daily, seasonal, and
extreme tide stages.

(8) Location of landmarks as navigational aids. Hydrographic and topographic maps
andb_?ftarlal photography simplify locating landmarks. ~ Field checks ensure acceptable
visibility.

~ (9) Location of current and abandoned structures in the water and along shore
margins.

(10)  Sub-bottom characteristics. ~ These include sediments, layering, bearing
capacities, and consolidation.

b. Types of surveys. To obtain the required information, engineers make the following
separte surveys:

(1%C0nstruction planning survey. Establishes basic facts of shoreline, water depth,
bottom character, and existing structures.

(2) Special detail survey. Serves specific projects of construction or rehabilitation.

3t) Survey of operating harbors. Obtains data on channel characteristics, aids and
hazards to navigation, wharf location, and harbor structures.

¢. Methods of hydrographic survey.

_ (1?1Contemporary. Methods depend on type of data required, equipment of the team
making the survey, area'to cover, and character of the body of water being surveyed.

~(2) Sounding methods. Engineers make and_BIot soundings to ensure proposed wharf
locations have adequate depth. - TM 5-235 describes current Tables of Organization and
Equipment (TOE) equipment for sounding operations. It includes automatic depth recorders,
sounding poles (to 2 fathoms), leadlines (more than 2 fathoms), sweeps and drags, special
survey vessels, buoy markers, signals (tripods, pylons) set up ashore, sextants, and others.
Recording tide heights is a standard process, but soundings make recording easier. Depths
measured and recorded below the water level are corrected on charts of the location.
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METHODS OF SWEEPING TO LOCATE OBSTRUCTIONS

a.  Sweeping locates pinnacles or other navigation obstacles above the draft limits
required for the largest ships to use the area. Sweeping is always used as a final check after
dredging. Sweeping is discussed in TM 5-235.

b. Methods of sweeping.

(1) Leadlines. Leadlines indicate the depth in waterways with regular bottoms. They
cannot reliably show minimum depth over rock pinnacles, sunken wrecks, or other dangers.

2) Wire drag. The wire drag is a horizontal bottom-wire. It is supported by
adjustable upright cables suspended from surface buoys. The upright cables can be adjusted
to sweep at a given d_eﬁth. They make adjustments for the rise and fall of the tide. They
hang nearly vertical with weights at their lower end. The drag wire is kept from sagging by
several intermediate wooden floats attached to the wire. The drag wire, which may be 5
miles long, is towed by two launches. A buoy is placed over each obstruction located, then
the drag 1s cleared. small sounding boat makes careful soundings in the buoyed area to
find the minimum depth over the obstruction.

(3) Wire sweep. The wire sweep is a modification of the wire drag. Buoys are placed
farther apart. The wire sweep cannot vary the depth of the wire while dragging. It cannot
prevent sag of the wire between buoys. It can be put in operation quicker than the drag. It
IS used in areas with few obstructions and with water deeper than required for navigation.

(4) Sweep bar. Surveyors use sweep bars to determine minimum clear depths. They
locate obstructions and navigation dangers in confined areas, such as shoals, rock pinnacles,
reefs, or wrecks. The sweep bar is a heavg section of railroad rail, steel pipe, or a structural
steel section. It is held by two vertical cables. It can be suspended from a float, catamaran,
or boat of suitable size. The suspending craft may be either towed or self-propelled. It must
maneuver to maintain horizontal sweeping control. The sweep bar is suspended to avoid sag
or deflection. The supporting craft can control depth by adjusting the cables holding the bar.
Sweep bars have wide applications. They range from small hand sweeps operated from a
rowboat for locating minor obstructions to specially-designed crafts for sweeping large
channels and harbors.

(5) Specialized sweeping. Naval units are required when sweeping for mines.
METHODS OF BOTTOM INVESTIGATION
a. Types and uses.

~ (1) Underwater investigations of bottom materials are made from wash borings, core
borings, probing, and diving.

?12) A hydrographic survey includes superficial bottom examination based on materials
that adhere to grease kept in a cup-shaped depression in the bottom of the sounding lead.

(3) Investigations of bottom materials are made to--
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* Indicate the probable length and size of adequate bearing
* Establish the most suitable pile material.

* Determine the type and depth of dredging or type of dredging equipment to use.
b. Wash borings.

(1) The bottom material must be soft enough so a casing pipe can penetrate it. The
casing Is driven into the bottom, a few feet at a time. A hollow drill rod Is inserted in_the
casing. The nozzle at the lower end of the drill rod usually has a chisel point for boring.
Water is washed down the rod as it is raised and lowered in the casing. Water and bottom
material are forced to the surface between the casing and the rod.  This overflow is
discharged into a bucket. Suspended material is allowed to settle for analysis.

o (22 To obtain a dry sample, the drill is removed, In its place, a short length of sample
Blpe is attached to the rod. The rod is placed in the casing and driven a foot or more into the

ottom to force a sample of material into the sample pipe. The casing stands in place until
the rod and sample pipe are removed with the dry sample.

c. Core borings. Core drilling is necessary for rock stratum and for soils containing clay
or clay with boulders. A casing is driven through the overlying soil to its limit of penetration.
Materials within the casing are then removed. Rotary-drill coring equipment is then inserted
into the casing to remove the core.

d. Probing. Probing serves mainly to determine the depth to the surface of rock or
hardpan. It obtains bottom materials and tests bottom hardness. Lengths of pipe are forced
into soft bottom materials by hand or are driven with a maul.

e. Diving. Usually divers investigate underwater piling and other foundations or
obstructions.

TIDES AND TIDAL CURRENTS

Tides have a variety of effects on port construction (see TM 5-235). Tidal currents are the
alternating horizontal movements of water associated with the rise and fall of the tide. They
are caused by astronomical forces.

a. Information. The Naval Oceanographic Office, Washington, D. C., maintains files of
hydrographic charts for areas throughout the world, exclusive of the U.S. The office also
pr((afares tide tables and other hydrographic data, which are available upon request. Lists
and publications include sailing directions, lists of lights, radio weather and navigational
aids, current atlases, fleet guides, marine geographies, surface temperature charts, tide
tables, tidal current tables, ?eneral navigation charts, and coastal hydrp%r%P_hlc charts.
Information about the coastal waters of the U.S. and its possessions is published in detail by
the National Ocean Survey (formerly Coast and Geodetic Survey), U.S. Department of
Commerce. Winds or river discharge may cause currents to vary from predictions by as
[)nuch as half an hour in well-documented areas. In poorly documented areas, variation may

e greater.
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b. Effects of tidal waves by type.

(1) Progressive. A progressive wave leads to maximum current flow near high and
low tides. The rate of progress of the rest of the tidal wave is much gRrgaater than the speed of
the current. For example, the crest of the tidal wave in the Hudson River advances at a rate
ck)f atbout 16 knots; however, the average maximum rate of the tidal current is less than 2

nots.

(2) Stationary. Oscillation of the water in the basin leads to maximum current flow
at half tide. Strength of current is greatest at the axis of oscillation. It decreases as it
approaches the end of the basin, where the range of the tide is greatest.

TIDAL PRISM

_The tidal prism is the total amount of water flowing into a harbor or estuary or out again
with movement of the tide. It excludes any freshwater flow. The tidal prism may be
estimated by measuring the volume of the area or the volume of flow through the harbor
entrances. Changes in the tidal prism and restrictions of the waterways may change the
depth or direction of existing channels. ~ These changes happen through scour or
sedimentation.  Such changes are difficult to predict or evaluate.  Constructing pile
structures, where practical, can avoid changes in the tidal prism.

WAVES

The familiar ocean waves are wind waves generated by winds blowing over water. They
range in size from ripples on small bodies of water to large ocean waves as high as 100 feet.
Wind waves cause most of the damage to ocean coasts. At sea or near the shore, the most
noticeable waves are often swell associated with winds over great distance. Another type of
wave, the tsunami, is created by earthc]uakes or other tectonic disturbances on the ocean
fl?or. Tanamls have caused spectacular damage at times. Fortunately, tsunamis occur
infrequently.

a. Wave characteristics. Wind waves are known as oscillatory waves. They are defined
by height, length, and period.

(1%Definition of wave terms. Wave height is the vertical distance from the top of the
crest to the bottom of the trough. Wave length'is the horizontal distance between successive
crests. Wave period is the time between successive crests passing a given point.

(2) Determination of wave characteristics.  Four variables determine the height,
length, and period of wind waves--

* Fetch, or the distance the wind blows over the sea in generating the waves.

* Wind speed.

* Length of time the wind blows.

* Decay distance, or distance the wave travels after leaving the generating area.

Generally, the longer the fetch, the stronger the wind. The longer the wind blows, the
larger the waves. If shallow enough, the water depth affects the size of wave generated.

Harbor Studies and Surveys
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b. Wave classifications. A description of a wave involves both its surface form and the
fluid motion beneath it. A wave describable in simple mathematical terms is called a simple
wave. Complex waves have several components and are difficult to describe in form and
motion. Other classifications include oscillatory or nearly oscillatory waves. In these, water

article motion is described by orbits which aré closed or nearly closed for each wave period.

he type of wave most important to port construction and rehabilitation is the gravity wave.
Gravity is the principal restoring force. Gravity waves are further classified as deep water,
transitional, or shallow-water waves.

c. Deep-water waves. Deep-water waves are at a water depth more than one-half the
wave length or when d/L (Figure 2-1) exceeds one-half. The phase velocity is the length of
tr]le wave dtl_vlded by the time required to travel this length. It is an important characteristic
of wave motion.

Direction of wave travel

L = wavelength

{.
Wave crest ~ l H = wave height ’

—— 4\ B

— F— = /\

-——— Crest length region —]
gihreg T~ Wave trough

Stillwater level

(=— Trough length region ——l
d = Depin

Ocean bottom \

Figure 2-1. Deep-Water Wave
WAVE ENERGY AND ACTION

a. Energy content of waves. The total energy of a wave system is the sum of its kinetic
energy and 1ts potential energy. The Kinetic energy is that part of the total energy due to
water particle velocities associated with wave motion., otential energx_ is thé energy
resulting from the part of the fluid mass above the trough. According to the Airy (first-order)
theory, potential energy may be determined relative to mean water level. All waves may be

ropagated in the same direction. Potential and kinetic energy components may be eca]ual.
Inder these conditions, the total wave energy (E) is one wave length per unit crest width, as
given by Equation 1.

E =E+E= pg_ﬁm_ +_p%:[2|_ = ngB:LL (Equation 1)
where:
Kinetic energy

potential energy o .
mass density = w/g (w = unit weight) = 2.0 Ib-sec? (slugs/ft’) for salt water
IS

e} x
1
T I

gravitational acceleration
wave height
wave length

rTQ TUmm
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Substituting p = 2.0 slugs/ft, the equation can be reduced to a proximately E = 8LH". This
equation indicates a wave 12 feet high and 1,300 feet long with an energy content of nearly
1,500,000 foot- pounds Iper foot of Wﬁve Ienq;[h. Dynamometer readifngs on breakwaters
exposed to the direct force of waves show wave pressures as high as 7,000"pounds per square
foot. These are maximum readings over an area of about 1 square foot. It is improable that
equally great pressures are experiénced over the total area of a bulkhead or break water.

b. Forces exerted by a blocked wave. When a wave is suddenly stopped by an obstacle, it
generates the following forces, which act alone and together on the obstacle:

_ (1) Direct horizontal force combining impact and continued pressure. A breakwater
with a constant water level on the sheltered'side feels pressure on the exposed side. One end
of flyctuation is the result of a positive combined pressure from the Kinetic energy of the

moving water and the static head of the wave at maximum height. The other’énd is a
negative pressure when the trough of the wave is at the breakwater.

(2)
(3) Vertical downward force resulting from the collapse of the wave.
(4) Downward kinetic and static pressure on top of the structure.

ruct ) Suction from the backwash, which tends to produce negative pressure inside the
structure

Deflected vertical force upward.

c. Height of rise of a blocked wave. The energy content of a wave is equally divided.
One part 1s the kinetic energy of the moving particles of water. The other is the potential
energy of the mass of water raised above still water level. A wave may encounter a vertical
obstruction in water greater thsn its breaker depth. The kinetic enertgy of the moving
particies is then largely canverted to potential energy. The wave rises {0 nearly twice its
normal height. This fact is important in the design of structures in water with a depth

eater than breaker depth because It permits calctlating the maximum height needed to
keep waves from breaking over the top.

d. Effect of wave action on a structure. Waves have many effects on natural and man-
made coastal features. The tremendous wave forces generated by a storm make damage
likely. The forces exerted by a blocked wave may cause the following effects on obstacles:

(1) Vibration or weaving, which tends to weaken connections.
2) Hydrostatic pressure or suction in all directions in the joints and interstices.

(

I(3) Alternatci comgression and expansion of volumes of air in cavities, which transmit
pressure’to internal parts.

{4

o Struc u)réDeﬂected vertical force, which tends to shear off projections beyond the face line of

(5) Direct horizontal force of impact and continued pressure, which tends to overturn
or slide.

e. Battering -ram action of floating objects. The energy of a wave is contrated as a
battering ram when it hurls a floating object.
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CHAPTER 3
PORT PLANNING

Successful port construction requires careful planning based on detailed reconnaissance.
Reconnaissance continues until actual occupation. Planning may appear complete before
occupation, but last-minute enemy action may necessitate a major change in plans.

FACTORS INFLUENCING SEAPORT LOCATIONS
A seaport should lie near sheltered waters. Shelter comes in any of the following ways:
a. A bay or river forms a natural location for a seaport.

b. Engineers create shelter by increasing the length or height of natural formations, such
as land arms, rocks, reefs, islands, or other barriers.

¢. Engineers build breakwaters or jetties as protection for the inner water.
PLANNING PRIOR TO OCCUPATION

a. Before occupying a port, planners must consider estimated logistical requirements and
both the current and expected physical condition of the port to be occupied. Planning prior to
occupation covers a long period of time.  Operation orders then give construction
assignments, facilities required, and target dates for development.

b. The theater commander must evaluate ports according to the possible quantity and
nature of cargo and personnel they will handle. Often this phase of planning depends on the
first reconnaissance. The commander examines previous plans critically in view of the
physical condition of the port. Priorities in the operations order may change in light of the
port’s actual physical condition. The commander coordinates indicated changes and their
Impact on logistics through Army engineer, transportation, and other command channels, as
well as with naval units engaged in clearance, dredging, and other harbor projects. Planning
and scheduling depend on meeting all immediate needs and making all work contribute
toward meeting final requirements.

¢. During final development, planning depends on a full knowledge of the theater-wide
logistical situation. Planners study the relative value of rehabilitation and construction, and
the value of specific facilities to the construction effort required. Selection of the best sites
for development depends on need for dispersion, location of logistical requirements, time and
effort needed to move construction units, locally available material, and civilian or
prisoner-of-war labor. Similar factors determine the best development within a port.

3-1
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STANDARDS FOR ESTIMATION
The following terms establish standards for estimation:

a. Port capacity. The estimated amount of dry cargo, containerized cargo, and bulk and
roll-off equipment. It is usually expressed in weight, measurement tons, or number of
containers per day that can be discharged onto the available piers, wharves, quays, jetties,
moles, and beaches of a port.

b. Standard minimum width. The wharf width for deep-draft noncontainerized ships
using one-side discharge is 60 feet, or 90 feet for two-side discharge. Container ships require
80 feet, and lighterages either 35 or 42 feet.

¢. Minimum required depth below mean low water. The depth required by the draft of a
ship.  For deep-draft noncontainer ships, the minimum required depth is 30 feet. For
high-speed container ships, it is 40 feet. Shallow-draft crafts require a minimum of 12 feet.

d. Wharf systems. Wharves include any extensions built from shore to water of
minimum required depth to provide direct contact for handling cargo between deep- or
shallow-draft ships and shore. “Wharves” also include structures described as quays, piers, or
marginal wharves.

PORT-CAPACITY FACTORS

a. Engineer responsibility. Port-capacity requirements are estimated by Headquarters,
Transportation Command (TRANSCOM) or by the TASCOM ACS,M. The construction
engineer usually makes an independent estimate of the capacity of the port under various
alternative methods of construction, repair, or rehabilitation. ~ This estimate is used to
determine priorities for engineer projects. The person doing this estimate must understand
how the capacity estimates of TRANSCOM and TASCOM work with respect to military loads.
The engineer recommends schedules for repair and maintenance of port cranes and other

equipment and facilities, roads and railways within the port area, and storage and
marshaling areas.

b.  Wharf facilities.  Rehabilitation, construction materials, and plans affect wharf
capacity.

c. Discharge rates. Port capacity estimates depend on the discharge rates of ships either
at the wharf or in the stream. Priority goes to expedient methods that allow ships to
discharge quickly. Construction coordinated with transportation units cuts interference with
the discharge of ships.

d. Anchorage available.  Sheltered anchorage allows for discharging cargo while

?ei\lep-yvater wharves are constructed or repaired. Continuous lighter craft usage allows the
ollowing:
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(1) Continuous dredging of the deep-water approach channel using the shallow-draft
approach with discharge outside the dredging areas.

éZ) Use of the shallow-draft parts of wharves while some of the deep-water wharves
are under construction.

(3) Unloading the shallow-draft vessels over deep-draft wharves when removing
obstructions that prevent deep-draft use.

e. Other factors. Base periods of time, such as the 2-shift, 20-hour working day or a
specified number of days in a month, allow engineers to consider bad physical conditions
peculiar to the location in preparing time estimates. For example, they can estimate time
needed in some harbors to work in‘ice during winter. Extreme range of spring tides may
bear upon work. Where heavy seasonal rains, snowfall, icing, severe winds, fog, and heat or
cold exist along a coastline, engineers modify their estimates to allow for these conditions.

DETERMINATION OF WHARF REQUIREMENTS

“Standard wharfage requirement estimates match only the specifications for noncontainer
ships, but only an 80- by 900-foot wharf is sufficient to support the latest container vessels.
Total estimated container wharfage is the basis for up-to-date wharf layout. To compare
density where shore front is limited, use Table 3-1 and, page 3-4.

TABLE 3-1. Linear Feet of Berthing Spaces per 1,000 Feet of Shore Front

Type of layout Freighter Lighter Total

(1) Quay 1,000 1,000
(2) Square pier 2,143 2,143
(3} Right-angle pier for one freighter on each side 3,120 313 3,433
(4) Right-angle pier for one freighter plus one lighter on each side 3,120 1,250 4,370
(5) Acute-angle pier for one freighter on each side 2,690 270 2,960
(6) Right-angle pier for two freighters on each side 4,160 208 4,368
(7) Acute-angle pier for two freighiers on each side 3,600 180 3,780
(8) T-type marginal wharf for freighter on outside face and lighters on inside face 770 *1,380 *2,150
{9} U-type marginal whar! 1,000 or less 1,000 or less
(10) Finger pier 3,120 *313 3,433

Note. These figures are for purposes of comparison only.

* 1,682 foet and 2,452 feet if traffic conditions are such that lighters can be worked along the faces of the causeway.

** Up io 813 feet and 3,933 feet if iraffic conditions are such that iighters can be worked along the faces of ihe causeway.

QUAY SYSTEMS

a. Characteristics. A quay [(Figure 3-1,(1)] is a marginal wharf supported by either the
shore itself or by solid fill. Quays are used in water with mi |mi.1m reofuwed depths. A ﬁgllﬁd
marginal quay is supported by shore bracing and piling. The linear feet at the face of the
quay is the length of berth accommodations.
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(@) Square pier

Right-angle pier
one freighter each side

@ Right-angle pier
one freighter - one lighter
each side

=", Acute-angle pier
one freighter each side

NOTE: NOT TO SCALE

Right-angle pier
two freighters each side

@ Acute-angle pier
two freighters each side
one lighter on face

T-type marginal whart
freighter on each outside face
lighters on inside face

®

Finger pier
One freighter each side

o

Figure 3-1. Wharf Layout
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b. Advantages.

(1) Stability and bearing strength of the solid fill supports the load, especially when
handling cargo in containers.

(2) Accessibility of the upshore work area.
(3) Use of surplus fill.
¢. Disadvantages.
(1) Moving earth or other material to provide fill requires equipment and personnel.

(2) Berth length is limited to the length of the wharf face, unless mooring dolphins
extend the usable length.

SQUARE-PIER SYSTEM

a. Characteristics. A square pier (see|Figure 3-1, (2))| has berth accommodations at the
sides as well as at the face. It is supported by sofid Tiff or piling. Usually the area of the
deck is so great that it precludes all-pile construction. For this reason, this type of pier is
rarely adaptable for new construction. For linear feet of berthing space per 1,000 feet of
shore front, see| Table 3-1.

b. Advantages.
(1) Solid fill offers stability and bearing strength.
(2) Upshore areas are accessible for storage and traffic circulation.
(3) Side berths add to berthing accommodations.
¢. Disadvantages.
(1) Moving earth for fill requires equipment and personnel.
(2) Requirements for fill or piling are great compared to usable space on the deck.
(3) When on fill, the square pier changes the natural current system.
OFFSHORE MARGINAL WHARF SYSTEM

a. Characteristics. An offshore marginal wharf [Figure 3-1, 8 and 9) is located offshore
but parallel to the shoreline. Causeways are used o connect the wharf to the shore. The
wharf provides deep-water berths at its outer face. ~Shallow-water berths often lie along the
causeway section and shoreward face. The wharf is either floated or supported by piles or
solid fill. Causeways are solid construction resting on piles or floating. U-type causeway and
wharf arrangements allow truck traffic to circulate.
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b. Advantages.

(1) The layout allows many construction methods. Navy pontoon gear normally
supplies needed floating wharfage.

(2) Moorings for shallow-draft craft range along the sides of the causeway. When

multiple causeways are used, a movable section can provide access to space(s) between
causeways for mooring or unloading vessels of suitable draft.

(3) Along rocky shores, offshore construction is likely to save costs.
¢. Disadvantages.
(1) If only a single causeway is available, unloading or traffic problems may occur.

(2) The large area of the wharf structure not tied to shore anchorages requires
moorings that are not supported by the wharf structure.

PIER-AND-SLIP SYSTEM

a. Characteristics.  The pier-and-slip system|(Figure 3-1, (3), (4),and provides
alongside-berthing space perpendicular to the shore.  Commercial ports generally use this
system. The piers are long enough to accommodate the ships and wide enough to provide
adequate working space for cargo handling. The slip should provide depth for the ships and
width between two berthed ships at adjacent piers for floating cranes and other harbor craft
and equipment. Piers are usually built on piles, but may have solid-fill mass support. Pier
construction is obviously impractical in water that is too deep for the available piling. If
water depths cause large unsupported piling lengths, dump rock fill after the piles are driven.

b. Advantages.
(1) Offers more linear feet of berthing for a given length of shoreline.
(2) Pier work space is directly accessible from the shore area.

¢. Disadvantages.

_ (1) Limited space between piers causes dense navigational traffic in and around the
piers.

(2) Piers are an encroachment on the restricted waterway.

(3) Pier- or bulkhead-limit may affect the line set to ensure adequate channels or
anchorage.

36
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ANGLED PIER-AND-SLIP SYSTEM

a. Characteristics. The angled pier-and-slip system|(Figure 3-1, (5)jand| (7)) provides
alongside berthing, but the piers are not placed at right angles to the shore. This type of
system is frequently used where strong currents or strong prevailing winds would adversely
affect perpendicular piers.

b. Advantages. This layout fits narrow shorelines where the perpendicular-pier layout
cannot be used or where the pier system is located on a narrow waterway, with insufficient
room for a ship to make a 90-degree turn to enter the slip.

¢. Disadvantages.

(1) With normal current and wind conditions and adequate approaches, ships berth
and moor more readily in slips with a 90-degree layout.

(2) Construction is difficult and requires more material.
(3) Abnormal currents or winds make the use of tugs critical.

FINGER-PIER SYSTEM

a. Characteristics. ~ The finger-pier|(Figure 3-1, (10)), like the pier-and-slip system,
provides alongside berthing space.  If built wide enough, finger-piers can accommodate
vessels on each side. A simple causeway of pile construction or solid fill, or a floating
causeway is used to connect the pier to the shore.

b. Advantages.

(1) Adaptable to many types of construction. It may be built using piles, floating
wharfage, or the steel-spud or spud-type barge.

(2) Shallow-draft craft can discharge onto the causeway.
(3) Pier can serve in marshes and mud flats.

(4) Where tides fluctuate, the finger-pier causeway can extend out into deeper water
to ensure an adequate depth, regardless of the tide.

¢. Disadvantages.
(1) The single causeway may result in unloading and traffic problems.

(2) Separate moorings, which are not supported by the wharf structure, may be
required for mooring ships at the wharf.

Port Planning
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ACCESSORY STRUCTURES

a. Lighter wharves and basins. Lighters are shallow-draft craft used for loading or
unloading larger vessels. They may be either self-propelled or towed. The controlling depth
for lighter crafts is the same as that of the tugs which use them, usually 12 feet. However,
at lighter wharves, extremely shallow water or breaching on the soft bottom is possible.
Self-propelled lighters, esFeC|aIIy those with outboard engines, need more depth than their
actual draft to prevent fouling of their cooling systems while navigating over the soft bottoms.
Required slip width is based on the beam of the craft and navigational requirements.

b. Floating wharves.

(1) Characteristics. Floating wharves, typically fabricated from Navy pontoon gear,
can be assembled in almost any size layout. Use hinged joints to avoid Iong, rigid structures.
A typical floating wharf for a single noncontainer cargo ship has a 43- by 431-foot deck with
two or more Pon_toon bridge apﬁroaches. Existing designs and equipment specifications will
require modification and strengthening to support container operations.

(2) Advantages.

* Floating wharves can be moored in water that is too deep for pile driving. They
are good in areas with very high (30 feet or more) tides.

* Pontoon cube bridges or sections can be assembled elsewhere and towed into
place, reducing in-port assembly time.

_ * These wharves permit quick assembly, movement, and disassembly. Piecemeal
disassembly during replacement by a fixed wharf is also possible.

(3) Disadvantages.

* Initially light maintenance requirements may later become heavy because of
weakened connections and corrosive effects of salt water.

* Equipment will not support the large deck loads of containers.
* Operations using floating wharves must stop during high seas.

c. Jetties, breakwaters, and moles. Jetties and breakwaters are usually designed and
located primarily to protect the harbor and its channels. When favorably located and
furnished with a vertical face on the protected side, both structures may serve as tie-ups for
ships and, when surfaced, as wharves. When used this way, a breakwater is called a mole.

~d. Bulk petroleum handling facilities. Facilities consist of wharves, dolphin moorings,
ship-to-shore pipelines, and shore pumping stations and storage tanks. For fire protection,
these facilities must be a safe distance from other structures and storage areas. Terrain
barriers, ground slopes, and current charts are used to keep gasoline from flowing overland
or floating on water. If the port is small and congested, an outside location at a protected
cove or roadstead is preferable. Coordination with the Quartermaster Corps, Transportation
Corps, and Navy helps in selecting locations.

Port Planning
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e. Marine railways and graving docks. En?ineers allocate space not needed for wharfa%e,
navigation, or onshore facilities to provide for marine railways. They allow space for the
marine railway from the piling that marks the deep-water end of the railway to the winch, or
other equipment, handling the cable on shore.

(1) A marine railway consists of a platform with a cradle. It operates on a railway
from deep water to shallow water or dry land. Small vessels are secured to the cradle on the
platform and hauled ashore.

(2) A graving dock is a basin into which a vessel is floated. The basin is then emptied
to do work on the underwater part of the hull. After completion of the work, the basin is
flooded and the vessel floats back into service.

Port Planning
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CHAPTER 4
CONSTRUCTION PLANNING AND ORGANIZATION

PURPOSE

a. Careful construction planning cuts costs and creates an orderly sequence for the
project.

b. Construction planning enables the manager to--
(1) Determine the tasks.
(2) Establish priorities.
(3

(4
(

5
(6) Establish responsibility.

)
) Determine time schedules for each task and for the entire project.
) Identify personnel and equipment needs.

)

Forecast requirements for materials and special equipment to prevent delays.

c. Effective port construction planning requires--
(1) Reconnaissance and study of the proposed port site.
(2) Estimates of material, equipment, and personnel.
(3) Consideration of nonorganic equipment.
(4) Preparation of construction time schedules.
(5) Knowledge of unloading capacities.
CAPABILITIES OF CONSTRUCTION FORCES
The engineer unit responsible for major port construction or rehabilitation is the engineer
construction group. It includes an engineer port construction compan%/ or companies, pipeline
construction and support companies, engineer combat (heavy) battalions, dump truck
companies, engineer construction support companies, dredge teams, and other units the
mission m_aﬁ require. When several groups work together, they are organized as an engineer
brigade with various capabilities.
a. The headquarters and headquarters company in an engineer construction brigade

supervises a force of two to four engineer construction groups and supporting troops--5,800 to
15,000 soldiers.

: 41
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b. When organized for port construction, an engineer construction brigade can plan and
carry out any port construction or rehabilitation project in military operations.

¢. The engineer construction group is a flexible organization. It becomes operational only
when working units are assigned or attached to it. The headquarters and headquarters
company in an engineer construction group command supervises three to five engineer
combat {heav ) battalions or their equivalent in assigned or attached troops. Two or three
combat (heavy) battalions and at least one port construction company help organize the group
for typical wharf construction.  Pipeline construction support companies, dredge teams,
construction support companies, and dump truck companies are added as required.

d. The engineer combat Q}\(Iaavy) battalion is the basic unit assigned to a specific project or
to separate minor projects. When working on port construction projects, the battalion can
draw on several sources. It can have a port construction company, pipeline construction
support company, dump truck company, construction support company, and dredge team.

e. The engineer port construction company operates as one element of a large-scale,
coordinated construction operation under an engineer group. It can serve separately on
minor projects at separate locations. Its main activities are construction or major repair of
waterfront structures and POL off-loading facilities and anchorages. It is better to assign
related on-land sub-projects to a construction battalion or other specialized unit. The OIport
construction company should handle specialized waterfront construction. It is organized for
two-shift operation. "Its equipment includes crane-shovels with attachments for dredging,
excavating, pile driving, and other work; pipeline eqbuipment_; hydraulic jacks; alr
compressors; pumps; tractors; concrete mixers; barge assembly sets; diesel-powered outboard
propelling units; bridge erection boats; and landing crafts, mechanized (LCMs).

f. The pipeline construction SU||oport company provides technical skills and special
eqwﬁment to assist engineer units. It can work separately on minor projects. It is normally
attached to a construction group on the basis of one per construction battalion.

g. The engineer dump truck company augments the earthwork capabilities of other units.
It operates 48 dump trucks on a two-shift basis. The trucks are loaded by the supported
unit.

h. The engineer construction support company is assigned to an engineer group to
provide equipment and operators for large-scale earthmoving, quarrying, or surfacing work.

I.  Engineer dredge teams of TOE 5-500 (Series) are assigned to operate organic
i:utt?r-head pli)ellne or seagoing hopper dredges. Other types of dredges are best operated by
ocal personnel.

~j. Other units required for engineer service may include forestry, topographic,
mte!lllgence, maintenance, fire-fighting, and utility units.

FLOATING PLANT AND SPECIAL EQUIPMENT

_ IF(Ijoating plant items used in the construction, rehabilitation, and operation of a harbor
include--
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_a. Lighters, barges, and rafts. These include lighters and barges for general cargo, fuel
oil barges, fresh-water barges, and rafts to haul piles and do general work on offshore
structures.  They may be towed or self-propelled. ~ Their simple design and shallow draft
allow them to perform well in construction work. Binges and lighters are made self-propelled
by installing 165 horsepower outboard motors from the port construction company.

b. Tugs. These vessels tow lighters, barges, or rafts, and assist ships in berthing and
unberthing.

¢. Amphibian vehicles. These units handle cargo during beach operations. If available,
they supply an offshore construction job.

d. Floating cranes. These are available to transportation or engineer units.

e. Floating pile drivers. The engineer port construction company provides either the drop
hammer or diesel-powered hammer floating pile drivers. See{Figure 4-1, page 4-4.

f. Floating marine repair shop. This shop includes fully equipped machine, electrical,
engine repair, carpenter, blacksmith piPe, and welding equment. Mounted on a nonself-
Bropelled barge, it is used to repair fl_oa ing equg)ment In harbors and adjacent areas. It may

e used when opening and rehabilitating captured ports.

g. Landing craft. During the first phase of rehabilitation or new port construction, LCMs
deliver construction material, equipment, personnel, and supplies over beaches.

CLASS IV SUPPLIES

Class IV supplies include construction materials and installed equigment. After initial
occupation, supplies received from the  continental United States (CONUS) follow an
automatic rate prescribed by Department of the Army. At a later stage, the basis of supply
changes from automatic shipment to requisition. = Theater requisitions for engineer
construction materials must include project requirements for special large-scale operations.
Issues from stocks are based on these requirements. The G-4 approves issue of critical items
of Class IV supplies. Uncontrolled items are issued on call.

AVAILABILITY OF LOCAL MATERIALS

Providing engineer construction supplies to a modern Army from CONUS is a large,
complex, and costly operation.  Local procurement is better where possible. The project
officer maintains a continuous inventory. of stocks of construction materials and equipment
available locally. ~ Class IV supplies suitable for local procurement may include lumber,
cement, structural steel, sand, gravel, rock, plumbing and electrical supplies, hardware, and
paint.

AVAILABILITY OF LOCAL LABOR
~Local port authorities may provide technical assistance on electrical circuits, operation of
tidal locks, and cargo-handling equipment.  They may also give information on foundation

conditions.  Personnel in port reconstruction units should draw experience from civilian
construction firms. Prisoners of war may be a source of highly skilled workers.

4-3
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Figure 4-1. Floating Pile Driver

CONSTRUCTION PLANNING

a. Planning stage (TM 5-333). Military construction makes it advisable to divide the
planning phase into two stages:

(1) Preliminary. This consists of a quick overall review of the assigned task and the
capability of the constructing unit. It includes an estimate of critical items to be procured.
Preliminary planning guides the detailed planning which follows.

(2) Detailed. This results in an estimate of the materials, labor, and equipment

Ine_ed(leddto accomplish each sub-task in the project and a time schedule for the entire project.
t includes--

4-4

Construction Planning and Organization



Port Construction and Repair

FM 5-480

* Review of drawings and specifications.
* Detailed estimates.
* Schedules.

* Procurement.
* Construction plant layout.

b. Construction schedules. Construction schedules for projects may be represented by a
bar diagram or a network analysis. A major port construction or rehabilitation project uses
the critical path method (CPM) of network analysis. The CPM provides a method of handling
critical tasks which sets the duration of the project. It warns the manager where he can
expect trouble in meeting schedules.

c. Progress reports. The CPM helps to predict the day- 3/-day progress in terms of
percentage of completion. Daily reports indicate how the job stands.

d. Allocation of equipment and material. The CPM indicates tasks engineers must do in
early phases of construction to maintain the scheduled rate of progress. Priority goes to
securing material and equipment required for these tasks. Tools and equipment are
assembled in advance and prepared for use.

e. Delivery schedules for materials.

(1) General. Schedules for the del_iver_Y_ of material depend on site conditions,
construction methods, work priority, and availability of supplies. The CPM can establish the
materials required and the date they must be on the site.

(2) Bill of materials. Consolidated list of required materials.
PHASES OF RECONSTRUCTION

Port reconstruction is generally carried out in three phases:

a. Phase One.

(1) Subject to operation orders, the Navy carries out major clearing, salvage, and
dredging for channels and slips. In an area intended as a naval base, Navy units construct
other facilities. In areas intended for ground-force use, the Navy only opens waterways and
frees them from mines and similar hazards.

SZ) Operation orders for the assault of a port area state the engineer missions in the
port ared as well as arrangements for liaison between ground forces and naval units.

(3) During phase one, engineer construction units reconnoiter harbor facilities and
routes of communication. They note beach improvements and interim facilities available from
shore-party activities. They restore any accessible deep-draft or lighter wharfage not heavily
damarqed. They consider possible uses for vessels sunk alongside piers or wharves, and
consult naval units for advice and assistance in improvising wharf decks over their hulls.
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b. Phase Two.

(1) Initial construction: Engineers rehabilitate existing port structures. They use
expedient methods of lightening and port construction to handle cargo.

(2) Existing noncontainer cargo ports.
* Continuation of Phase One by shore parties.

_ * Construction of floating wharf structures with Navy pontoon gear or Army
floating bridge equipment, if available.

* Erection of self-elevating DeLong barge piers, if available.
* Expedient repair of existing structures.
* Lightering with TOE equipment.
(3) Existing container ports.
* Continuation of Phase One by shore parties.

* Construction of floating container wharf causeways with modified Navy pontoon
gear and self-elevating DeLong barges.

* Repair of existing container wharves by any expedient method possible.
* Lightering with TOE equipment.

(4) Future military container ports. Current recommendations are that all military
ports constructed in the future be suited for container handling. The recommended design
specifies the use of large self-elevating, spud-tyjla_e bar%e pier units. These can support live

eck-loads of 1,000 pounds per square foot. ~ These Darge pier units are equipped with

edestal-mounted off-loading cranes and self-propelled engines. ~ They can be raised or
owered 50 feet per hour. This capability allows undamaged units to perform the following
tasks during rehabilitation:

* Serve as lighters during repair of the damaged units.

* Form into smaller freed-pier units, depending on the size of ships to be
accommodated.

* Use pedestal-mounted off-loading cranes in clean-up operations.
c. Phase Three.

(1) Existing noncontainer ports.

o * Repairable wharf structures are now permanently rehabilitated. Structures are
limited to a live-deck load of 500 pounds per square foot.
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_ * New unloading facilities are constructed. Plans for standard structures limit
the live-deck load to 500 pounds per square foot.

* Work on highways, railways, canals, and storzége facilities outside the wharf
area of the port continues. 1t must keep pace with the development of berthing and
unloading facilities at the waterfront.

(2) Exist_ing container ports. Simjlar to the third phase of existing noncontainer f|oo ts
but special desigris or modified AFCS designs for port decks must support live loads of 1,000
pounds per square foot or more.

_(3) Future military container ports. Recommended designs for future militar
container ports are planned for expedient construction. The third-phase work for these ports
is limited to adjoining facilities.

CLEARING UNDERWATER MINES AND OBSTRUCTIONS
The detection and removal of underwater mines and obstacles are naval specialties.

a. Obstructions. Berths, slips, and charnels may be blocked by sunken ships, vehicles,
debris, and rubble.

b. Harbor clearance. Naval units perform large-scale underwater clearing and salvage.
Engineer units may assist or provide equipment and operators.

¢. Sweeping. After mine clearance, naval units sweep the water area to locate
underwater obstructions.

INSPECTION OF DAMAGE AND DETERIORATION
a. Conventionally constructed port structures.

(1) Rehabilitation. The decision to rehabilitate or abandon port structures depends on
the extent of damage, importance of the structure, and limits on its use.

(2) Wharf inspection. A wharf inspection includes--

__*Anunderwater inspection by divers to check for possible demolition damage or
deterioration of footings.

* An inspection of the piling at low water from a boat to check for decay, borer
attaé:l%, or other damage. The stringers'and deck are examined from below to determine the
need for repair.

b. Expediently constructed port structures of the future. All military ports constructed in
the future should handle the largest containers (67,200 pounds giross weight) within the U.S.
container invento he most promising design is the large self-elevating, spud-type barge

ie%I discussed in|Chapter 11l  This pier allows structural items to be inspected above water
or damage.

c. Harbor inspection. Breakwaters, jetties, or seawalls are inspected for damage. If
breached, such structures are repaired to avoid scour and further damage.

47
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REPLACEMENT AND MAINTENANCE

Repair corrects damage to facilities. For conventional and proposed construction, repair
maintenance consists of the following:

a. Emergenc?/ repair. Engineers repair storm, accident, or other damage to forestall
further loss and larger repairs. Included are--

1) Repairing breached breakwaters.
2) Repairing wharf damage to restore structural strength.

3) Dumping rock to control foundation scour or beach erosion.

1
2

3

(4) Replacing entire spud barge piers, spuds, or other major barge pier accessories.
REHABILITATION OF LOCKS AND BREAKWATERS

Replacing wharf decks.

(
(
(
b. Major repair. Major repair is replacement work of nonrecurrent nature, such as--
(
(2) Resurfacing access roads and earth-filled quays.

(

