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technology Guide to Coastal Engineering (CEM) is the U.S. Army Corps of Engineers (USACE) Comprehensive Coastal Engineering Guide. It includes the basic principles of coastal processes, methods for calculating coastal planning and design parameters, as well as recommendations on how to formulate coastal flood research, coastal
protection and navigation projects. Problem Over the past five decades, coastal engineering practices in the USACE and around the world have been based on the Coastal Protection Guide (1974, 1984) and its predecessor, the Technical Report #4 (1954, 1957, 1961, 1966), which are now out of print. These guides no longer reflect the
most advanced technologies and knowledge of coastal processes and engi-neering. The U.S. government erosion along the Morgan Peninsula, Alabama, coast ment, through the coastal illustrated coastal diversity around the United States (CHL), initiated the training of CEM in the mid-1990s, bringing both in-house technicians and
outside consultants who are all recognized experts in specific fields. The expected cost of the Official CEM is the USACE Engineering Guide. It is available on the Corps web page for implementation as a .pdf document that users can download and print on their computers. This version, like other engineering guides, is available for free to
the public. The same .pdf files are also available on the KHL website. The interactive version was developed by private company Veri-Tech, Inc. a commercial product based on CEM and includes interactive features, formulas and and and connections with other analytical tools. Benefits /CEM Savings provides a standard for the
formulation, design and expected performance of a wide range of coastal projects. This extended replacement document provides a much broader area of guidance and is designed to be updated as needed to reflect the current state of coastal science and technology. Status Parts I-1V and Appendix A were officially released as USACE
guidelines in 2002, and Part V was released in 2003. Part VI is expected to be completed in 2005. U.S. Army Engineer Research Center April 2004 www.erdc.usace.army.mil Print this page Design Coastal Elements Project by Jim Newton, P.E., DEE Course Outline This 30-hour course provides valuable information for those individuals
who design, manage and maintain coastal structures. Completion of this course will provide the student with the necessary information and testing to meet the requirements of continuing education in order to renew their licenses. It was developed by an instructor who developed and implemented numerous similar training courses. This
course requires completing a multi-choice quiz when it is completed to obtain the required certification. Learning Purpose At the end of this course, the student will be able to: Understand the different types of coastal structures; Understanding different layouts and cross-sectional types of structures; Understand the main types of concrete
armor blocks; Understanding the underlying failure modes for structure types; Understanding basic and geotechnical requirements; Understanding ice problems; Understanding environmental considerations in relation to design; Understanding building design considerations; Understanding other related design issues; Understanding
building materials requirements; Understand the use of land and sand; Understand the use of stone; Understand specific uses and problems; Understand the use of steel; Understand the use of wood; Understanding geotextile and plastic use; Understand the structure of hydraulic response; Understand loading and responding to the
rubble-mound; Understanding the vertical front loading and response structure; Understanding the foundation load structure; Understand to scour and scour protections; Understand the forces of the wave on thin cylindrical stilts; Understanding the failure mode and failure functions; Understand the probability analysis of one failure mode;
Understand the uncertainty of parameters when determining the reliability of designs; Understand a partial system of safety factors to introduce reliability in design; Understand the content of coastal projects; Understand, inspection of coastal structures; Understand the monitoring of coastal structures; Understand the repair of coastal
structures; and understand the restoration of coastal structures. Intended Audience Intended Audience for This Course a professional who is involved in design, operation and management of coastal facilities. The benefits for the participants of this course will understand the basic concepts of coastal engineering and how to implement
them. Introduction With the advent of numerical models, robust field instrumentation techniques and improved understanding of physical relationships that affect coastal processes that lead to more complex approaches in coastal defense design, the U.S. Army Corps of Engineers issued the Coastal Engineering Manual (CEM) in 2002
(EM-1110-2-1100). The guide of more than 2,650 pages was divided into six parts, each covering several chapters. Parts defined as Part | - Introduction Part Il - Coastal Hydrodynamics Part 11l - Coastal Sediment Processes Part IV - Coastal Geology Part V - Coastal Project Planning and Design Part VI - Design Coastal Elements Project
PDH has developed a series of courses that cover all Part Il through the VI Guide and offer 108 hours of professional development to complete the entire guide. This course will look at Part VI - Design Coastal Elements Project. This course will cover the types and functions of coastal structures, specific design conditions, materials and
building aspects, design fundamentals, and lead an example of the problem. Content Course In this course, you should study the U.S. Army Corps of Engineers Publishing Coastal Engineering Guide, Part VI, Chapters 1-8, EM 1110-2-1100. Part VI - Chapter 1 Part VI - Chapter 2 Part VI - Chapter 3 Part VI - Chapter 4 Part VI - Chapter 5
Part VI - Chapter 6 Part VI - Chapter 7 Part VI - Chapter 8 Please click on the aforementioned stressed hypertext to view, download or print a document for your study. Because of the large file size, we recommend that you first save the file to your computer by clicking on the mouse and selecting Save the Target as ..., and then open the
file in Adobe Acrobat Reader. Course Summary This course discusses the basics of designing the coastal elements of the project. Related links For more information related to this topic, please visit the following websites or web pages: U.S. Army Corps of Engineers quiz Once you finish studying the aforementioned course content, you
need to take a quiz to get PDH credits. DISCLAIMER: The materials contained in the online course are not intended as a submission or guarantee by the PDH Center or any other person/organization named in the present. Materials for general information only. They do not replace competent professional advice. The application of this
information to a particular project should be considered by a registered architect and/or professional engineer/surveyor. Anyone who uses the information presented in the present does so at their own risk and takes on resulting in the responsibility arising from this. CONDITIONS OF THE ARMY ARMY DIVISION Washington Army Corps
of Engineers, D.C. 20314-1000 CECW-EH Guide No. 1110-2-1100 EM 1110-2-1100 Change 1 July 31, 2003 Engineering and Design ENGINEERING 1. Goal. The purpose of the Coastal Engineering Manual (CEM) is to provide comprehensive technical coastal engineering documentation. It includes the basic principles of coastal
processes, methods for calculating coastal planning and design parameters, as well as recommendations on how to formulate coastal flood research, coastal protection and navigation projects. This change 1 to EM 1110-2-1100, April 30, 2003, includes the following changes and updates: Part 1-4. Includes new chapter titles. Part II-1. The
formulas have been corrected. Part 1I-2. Numerous changes in formulas, coefficients and numbers. Part 1l-4. New findings on the subject have been added. Part llI-1. The table and the figure have improved. Part llI-2. Links have been corrected. Appendix A. Additional terms have been added and some definitions have been changed. 2.
Applicability. This guide applies to all elements of HHUSACE and all USACE teams with civilian and military design responsibilities. 3. Discussion. CEM is divided into six parts in two main divisions: science, technology and engineering. The first four parts of CEM and the app were published on April 30, 2002. These include: Part I,
Introduction Part I, Coastal Hydrodynamics Part lll, Coastal Sediment Processes Part IV, Coastal Geology Appendix A, Glossary Engineering Unit focused on project type approach and divided into two parts. Part V, Coastal Planning and Project Design, is published separately with the same date as this change. The text and figures
provide information on the design process and the appropriate types of solutions to various coastal problems. Part VI, the Coastal Design Elements Project, which provides an engineering guide to materials, design fundamentals, and reliability, is in preparation. EM 1110-2-1100 Change 1 July 31 03 4. Distribution statement. Approved for
public release, distribution is unlimited. Five. Replace the following pages: FOR COMMANDER: MICHAEL J. WALSH Colonel, Corps of Engineers Chief of Staff DEPARTMENT OF THE ARMY U.S. Army Corps of Engineers Washington, D.C. 20314-1000 CECW-CE Guide No. 1110-2-1100 EM 1110-2-1100 (Change 2) April 1, 2008
Engineering-Design Purpose Company. The purpose of the Coastal Engineering Manual (CEM) is to provide comprehensive technical coastal engineering documentation. It includes the basic principles of coastal processes, methods of calculating coastal planning and design parameters, as well as recommendations on how to formulate
and conduct research in support of coastal flooding, protection and navigation projects. This change 2 em 1110-2-1100, April 1, 2008, includes the following changes and updates: Part 1-1. Links have been checked and some removed Guides that are no longer in the USACE inventory). Part 1-4. Minor changes have been made to the text
to better reflect the contents of the subsequent parts of the CME. Part 1l-1. Revised figure 11.1.9; Equations II-1-128, II-1-160 and 11-1-161 have been corrected. Part 1I-2. Equations 11-2-4, 11-2-5 and 11-2-32 were corrected along with other bugs reported by various users. Part II-5. Links have been verified and some have been removed
(Engineering manuals that are no longer in USACE inventory). Part II-6. The e used in Eq. 11-6-28, has been corrected. Part 1I-7. The content table has been corrected. At the end of the chapter was added a new section, 11-7-11, Note to Users, Floating Ships. Part 11l-3. Adjustments have been made to the format and spelling. Various
sections were added to the figures 111.3.24 and 111.3.26. Part IV-1. References have been amended. Part V-1. The citation of the engineering regulations has been corrected. Part V-2. Links have been changed, web pages with wind and wave data sources have been added. Some minor changes to the text have also been made. Part V-3.
Citations from unpublished reports or personal messages have been removed, and references to other figures or parts of the CME have been verified and corrected. Part V-4. Minor text changes, link fixes, and V.4.1 drawings. Part V-5. Links to other parts of CEM that were planned but were never written have been removed. 2.
Applicability. This guide applies to all elements of HUSACE and all USACE teams with civilian and military design responsibilities. 3. Discussion. CEM is divided into five parts in two main divisions: science, technology and engineering. The first four parts of CEM and Annex A comprise a scientific unit: Part I, Introduction Part Il, Coastal
Hydrodynamics Part lll, Coastal Sediment Processes Part |V, Coastal Geology Appendix A, Glossary Engineering Unit Focused on Project Type Approach, Part V, Coastal Project Planning and Design. The distribution statement. Approved for public release, distribution is unlimited. Note to users. The revised chapters are dated April 1,
2008. Readers need to download all new chapters and opt out of earlier versions at their disposal. FOR COMMANDER: STEPHEN L. HILL Colonel, Corps of Engineers Chief of Staff Chapter 1 AD EM 1110-2-1100 (Part I) August 1, 2008 (Change 2) Table Content I-1-1. Target and area I-1-2. Applicability I-1-3. Definitions a. Coastal b.
Coastal Engineering C. Coastal Science I-1-4. 1-1-5 bibliography. Links I-1-6. Confessions of I-1-1. The Purpose and Sphere Coastal Engineering Guide (CEM) gathers in one source the current contemporary in coastal engineering to provide appropriate guidance for methods and techniques to address most coastal engineering
engineering CEM provides the standard for the design, design and expected efficiency of a wide range of coastal projects. These projects are designed to provide or improve shipping in commercial harbours, port operations for commercial fish processing and maintenance facilities, and recreational boat facilities. In addition to improving
navigation, coastal protection projects are often required to mitigate the impact of navigation projects. Projects to combat beach erosion and hurricanes or coastal storms reduce wave damage and protect against flooding for valuable coastal commercial, urban and tourist communities. Environmental restoration projects provide a sound
plan and a proven approach to the restoration of coastal and tidal areas where such actions may be justified, or necessary as mitigation of the coastal project, or as mitigation of some previous coastal activities, incidents or neglect. As a very advanced replacement document for the Coastal Protection Manual (1984) and several other U.S.
Army Corps of Engineers (USACE) manuals, CEM provides a much broader area of guidance and is designed for frequent updates. I-1-2. The Applicability of This Guide is applicable to the U.S. Army Corps of Engineers (USACE) Teams with civil liability works. It is anticipated that the comprehensive coverage and instructions of this
guide will justify its use by a wide range of coastal engineers and scientists outside USACE. Although this was widely used throughout the development of CME, some sections are specific to the mission, authority and operation of USACE. I-1-3. Definitions are listed in the manual when the terms are first introduced. In addition, the annex
provides a glossary of terms, and table 1V.1.1 lists definitions of the general geological features of coastal areas. However, a few key definitions will help the newcomer better understand and understand the purpose and scope of CEM. Part IV, Chapter 2 identifies the types of coastal structures. a. Coastal. Referring to the area where the
earth meets the sea, an area of uncertain width that extends inland from the sea to the first major change in topography. In this guide, coastal areas will refer to shores that are influenced by wave processes (oscillator flow dynamics). Bays, lakes and estuary are included, but rivers, mostly influenced by usually unidirectional currents, tend
to go beyond this guide. Estuaries, including some of the rivers that are prone to tides, are covered by this guide. Coastal Engineering. One of several specialized engineering disciplines that fall under the umbrella of civil engineering. It's a composite of physical sciences and engineering disciplines that have applications in the coastal
zone. This requires a rational rational knowledge from a number of technical disciplines to develop solutions to problems related to natural and human-induced changes in the coastal zone, structural and non-structural mitigation of these changes, and the positive and negative consequences of possible solutions to problem areas on the
coast. Coastal engineers can use contributions in geology, meteorology, environmental sciences, hydrology, physics, mathematics, statistics, oceanography, marine science, hydraulics, structural dynamics, marine architecture and others in developing understanding of the problem and possible solution. The coastal engineer must take
into account the processes present in the field of interest, such as: Environmental processes (chemical, environmental). Hydrodynamics processes (winds, waves, fluctuations in water level and current). Seasonal weather trends (hurricane season, winter storms). Sediment processes (sources, transport routes, sinks and characteristics).
Geological processes (soil and layer characteristics, stable and migratory sub-air and subaqueal features, recovering or calming surfaces). Long-term environmental trends (sea level rise, climate change). Social and political conditions (land use, development trends, regulations, social trends, public security, economy). Harbour work,
improved navigational channels, coastal protection, flood damage reduction, and conservation and restoration of the environment are the main areas of activity. c. Coastal science. This field is a set of interdisciplinary technologies used to understand the processes, environment and characteristics of the coastal zone. Coastal engineers
use these insights to develop physical adaptation to solve problems and improve human interaction with the coast. I-1-4. The bibliography of Technical and Scientific Literature is cited in each chapter listed in the chapter references. I-1-5. Links Following Official USACE Engineering Rules (ER), Engineer Manual (EM), Engineer Brochures
(EP), and Technical Manuals (TM) found in the bibliography after each chapter. They are highlighted here for the simple use of USACE. TM 5-850-1 Designing and Designing Military Ports ER 1105-2-100 Planning Guide Laptop EP 1165-2-1 Digest Water Policy and Em 1110-1 Geophysical Research for Engineering and Environmental
Research EM 1110-1-1804 Geotechnical Research EM 1110-2-1204 Environmental Engineering for Coast Guard EM 1110-2-1415 Hydrological Frequency Analysis EM 1110-2-1613 Hydraulic Design of Deep-Sea Navigation Projects EM 1110-2-1615 Hydraulic Design of Small Harbors Em Boat 1110-2-1906 Laboratory Soil Testing EM
1110-2-2301 Test Careers and Test Fills EM 1110-2-2302 Construction with Stone EM 1110-2-5025 Dredging work EM 1110-8-1 (FR) Winter navigation on inland waterways I-1-6. Confessions of the Authors of Chapter I-1: Joan Pope, U.S. Army Engineer Research Center, Vicksburg, Mississippi. John H. Lockhart Jr., Headquarters, U.S.
Army Corps of Engineers, Washington, D.C., (retired). Reviewer: Andrew Morang, Ph.D., CHAPTER KHL 2 COASTAL DIVERSITY EM 1110-2-1100 (Part I) April 30, 2002 (Change 2) Content Table I-2-1. Introduction I-2-2. Coastal areas a. Atlantic north: Glaciated coast b. Atlantic Central and Southern: Barrier and sunk shores of the
valley c. Atlantic Ocean and Gulf of Mexico: Coral and mangrove coasts d. Gulf of Mexico East: wetlands mangroves, and coast barrier e. Gulf West: Barrier Coast f. Pacific: Sea cliffs and terraced coasts g. Bering and Chukchi Sea: Arctic coastal : Delta Coast i. Pacific: Volcanic Islands j. Great Lakes of North America I-2-3. 1-2-4 stability.



Erosion of I-2-5. Solutions 1-2-6. Links I-2-7. List of proofs of drawings: I.2.1. Features of the Atlantic Coast Figure 1.2.2. Atlantic Tide and Wave Characteristics Figure 1.2.3. Barrier Island and Bay Complex, Southern Rhode Island Figure 1.2.4. New York Harbor, 1940s drawing 1.2.5. Length of barrier islands and spitting in the U.S. Figure
I.2.6. Cape Hatteras, North Carolina Figure 1.2.7. Hallandale Beach Figure 1.2.8. Coastal characteristics of the Gulf of Mexico Figure 1.2.9. The tide and wave characteristics of the Gulf of Mexico Figure 1.2.10. East Pass Island, Florida Figure 1.2.11. Morgan Peninsula, Alabama Figure 1.2.12. Dulak, Louisiana Figure 1.2.13. Features of the
Pacific Coast Figure 1.2.14. Pacific Coast Tide and Wave Characteristics Figure 1.2.15. Pocket Beach north of Laguna Beach, Southern California Figure 1.2.16. The mouth of the Syuslaw River, southern Oregon near the city of Florence .. Figure 1.2.17. Seattle, located in the protected Puget Sound Figure 1.2.18. Alaska Coastal Features
Figure 1.2.19. Hawaii Wave Characteristics Figure 1.2.20. Features of the Great Lakes coastline Figure 1.2.21. Minnesota Point, photographed from Duluthi, Minnesota, looking south.. Figure 1.2.22. Calumet Harbor, Indiana Figure 1.2.23. Duluth Canal, Minnesota Figure 1.2.24. Bluffs is about 1 km north of St. Joseph Harbor, East Lake
Michigan List tables table 1.2.1. Age and sandy shores of major Hawaiian Islands I-2-1. Introducing coasts, or shores, of the world are fields separating 29 percent of the land, which is land from 71 percent of that water. By recycling and often eroding the edges of the earth, aid flows to seas, groundwater, glaciers and winds in carrying
Sediments derived from the land are often transient along the coast, temporarily forming beaches, bars or islands before coming to rest on the seabed. Bottom. a significant natural variety of coast types throughout the United States and even greater diversity around the world (see Part IV for more details). Therefore, design, development
and policy strategies must be tailored for each unique region and must be flexible to changes in local condition. Coastal engineers, managers and planners need to be aware of coastal diversity for a number of reasons: the coast is dynamic and constantly evolving in a new state. The balance and interaction of processes are different in
different areas - understanding diversity provides the key to critical factors that can affect a particular research site. Different settings imply different models of erosion and accretion deposits. Analytical tools and procedures may be suitable for a specific setting, but are not suitable for another. Similarly, engineering solutions may only be
suitable for certain parameters where they will function properly. Coastlines are subject to a range of processes, geology, morphology and land use abroad. Although winds, waves, water levels, tides and currents affect all coasts, they vary in intensity and relative importance from one place to another. Variations in precipitation supplies
and geological conditions add to this coastal diversity. Francis provided a detailed discussion and analysis of the processes taking place along the coast of the United States. Shepard and Harold R. Vanless in their book Our Changing Coastline (1971). I-2-2. Coastal areas Popular image of a long, straight, sandy beach with sandy shore
and shore, vegetable sand dunes and gently sloping near the coastal zone with rhythmic switches can be an ideal depiction of the zone where the land meets the sea, but is not the norm along most coasts. Not all coastal areas are sandy, and not all shores are dominated by wave action. Some coastal areas have picturesque clay bluffs or
rocky headlands. Other small mud flats or lush wetlands. For some coasts, tidal currents or river discharges dominate sediment transportation and coastal nature. For other shores, the effects of glaciers, marine life (corals), or volcanoes can control geomorphology. Coastal materials include transportable mud, silt, sands, shells, gravel and
cobblestones, as well as on-site rock formations or rocks (erosive and non-erosive). In some parts of the United States, the coastal zone is sinking and gradually becoming permanently flooded; in other areas new lands accretion or even rising from the sea. a. Atlantic North: Ice Coast (1.2.1, 1.2.2). These coasts are usually deep
indentation and bordered by numerous rocky islands. usually have straight sides and deep water as a result of glacier erosion. Raised terraces can be spread along these shores that were previously suspended down by ice. Dramatic changes in coastal coastal where glacial deposits and especially glacial flushing play a dominant role,
while in some rocky areas only a few forms of glacial erosion can be found. Morens, drums and sand dunes, as a result of the recycling of sediment for washing, are common features. Ice coasts in North America stretch from the New York area north of the Canadian Arctic (1.2.3, 1.2.4, 1V.2.8 and 1V.2.9), on the west coast, from Seattle,
Washington, north to the Aleutian Islands and in the Great Lakes. (Figure 1V.2.20) (Shepard 1982). Figure 1.2.1. Characteristics of the Atlantic coast b. Atlantic central and southern: Barrier and sunk valley shores. To the south of the glacial areas begins the coastal Atlantic Plain, featuring almost continuous barriers, interrupted by bays
and large embayments with dendritic drowned river valleys, the largest of which are Delaware and the Chesapeake Bay. The North American coastline reportedly includes more than 10,000 km of barriers, about 33 percent of the world's barrier coast (Berryhill, Dixon, and Holmes 1969). Only the United States has a total length of 4,900 km
of barriers and spitting, which is the longest for one country (Figure 1.2.5 and Table 1V.2.3). Extensive wetlands and marshes mark much of the coast, where sedimentary and marsh vegetation partially filled the lagoons behind the barriers. Some coasts have the inner ridges of old barrier islands formed in interglacial eras, separated from
modern barrier islands by low marshes or lagoons. The best exhibition of cuspate forelands in the world stretches from the mouth of the Chesapeake Bay to Cape Romain, North Carolina (Figure 1.2.6). The coast is much straighter south of Cape Romain and the only cuspate foreland is that of Cape Canaveral, Florida. Barrier islands and
sunk valleys continue south to Miami, Florida (Figure 1.2.7), except for a short length of coastline in Myrtle Beach, North Carolina, where barriers are attached to the coastal plain. Much of The southeast coast of Florida was widely filled, dredging and modified in the early 20th century to support development (Len'ek and Bosher 1998).
From Miami around the tip of Florida through Alabama, Mississippi and eastern Louisiana, coastal characteristics alternate between the marshy coast and white sand barriers (Shepard 1982). Figure 1.2.2. Tidal and wave characteristics of the Atlantic coast. Wave data compiled from Natio, Al Data Buoy Center buyos. HmO and Tp
averaged hourly statistics for the overall recording period from statistics calculated by the National Data Buoy Center. The range of tides for these stations is from the statistics presented in noAA Tide Table Figure 1.2.3. Barrier Island and Bay Complex, Southern Rhode Island. View west towards Point Kwonohontaug, a rocky soap with
outcrops. Barrier in the foreground of East Beach, with Block Island Sound on the left and Ninigreth Pond Pond Right. Famous fans for washing can be seen in the shallow waters of the pond (April 1977) c. Atlantic Ocean and Gulf of Mexico: Coral and mangrove coasts. Barrier islands vary from quartz sand south of Miami to carbonate
sand, eventually turning into coral keys and mangrove forests. The Florida Keys are remnants of coral reefs developed at higher sea levels during the last interglacial period. Currently, living reefs grow along the eastern and southern sides of the Keys and the shallow waters of Florida Bay, dotted with mangrove islands stretching north
and west into the Everglades and an area of ten thousand islands, which includes the lower gulf coast of Florida (Shepard 1982). Figure 1.2.4. New York Harbor, late 1930s. This system of drowned river valleys, partially sculpted glaciers, is one of the best natural harbors in the world. USACE plays an active role in dredging, garbage
cleanup and maintaining the shipping of this large port. View north, with Manhattan in the center and Brooklyn to the rig. ®oTorpadgusa u3s apxmesa Beach Erosion Board PucyHok 1.2.5. The length (km) of barrier islands and spitting in the United States. Data measured from topographical maps of the U.S. Geological Survey (see table 1V.2.3)
d. Gulf of Mexico East: mangrove wetlands and barrier coasts (1.2.8, 1.2.9). On the Gulf Coast in Florida, barrier islands begin at Cape Romano and extend north to Cedar Keys. Closed bays usually have an abundance of mangrove islands and topography is low with many lakes and marshes. North of Cedar Keys, the barrier islands are
running out. They are replaced by a huge swamp dotted with small vegetative islands. The mountainous layers in this area are limestone, along with low river gradients and numerous ponds or funnels, due to the lack of sand in the region. Because of its location and the large shallow area on the shelf, little wave energy is present, except
for rare hurricanes. About 130 km northwest, the swamp ends. Here, the coastal trend changes direction from north to east-west, and Ohlokone Bay, drained from the southern Appalachian Mountains, provides quartz sand for the reconstruction of the barrier islands. These sandy islands, with their various openings for access to low-lying
port towns, continue west to the Mississippi River Delta (pictures 1.2.10 and 1.2.11). Studies of the Mississippi Delta show that the river built a series of deltas in the Gulf of Mexico in post-glacial times and that the Balise Delta (bird leg) is the latter, with an age of about 1,500 years. The Bird Foot Delta is located southeast of New Orleans,
lying among a series of old passageways that stretch for 300 km (186 miles) along the coast. Most of the big delta - these are swamps and mud flats, with numerous small lakes and intertwined canals (drawings (drawings iv.3.9). The main rivers built natural dams along their course. These natural dams are about a metre above normal
water levels, but many have been artificially raised to protect towns and cities from flooding. Water plants cover the marshes, which is notable for the huge population of waterfowl, which it supports. In areas of old delta share, subsidence has left only natural dams above the water in some cases. E. Gulf of Mexico West: Barrier Coast.
From western Louisiana, west of the marsh coast of the Mississippi Delta, to the southwest, barrier islands are becoming dominant coastal features. Some of the longest barrier islands in the world are located along the Texas coast. Padre Island and Mustang Island combined extend for 208 km and have extensive dune fields behind wide
beaches. The dunes rarely rise more than 10m in height, and many marshy muds have spread to large lagoons behind the barriers. Lagoons and estuants are shrinking in depth towards Mexico. Much of the Madre Lagoon is flooded only during floods or when the wind blows water from Corpus Christi Bay to apartments. River deltas are
the cause of much of this filling, leading to large differences between the recent depths of the diagram and the depths of 100 years ago (Shepard 1982). Figure 1.2.6. Cape Hatteras, North Carolina, view north. The Atlantic Ocean is on the right, and the bay to the left of the barrier is Pamlyco Sound. Rough water in the foreground of the
infamous Diamond Shoals, known as the Cemetery of the Atlantic. The impact in the coastline is the location of the Cape Hatteras lighthouse, which has recently been moved inland from the retreating shore. Mature sea forest grew on beach ridges in the central part of the barrier. The forest indicates that this part of the island has been
stable for several hundred years. The photo was taken on February 28, 1993, during the waning stage of the extratropical storm f Pacific: Sea cliffs and terraced shores (pictures 1.2.13, 1.2.14). Low sea cliffs bordering terraces and several coastal plains and deltas make up the coasts of southern California. The blocks form projections in
the sea and have a number of raised terraces, such as in Point Loma, Soledad Mountain and San Pedro Hills in the Los Angeles area. North of Los Angeles, the Santa Monica Mountains follow the coast. Sea cliffs in the area are being actively eroded, especially in areas where they have been cut into alluvies (Figure 1.2.15). In Point
Conception, coast trends north-northwest and other geomorphology are obvious. Despite the presence of a number of regional mountain ranges that cut through the coast, the rugged central and northern coast of California is one of the most direct in the world. This area has high cliffs with raised sea terraces. A little river valleys interrupt
the mountain coast. Here the river sediments were returned by waves to the beaches and moved inland by western winds to form several unusually large dune fields. Monterey and San Francisco Bays, the two largest embayments, are located in the mouths of the Salinas and San Joaquin Sacramento rivers, respectively; the latter
depletes California’'s great central valley. North of Cape Mendocino, the coast trend almost directly north, through Oregon and Washington, into the Strait of Juan de Fuca. Along this coast low-lying valleys in the mouths of large rivers alternate with short, relatively low mountain areas. Barriers or spits formed in the mouths of rivers, as well
as large dune fields (Figure 1.2.16). Many rivers, including the great Columbia, are torn into the estuants. This indicates that the rivers have not yet been able to fill the sunken valleys created by sea level rise when the great continental pleistocene glaciers melted (Shepard 1982). Figure 1.2.7. Hallandale Beach is an example of a popular
beach getaway in an urban area on the Atlantic coast of southeast Florida. The photo was taken on June 27, 1991, after the beach was renourished using sand hydraulic pumped out from a sea spring. The bets on the beach were used as markers of the survey because of the harsh wave climate of the North Pacific, all major cities in
Oregon and Washington were based in protected reservoirs. For example, Vancouver, Washington and Portland, Oregon, are located on the Columbia River. Puget Sound, a deep, protected, fjord-like body of water in western Washington state, provides safe access for ships in Tacoma, Bellingham, Everett and Seattle (Figure 1.2.17).
Bering and Chukchi Seas: Arctic coastal plains and barriers (Figure 1.2.18). The volcanic Aleutian Mountains extend southwest of Anchorage, Alaska, forming the Alaska Peninsula and the Aleutian Islands, stretching for approximately 2,200 km (1,370 miles), forming the boundary between the Pacific Ocean and the Bering Sea (Figure
[.2.14). In addition to the Alaska Peninsula and bordering the Bering Sea, the vast coastal plains are found with numerous lakes and winding streams. Only a few mountain ranges extend as points in the sea. The Yukon River has formed a large delta with many old lobes that form a vast plain connecting small, elevated areas. The oldest
of them is located in the now drowning mouth of the Cuzhokvim River. One of the reasons this coast differs from the glaciation of the southern coast of Alaska is that it was largely ice-free during the Pleistocene era. Permafrost is becoming increasingly important in the north, where it significantly increases the number of surface
depressions in the summer when it melts the formation of thaw lakes. Climb over coastal with mountains over 1000 m, seward Peninsula with Norton Sound and Bering Sea to the south and Kotzebbue Sound and Chukchi Sea Sea the north provides a great contrast with the adjacent coasts. North of the Kotzebue Sound, the barriers and
cuspate forelands are similar to those of the North Carolina border coast. The first cuspate foreland is the unusual Point of Hope. Three more cuspate forelands stretch along the coast ending with Point Barrow, the northernmost point of Alaska (Shepard 1982). Figure 1.2.8. Coastal characteristics of the Gulf of Mexico h. Beaufort Sea:
Delta Coast. To the east of Point Barrow on the coast is dominated by river deltas. The rivers that depleted the Brooks Range and Father in the east of Mackenzie, depleting the northern Canadian Rockies, built these deltas, despite the fact that the rivers flow only for a short period each year. Where deltas are not actively built at sea, you
can find extensive barrier islands (Shepard 1982). One of the dominant processes in the formation of beaches in Alaska is riding on the shore ice (Kovacs 1983). Figure 1.2.9. Tidal and wave characteristics of the Gulf Coast Figure 1.2.10. East Pass Inlet, Florida, view west toward Santa Rosa Island, with the Gulf of Mexico on the left and
Choctawhatchee Bay on the right. The barrier island is just beyond the island and remains undeveloped. The beach is in the foreground of Holiday Isle, which has been heavily commercialized. This area of Florida is worn out with its shiny white quartz sand and excellent fishing. The entrance is a federal navigation project with converging
mound moorings. Photo taken in March 1991 i. Pacific: Volcanic Islands (Figure 1.2.19). The Hawaiian archipelago stretches from the large island of Hawaii through the central Pacific Ocean to the northwest to the tiny Kure Atoll, 2,450 km. Eight major islands of the state of Hawaii, in the southeastern part of the archipelago make up 99
percent of land. About 20 percent of the 1,650 km of coastline on the main islands is a sandy beach (USACE 1971). In addition to artificial structures, the rest of the coast consists mainly of exposeds or lava boulders, but also includes muddy shores, gravel beaches, beach cliffs, raised reefs and lithium-sand dunes. The ascents of rocky
shores range from 1-2 m high raised reefs to 600 m of sea cliffs along the coast of Napali Kauai. Hawaii is the top of volcanic mountains rising above the ocean floor about five kilometers below the surface of the water. These volcanoes formed above the localized magma generation hot spot. When the old volcanoes formed large shields
and died, the movement of the ocean floor and crust moved them to the northwest. A higher percentage of sandy shores is located on the old islands, see Table 1.2.1. Beaches in Hawaii are smaller than on continental shores, due to the young age of the islands, the lack of large rivers to supply sediment, and the shape and impact of
island beaches on wave systems that The sand on the beaches is also distinguished by the fact that it is primarily caloric and biological origin. The fine sand originates as shells and tests of animals or algae that live on edged reefs or shallow waters adjacent to the islands. Two exceptions are some beaches near the mouths of the creek
dettritus basalt sand, and several beaches on the island of Hawaii are black volcanic glass sand generated by the steam explosions that occur when hot lava flows into the ocean (Moberly and Chamberlain 1964). The coastal geology of each island is the result of erosion of the island shield and subsequent volcanic activity (Campbell and
Moberly 1985). Figure 1.2.11. The Morgan Peninsula, Alabama, is about 10 km east of the mouth of Mobile Bay (April 21, 1998). It's the back of the barrier island, with Mobile Bay on the right side of the photo. The dead trees clearly show that the shore has receded over the past few years. In this part of the Alabama coast erosion on the
back of the barrier poses a more serious threat than the Ocean Shore Tables 1.2.1 Age and Sandy Shores major Hawaiian Islands Figure 1.2.12. Dulak, Louisiana (March 1981). Located near the Gulf of Mexico entrance to the Houma Navigation Channel, many residents of Dulak and other cities in the acadian parishes of southern
Louisiana depend on water for their livelihoods - shrimp, fishing, and marine oil industry maintenance. Although about 25 km from the Bay, Dulak, at an altitude of 1-2 m above sea level, is highly vulnerable to hurricanes and floods j. Great Lakes of North America. The five Great Lakes, Ontario, Erie, Huron, Michigan and Upper, are
located along the Canadian-U.S. border, except that Lake Michigan is completely within the United States (Figure 1.2.20). Their total area is 245,300 km2 (94,700 miles2), making them the largest freshwater body in the world. Together with the St. Lawrence Sea Route, they form a large shipping artery that is an in shipping inland 3,770 km
from the Atlantic by ocean ships, except around December to April, when shipping is blocked by ice (figures 1.2.21,1.22 and 1.2.23). The lakes range in height from about 183 m for Lake Superior (International Great Lakes Datum 1985) to about 75 m for Lake Ontario, with the largest drop in height, 51 m between Lake Erie and Ontario in
Niagara Falls (CCEE 1994). Geologically, the Great Lakes are relatively young, being formed by glacial action during the Pleistocene period. Before the Ice Age, the area occupied by Lake Superior was a wide valley, and the area occupied by other lakes was a distributed plain. During the Ice Age, glaciers deepened the layers of Lake
Superior and broke out deep depressions forming the beds of other lakes. As the ice sheet receded, the fingers of ice remained in glacial moraines and unwashed plains. The lakes formed when the ice melted. Successive achievements and retreats of ice caps changed the drainage of the lake region about 10,000 years ago. Then, the
northern part of the area is pre-deformed or bounced causing the lake to flow into St. Lawrence through what is now the Niagara River. The shores of the Great Lakes and other freshwater lakes in the United States and around the world are as diverse as the ocean shores, with high and low erosive and non-erous cliffs and bluff, low
plains, sandy beaches, dunes, barriers and wetlands (Figure 1.2.24). Figure 1.2.13. Pacific coastal characteristics I-2-3. Stability Not all coasts are in balance with the current coastal processes. Shores with a character inherited from previous non-littoral processes (i.e. glacial or river deposited materials) may be doomed to significant rates
of erosion in current conditions, such as the Mississippi Delta of Louisiana and parts of the Great Lakes. Short-term seasonal or episodic cyclical patterns of erosion and accretion (e.g. the southern Atlantic coast of the United States) are manifested on some shores. Other shores demonstrate long-term stability due to a balanced supply of
precipitation and little relative impact on sea level rise, such as the west coast of Florida. For some shores there is very little beach material, and little is available, can be subject to rapid transport, whether along the coast or offshore (e.g. Great Lakes). Shores that have been severely altered as a result of human activities tend to require a
constant commitment to maintaining the status quo. The main examples are New Jersey, which was widely modified during the 20th century and is how experiencing several major beach fills, and numerous urban areas across the country (Los Angeles, New York, Galveston, Chicago, Miami, Palm Beach). Figure 1.2.14. Pacific coast tide
and wave characteristics. The southernmost buoy shows a period of high waves due to the influence of swollen waves and shelter from the waves of wind provided by the offshore islands Figure 1.2.15. Pocket Beach north of Laguna Beach, Southern California (April 1993). Poorly consolidated sandstone and conglomerate bluffs in this
area are highly vulnerable to erosion, jeopardizing exclusive residential properties. Erosion is caused by storm waves and groundwater runoff I-2-4. Erosion In order to one shore accretion, often some other shores must collapse. Erosion is a natural response to water and wind processes on the shore, but erosion is a problem only when
human development is threatened. Sometimes, man-made changes to the littoral system, including changes to sediment sources or shells, can contribute to State. The National Coastline Survey (DOA 1971) found that 24 percent of the entire United States coastline of 135,000 km (84,000 miles) passes erosion, where human
development is at risk. If Alaska, with its 24,800 km (15,400 miles) coast is removed from the statistics, 42 percent of the united States coast is experiencing significant erosion! I-2-5. There are no absolute rules or absolute solutions to coastal erosion, given the dynamic and diverse nature of the coastline. No set of rules or a single land
use philosophy is appropriate for all coastal situations or conditions. The diversity of the coastline requires different solutions to address problems in a particular area. Solutions can be categorized into five broad functional engineering or management classes listed in Table 1.2.2. These options are discussed in detail in Part V CEM. Figure
1.2.16. The mouth of the Syuslaw River, southern Oregon, near the city of Florence (December 1994; south view). This and other federal navigation projects on the Oregon and Washington coasts are difficult and expensive to maintain because of high-wave energy and a short construction season. The scale of these Pacific projects is
difficult to estimate by aerial photography: the quays of the Sulslav rubble-mound, first built in 1917, are 180 meters apart, and the northern pier - at 2,300 m. The coast in this area consists of long barrier braids, interrupted by rocky capes Table 1.2.2 Alternatives for mitigation of coastal danger 1.2.17. Seattle, located in the sheltered Puget
Sound, is one of the great natural anchors in the world. In the 1800s, Seattle was a wooden city and landing point for Alaska and the East. In the 1980s and 1990s, the port prospered through container shipping and exports of grain and other agricultural products. Areas of the harbour are in need of regular dredging. (Photo July 1995)
Sometimes solutions require solid static structures built of stone, steel or concrete, and sometimes solutions include soft dynamic approaches such as adding cast material or changing vegetation. Chapter V-3, Coastal Protection Projects provides a more detailed discussion of the options and limitations available to coastal engineer.
Figure 1.2.18. Alaska Coastal Features Figure 1.2.19. Hawaii Wave Characteristics Figure 1.2.20. Features of the Great Lakes coastline Figure 1.2.21. Minnesota Point, a photo from Duluth, Minnesota, looking south (November 1994). This sand spit is considered to be the largest freshwater barrier in the world. It stretches from the
Wisconsin coast near the Upper to the Coast of Minnesota in Duluth. St. Louis Bay, right, needs regular dredging because of the silt and sand supplied by the St. Louis River. Northern Minnesota Point is developed with residential real estate. Nearby Duluth and Upper are major industrial centres, ships Figure 1.2.22. Calumet Harbor,
Indiana (September 1985). This is an example of industrial infrastructure in many Great Lakes cities that flourished from the 1800s to the 1970s. Many of these steel mills are currently closed, but some of the facilities are being rebuilt for other purposes. Calumet is a federal navigation project. The concrete lid on the vodka in the
foreground has shifted, indicating some damage to the underlying wooden crib (originally built in the 1890s) Figure 1.2.23. Duluth Canal, Minnesota (November 1994). Thanks to the St. Lawrence Sea Route and a network of castles, rivers and canals, deep-sea cargo companies can ship bulk cargoes and cargo throughout the Great Lakes.
This vessel takes iron ore from the nearby Mesabe iron range to some distant port. The Duluth Canal, excavated privately in 1871, is now a federal project supported by USACE. Figure 1.2.24. Bluffs is about 1 km north of St. Joseph Harbor, Eastern Lake Michigan (November 1993). In this area, sand and clay bluff recedes on average
from 0.3 to 0.4 m per year. They are highly vulnerable to groundwater seepage and during periods of high lake level can wave attacks. Freshly cut clay blocks can be seen on the bluff side on the right side of the I-2-6 image. References to Berryhill, Dickinson, and Holmes 1969, Barryhill, H.L., Dickinson, C.A., and Holmes, C. W. 1969.
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Engineering Research and Coastal Engineering Research Council (1) Early Years (2) Fort Belvoir (3) Field Research Center (4) Coastal Protection Guide (5) Experimental Waterway Station (6) Coastal and Hydraulic Laboratory 1-3-8. Coastal Engineering in Army A. Amphibian Operations b. Suitable Harbor c. Military Coastal Engineering
Research D. Port Operations, Republic of Korea e. Port Operations, Republic of Vietnam (1) Wung Ro (2) Da Rang River F. Temporary Wharfs G. Fast-mounted breakwater system. 1-3-9. Summary 1-3-10. Links 1-3-11. List of proofs: 1.3.1. 1997 fiscal year Dredging by the U.S. Army Corps of Engineers on Coastal Projects Figure 1.3.2.
Federally maintained deep-sea and small boat harbors with structures Figure 1.3.3. Federal Coastal Protection Projects and Beach Erosion Figure 1.3.4. Converged berth system developed by James B. Eades Figure 1.3.5-5. Designed by a wooden crib from the sea waters of the Great Lakes Figure 1.3.6. Construction of Fire Island Wharf,
1940 Figure 1.3.7. Construction of The Wharf, Rockaway Inlet, New York, 1932 Figure 1.3.8. Hurricane Damage, Atlantic City, New Jersey, 1944 Figure 1.3.9. Construction of Manasquan Inlet Piers Figure 1.3.10. Coini Island in 1941, on the eve of World War Il, Figure 1.3.11. Jones Island State Park on July 4 holiday Figure 1.3.12. Planting
grass, beach restoration, drawing of 1930s 1.3.13. Transition from stationary facilities to the restoration and nutrition of beaches Figure 1.3.14. An aerial view of Mulberry B Harbour in Arromanche, France, 1944 Figure 1.3.15. Operation MIKI, Waianae, Oahu, HI, October 1949 I-3-1. Ancient World History of Coastal Engineering Returns to
the Ancient World Bordering the Mediterranean Sea The Red Sea and the coastal engineering of the Persian Gulf, as it relates to the harbors, begins with the development of shipping, perhaps up to 3500 BC Shipping was fundamental to the culture and growth of civilization, and the expansion of shipping and communication, in turn, led
to the practice of coastal engineering. The presence of a large slave labor force in this era meant that docks, stormwater and other port works were built by hand and often on a large scale, similar to their monumental contemporaries, pyramids, temples and palaces. Some of the harbour's works are still visible today, while others have
recently been explored by archaeologists. Most of the great ancient port works disappeared after the fall of the Roman Empire. Earthquakes buried some of the works, others were submerged in subsidence, landlocked silt, or lost due to lack of maintenance. Recently, archaeologists, using modern methods of surveying, excavating, and
old documents, have identified some of the complex engineering in these old harbors. Technically interesting features have emerged and are now re-emerging in modern port designs. Common to most ancient ports was a well-planned and effectively located sea wall or seawater for protection and a promenade or mole for loading ships,
features often incorporated into modern ports (Kwinn 1972). Most of the ancient coastal efforts were directed to port facilities, except for a few places where life depended on the protection of the coastline. Venice and its lagoon is one such case. Here maritime defense (hydraulic and military) was necessary for the survival of narrow
coastal strips, and the impressive coast guard, built by the Venetians, is still admired. Very few written reports on the ancient design and construction of coastal structures have been preserved. The classic treatise of Vitruvia (27 BC) concerning the Roman engineering experience has been preserved (Pollio, Rowland, and Howe 1999).
The Greek and Latin literature of Herodotus, Joseph, Suetonia, Pliny, Appian, Polybus, Strabo and others contains limited descriptions of ancient coastal works. They show the ability of the ancients to understand and process various complex physical phenomena with limited empirical data and simple computational tools. They
understood phenomena such as Mediterranean currents and wind patterns and the causality of wind waves. The Romans are credited with the first introduction of wind roses (Franco 1996). I-3-2. Pre-Roman times Most of the early harbors were natural anchorages in favorable geographical conditions, such as sheltered bays behind
capes or peninsulas, behind coastal islands, in river mouths, within lagoons or in deep coves. Short dredwood waters were eventually added in addition to Protection. The harbours used for refuge, unloading goods and access to fresh water were Safe day-to-day transmission of shallow wooden project vessels that sailed along the coast
at a speed of only 3-5 knots. The ancient ports can be divided into three groups according to their structural models and the development of engineering skills (Frost 1963). The earliest were the cliffs cut, in that natural features like sea reefs were adapted to give refuge to ships riding on anchor. In the second group, vertical walls were built
on comfortable shallows to serve as surface waters and moles. Harbors of this type were located in protected bays, and often the walls were connected to the defense of the city's wall (e.g. ancient Tyres on the Lebanese coast). Often these pools were close to moving using chains to prevent enemy ships from entering (Franco 1996). The
third group were harbors that were imposed even on unpromising shores with the help of Roman innovations such as arch and improved hydraulic cement. Such projects required the engineering, construction and financial resources of a large empire. All the ancient ports had one thing in common: they had to be kept away from silt at a
time when mechanical dredging was unknown. This has been achieved by various means. One was by designing the outer parts of the harbor, so they deflected the yl-bearing currents. Secondly, allow the controlled current to flow through the port or flush it when needed by means of channels. For example, in Sidon, a number of tanks
(such as pools) were carved towards the harbor of a natural rock reef. The tanks are filled with clean water that was held in place with a sluice gate. When the gates have been opened, the currents of clean water will wash out the inner harbor. Documentary and archaeological evidence shows that Tyre and Sidon flourished and powerful
ports from the Bronze Age to the Roman era and therefore had to stay away from silt for over a thousand years (Frost 1963). Another method of preventing silt was to divert rivers through canals so that for part or most of the year the flow would enter the sea at a location far from the harbour. The origin of the stormwater is unknown. The
ancient Egyptians built boat pools with overwaters on the Nile River in the zozer (Joser) step of the pyramid (circa 2500 BC) (Inman 2001). The Minoans built the creeks in Niru Hani in Crete long before the Explosion of Santorini (Tera) in 1500 BC Sea water was small and built from material taken from the nearby dune quarries (Inman
1974, figure 4). In the Mediterranean, the size and sophistication of seawater increased over time as Egyptian, Phoenician, Greek-Macedonian and Roman civilizations evolved and evolved. Breakwaters were built in China, but generally at a later date than in the Mediterranean. Probably the most difficult man-made harbor of this era was
the first harbor of Alexandria, Built built Pharos Island circa 1800 BC by the Minoans. The main pool, built to accommodate 400 vessels about 35 m long, was 2,300 m long, 300 m wide and 6-10 m deep. Alexander the Great and his Greek successors rebuilt the harbour (300-100 BC) on a monumental scale. The island of Faros was joined
by a 1.5-kilometre sea basin with two holes separating two 368-hectare (910-acre) and 15 km of waterfront basin. Alexandria is probably best known for the 130-meter lighthouse tower used to guide ships on the unnamed coast to the port from 50 km to sea. The multi-storey building was built of solid stone blocks cemented together with
molten lead and lined with white stone slabs. Considered one of the wonders of the ancient world, it eventually collapsed due to earthquakes between 1326 and 1349 (Franco 1996, Empereur 1997). Another feature of the Greek harbors was the use of colossal statues for marking entrances. Colossal statues of King Ptolemy, which stood
at the base of the lighthouse, were found with the wreckage of the lighthouse. Historians report that the most famous statue of the harbor was the 30-meter Colossus of Rhodes, which stood on the heads of waterless waters. Three ancient windmill towers still survive on the Rhodes River (Franco 1996). Frost (1963) notes that the Greeks
used hydraulic cement long before the Romans. 1-3-3. Roman times The Romans introduced many revolutionary innovations in the design of the harbor. They learned to build walls underwater and built solid sea waters to protect open harbors. They used metal joints and clamps to fasten the adjacent blocks together and are often credited
with opening hydraulic cement made from poplanic ash from a volcanic region near Naples that hardens under water. Frost (1963) notes that the Greeks used hydraulic cement long before the Romans. The Romans replaced many of the Greek gnawing mounds of breakwaters with vertical and composite concrete walls. These monolithic
coastal structures can be built quickly and require little maintenance. In some cases, wave reflection may have been used to prevent silt. In most cases, rubble or large stone slabs have been placed in front of the walls to protect against scouring. The Romans developed cranes and pile drivers and widely used them in their construction.
This technology has also led them to develop dredgers. Another advanced method used for deep-sea use was waterproof floating cell caisson, a precursor to the modern monolithic marine level. They also used low, water breakwaters to travel the waves before they reached the main breakwater. A feature of the vertical in Tapsus (Russ
Dimas, Tunisia) there was the presence of vents through the wall to reduce wave shock forces. Forces. The idea is used today in the construction of perforated caisson backwaters (Franco 1996). Using some of these methods, the Romans built complex fractional waters in Aquila, Italy (circa 180 BC), and in Caesarea, Israel (circa 20 BC).
In the southwestern breakwater in Caesarea, there was a preponderance, which acted as an underwater reef, which bypassed the wave, causing it to break and dissipate energy before colliding with the main breakwater (Inman 2001). The largest artificial port complex was the imperial port of Rome; the seaside town at the mouth of the
Tiber River was named Portus (Port). It is currently about four kilometres from the sea and is partially buried under Rome Fiumicino Airport. Despite its importance to the capital of the empire, (300,000 tons/year of wheat from Egypt and France), the harbor has always suffered silt from the river. Trajan, who also built the ports of Terracina
and Centumcellae, built the inner hexagonal basin of Portus. The port of Centumcellae was built only to serve its villa on site with favorable rocky morphology. A grandiose engineering project between 107-106 BC created a protected swimming and boating. Slaves from all parts of the empire dug up the harbor and hauled in massive
stones to create an artificial harbor to weaken the force of the waves. After the decline of Portus, it became and remains a Roman port. After it remained unchanged for more than 1000 years, the inner Roman pool, which was extracted from the rock (200,000 m3 or 260,000 yd3), is still in use. Roman engineers also built harbors in
northern Europe along the main waterways of the Rhine and Danube and in Lake Geneva. They were the first dredgers in the Netherlands to maintain a harbour in Velsen. Problems with silting here were solved when previously sealed hard piers were replaced by new open berths. In general, the Romans spread their technology
throughout the Western world. Their harbours have become independent infrastructure, with their own buildings and storage sheds as opposed to the pre-Roman fortified city harbour. They developed and duly used different design concepts and construction techniques in a variety of coastal citations in accordance with local hydraulic and
morphological conditions and available materials (Franco 1996). The Romans also presented the world with the concept of a holiday to the coast. Ingredients for beach holidays were in place: high population density combined with a relatively high standard of living, a well-established economic and social elite, and an excellent
infrastructure of roads. From the end of the republic to the middle of the second century empire, the resorts flourished along the coasts of Latium and Kapania, and a continuous string of villas stretched along the coast from the coast near Rome to the white cliffs of Terracina. The beautiful roads connected these resorts with that allowed
crust and masses to descend from the sultry and steamy Rome to the sea. For five hundred years, the sybaric city of Bayae has reigned as the greatest trendy beach resort of the ancient world. Seneca the Younger called Bayeux a whirlwind of luxury and a haven of vice, an enticing combination that the Romans found irresistible (Len'ek
and Bosker 1998). I-3-4. The modern era after the fall of the Western Roman Empire, a long hiatus in coastal technology and technology dominated much of the European world, with some exceptions. Little is written about the achievements in civil engineering in the dark and middle ages. The threat of an attack from the sea has left many
coastal towns and harbours abandoned. Many harbors were lost due to natural causes such as rapid forage, coastal promotion or retreat, etc. the Venice Lagoon was one of the few populated coastal areas with permanent prosperity and development, where written reports document the evolution of coastal protection works, ranging from
the use of wicker to fortify dunes to wooden piles and stones often united in a sort of crib work. Protection from the sea was so vital for the Venetians that laws from 1282 to 1339 did not allow anyone to chop or burn trees from coastal forests, choose mussels from mountain residues, let livestock onto dams, remove sand or vegetation
from beaches or dunes, or export materials used to protect the shore (Franco 1996). In England, coastal engineering work is carried out by the Romans, who recognized the danger of flooding and flooding of the seas low-lying lands. On Medway, for example, embankments are built
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