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1.1 Introduction 

Harbors -Their Past. Present. and Future 

Maritime transportation has generally been the most convenient and least expensive 

means of transporting goods, and this is why mankind, since ancient times, has been 

steadily extending its activities into this area. The history of maritime transportation and 

port development dates back to the year 3500 B.C. and beyond. Over centuries, transport 

of goods by means of water transportation has been evolved in steps with the needs of 

world trade and technical capabilities to build larger ships and ship I cargo handling 

facilities. Initially, waterborne traffic has existed on a local basis where small ships sailed 

out of river ports for other nearby river ports located in the same river system as showing 

in Pic. 1 . With advancing navigational skills the merchants ventured greater and greater 
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distances. Thus, larger ships transporting larger quantities of goods have emerged. As ship 

. traffic increased, the existing river ports became overcrowded, and in order to permit 

more ships to berth and at the same time to keep the river usable for more ships, piers had 

to be constructed along river banks. This stage may be seen as the beginning of the 

development of modern ports. The ever-increasing demand for shipping and port facilities 

resulted in construction of the first open-sea ports as showing in Pic. 2 . Four to five 

thousand years ago the Phoenicians established open sea ports along the Mediterranean 

coastline, and the Romans built the famous naval port near Rome on the Tiber River at 

Ostia. By the end of the first century A.D. a number of large ports had been constructed 

in the Mediterranean, the Red Sea, and the Persian Gulf. 

 

                                 Pic. 1                                                                 Pic. 2 

 

1.2 Terms and Definitions  

1.2.1 Harbor is a body of water sheltered by natural or artificial barriers. Harbors can 

provide safe anchorage and permit the transfer of cargo and passengers between ships and 

the shore. A harbor is deep enough to keep ships from touching bottom and should give 

ships and boats enough room to turn and pass each other. 

And there are many elements in the port, such as ; 
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1.2.2 Entrance of Harbor 

          The port entrance is the most exposed part to the waves, so the depth of the water 

and the width of the entrance must be greater than in the shipping lane leading to the port. 

The width of the entrance depends on the traffic density, the number of other auxiliary 

entrances, the traffic needs and the degree of protection provided to the navigation traffic. 

As for the width of the entrance, it must be wide enough for the purposes of movement 

and to avoid dangerous tidal currents, but this width should not be so as to prevent the 

waves from rising and crashing into the port. 

1.2.3 Approach Channel 

      In principle, the depth of water throughout the port should be sufficient for the 

purposes of vessel movement throughout the port. The shipping lane leading to the port 

must be of sufficient width and depth in order to provide a safe passage for ships between 

the entrance and the berths within the port. 

1.2.4 Turning Basin 

     It is the space that the ship needs for the maneuvering process, when it enters or leaves 

the berth, and the size of the turning dock depends on the size of the ships visiting the 

port, and it is preferable that the turning dock be designed in such a way that it allows the 

ship to rotate continuously without the interference of the auxiliary vessels (Tugs), i.e. 

The dock should be wide enough to allow for a free rotation of ships, as it is known that 

ships, like tugs, cannot drive backwards. 

1.2.5 Sheltered Basin 

     It is the water yard protected by the breakwater and the coast. Other port elements such 

as the anchorage area for ships and berths are present in this basin. 
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1.2.6 Wharves and Quays 

     They are built parallel to the beach or breakwater inside the port, and they allow ships 

to be moored along the quay for the purpose of handling cargo. They are created by filling 

with soil or other materials and have a wide berth on the surface. 

1.2.7 Jetties and Piers 

     They are either open or closed facilities, with a wide berth above to allow ships to dock 

along their length. They are constructed offshore or perpendicular to it to reduce alluvial 

deposits and drilling operations and allow the free flow of tidal currents. 

1.2.8 Dry dock and spillways 

      Its main purpose is to maintain, construct and repair ships. A shipbuilding yard is 

called a building yard, and it remains dry for ease of work. The dry dock is provided with 

a gate at the entrance that closes when the vessel enters the dock, and then water is pumped 

out to keep it dry. 

1.2.9 Breakwater 

      The main objective of the breakwater or breakwater systems is to protect the closed 

water yard from waves and storms, as they help bring calm inside the port and thus achieve 

safety for ships inside it and ease of operation. The continuous construction at the top of 

the breakwater is called the Pier Head. 

1.2.10 Ancillaries  

      They include anchors, hooks, buoys, lights, stores, fire towers and any other services 

that may be needed. 
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1.3 Requirements of A Good Harbor: -  

  The depth of a harbor should be sufficient for every type of visiting ships. The 

bottom of harbor should provide secured anchorage to hold the ships against high winds. 

To prevent destructive wave action, break water is provided. 

Also Know, how is a Harbor built, Harbors may be natural or artificial. An 

artificial harbor can have deliberately constructed breakwaters, sea walls, or jetty’s or 

they can be constructed by dredging, which requires maintenance by further periodic 

dredging. In contrast, a natural harbor is surrounded on several sides by prominences of 

land. 

1.4 Harbor classification:   

Harbors are broadly classified as:  

➢ Natural harbors.  

➢ Semi-natural harbors.  

➢Artificial harbors. 

Natural harbors: ❖ Natural formations affording safe discharge facilities for ships on sea 

coasts, in the form of creeks and basins, are called natural harbors. 

In below Pictures 3, 4 & 5 showing live photographically pictures of harbors 

classifications. 
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Introduction: 

Harbors are the cornerstones of international trade. These facilities are so vital in 

fact that, for many regions, a reduction in capacity in the harbor system carries with it 

grave economic consequences. Limited redundancy of harbor systems makes them critical 

nodes in the transportation networks that connect the coast to points inland. 

One of the main reasons to success the harbor works, is the natural phenomena 

around it, so study of natural phenomena is very important to design a success hydraulic 

structures for harbor.  

2.1: Tides. 

2.2: Winds. 

2.3: Marine Currents. 

2.4: Marine Area. 

2.5: The Materials Used in Marine Structures and Effect of Seawater on it. 

2.6: Waves, Theory & Analysis. 

2.7: Soil Properties Studies. 

2.8: Test of Hydraulic Models. 

 

Fig (2-1) Harbor 
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2.1: Tides 

Tides are the rise and fall of seawater levels caused by the combined effects of 

the gravitational forces exerted by Moon, Sun, and the rotation of the Earth. 

Tides phenomena is very important in harbor engineering for following reasons: 

1- The heights of piers and breakwaters are determined in terms of the change in sea level 

from the lowest level to the highest level. 

2 - The changing in sea level is taken into consideration as a factor that determines the 

length and height of the side walls of the dry basins. 

3- These phenomena give rise to what is known as tidal currents, and it is an important 

factor that must be studied when determining port entrances. 

4- The type of port may depend entirely on the amount of change that occurs in the sea 

level in the region. If this change exceeds a certain limit, the port may be established in 

the form of closed basins. 

The biggest height tide in the world can be found in Canada's Bay of Fundy (11.7m) 

as shown in Fig (2-2).  

 

Fig (2-2) Bay of Fundy in Canada 
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2.1.1 Tides Theory: 

Gravity is one major force that creates tides. In 1687, Sir Isaac Newton explained 

that ocean tides result from the gravitational attraction of the sun and moon on the oceans 

of the earth. 

Newton’s law of universal gravitation states that the gravitational attraction 

between two bodies is directly proportional to their masses, and inversely proportional to 

the square of the distance between them. Therefore, the greater the mass of the objects 

and the closer they are to each other, the greater the gravitational attraction between them 

(with assume: All Earth covered by seawater, Depth of seawater is constant, seawater is 

non-viscosity and movement of water is slowly so the seawater will consider as statically 

equilibrium). 

Tidal forces are based on the gravitational attractive force. With regard to tidal 

forces on the Earth, the distance between two objects usually is more critical than their 

masses. Tidal generating forces vary inversely as the cube of the distance from the tide 

generating object. Gravitational attractive forces only vary inversely to the square of the 

distance between the objects. The effect of distance on tidal forces is seen in the 

relationship between the sun, the moon, and the Earth’s waters. 

Our sun is 27 million times larger than our moon. Based on its mass, the sun’s 

gravitational attraction to the Earth is more than 177 times greater than that of the moon 

to the Earth. If tidal forces were based solely on comparative masses, the sun should have 

a tide-generating force that is 27 million times greater than that of the moon. However, 

the sun is 390 times further from the Earth than is the moon. Thus, its tide-generating 

force is reduced by 3903, or about 59 million times less than the moon. Because of these 

conditions, the sun’s tide-generating force is about half that of the moon, as shown in Fig 

(2-3). 
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Fig (2-3) Difference between Moon and Sun tides 

2.1.2 Types of Tidal Cycles: 

Diurnal, Semidiurnal, Mixed Semidiurnal; Continental Interference 

Three basic tidal patterns occur along the Earth’s major shorelines. In general, most 

areas have two high tides and two low tides each day. When the two highs and the two 

lows are about the same height, the pattern is called a semi-daily or semidiurnal tide. If 

the high and low tides differ in height, the pattern is called a mixed semidiurnal tide. 

Some areas, such as the Gulf of Mexico, have only one high and one low tide each day. 

This is called a diurnal tide, as shown in Fig (2-4) and Fig (2-5). 
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` Fig (2-4) Types of Tidal Cycles: 

 

Fig (2-5) Tides types on the world map 
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2.1.3 Tidal Variations - The Influence of Position and Distance: 

The moon is a major influence on the Earth’s tides, but the sun also generates 

considerable tidal forces. Solar tides are about half as large as lunar tides and are expressed 

as a variation of lunar tidal patterns, not as a separate set of tides. When the sun, moon, 

and Earth are in alignment (at the time of the new or full moon), the solar tide has an 

additive effect on the lunar tide, creating extra-high tides, and very low tides—both 

commonly called Spring Tides. One week later, when the sun and moon are at right 

angles to each other, the solar tide partially cancels out the lunar tide and produces 

moderate tides known as Neap Tides. During each lunar month, two sets of spring tides 

and two sets of neap tides occur, as shown in Fig (2-6). 

 

Fig (2-6) Shows Spring tide & Neap tide position 
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2.1.4 Equinoctial Tide: 

It is a special case of spring tides, occurs on 21 March and 23 December every year, 
when sun and moon in a same line over the equator, which means shortest distance which 
causes higher tide. 

 2.1.5 Tidal Range: 

Tidal range is the vertical distance through which the tide rises and falls, the 
difference in water height between low tide and high tide, or, quite simply, the “size” 
of tide. 
2.1.6 Tide Tables: 

Tide tables can be used for any given locale to find the predicted times and 

amplitude (or "tidal range"). The predictions are influenced by many factors including the 

alignment of the Sun and Moon, the phase and amplitude of the tide (pattern of tides in 

the deep ocean), the amphidromic systems of the oceans, and the shape of the coastline 

and near-shore bathymetry. They are however only predictions; the actual time and height 

of the tide is affected by wind and atmospheric pressure. Many shorelines 

experience semi-diurnal tides—two nearly equal high and low tides each day. Other 

locations have a diurnal tide—one high and low tide each day. A "mixed tide"—two 

uneven magnitude tides a day—is a third regular category. 

       

Fig. (2-7) Low Tide and High Tide 
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2.2 Winds: 

 Wind is the movement of air caused by the uneven heating of the Earth by the 

sun. It does not have much substance—you cannot see it or hold it—but you can feel its 

force. It is the great equalizer of the atmosphere, transporting heat, moisture, pollutants, 

and dust great distances around the globe. 

 

 

Fig (2-8) Wind Direction 

 Differences in atmospheric pressure generate winds. At the Equator, the sun 

warms the water and land more than it does the rest of the globe. Warm equatorial air rises 

higher into the atmosphere and migrates toward the poles. This is a low-pressure system. 

At the same time, cooler, denser air moves over Earth’s surface toward the Equator to 

replace the heated air. This is a high-pressure system. Winds generally blow from high-

pressure areas to low-pressure areas. 

The purpose of study this phenomenon to know the directions of wind with time and 

speed, for following reasons: 
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1- To specify the speed, direction and time in the region to consider that during design 

the harbors as well as the directions of marine paths. 

2- To calculate the pressure which caused by winds during design cranes and  

3- The wind is important reason to establish the waves (later) 

 

 

 

 

2.2.1 Wind Speed Classification: 

Table (2-1) Wind Speed Classification 

Beaufort Scale 
10-minute sustained winds 

General terms 
Knots Km/h 

0 <1 <2 Calm 

1 1–3 2–6 Light air 

2 4–6 7–11 Light breeze 

3 7–10 13–19 Gentle breeze 

5 17–21 31–39 Fresh breeze 

6 22–27 41–50 Strong breeze 

7 28–33 52–61 Moderate gale 

8 34–40 63–74 Fresh gale 

9 41–47 76–87 Strong gale 

10 48–55 89–102 Whole gale 

11 56–63 104–117 Storm 

12 64–72 119–133 Hurricane 
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2.2.2 Record Wind information: 

 The wind speed is measured by an anemometer, which consists of 3 rotating 

cups, and its unit of measurement (knot, m/s, km/hr), the wind direction is by means of 

vane wind, which consists of a blade or arrow whose front points to the direction from 

which the wind blows. The two devices are placed at a height of 10 meters from the ground 

level, shown in Fig (2-9). 

 

Fig (2-9) Anemometer 

There are a lot of ways to record the wind information, the famous one is called rose 

diagram, shown in Fig (2-10): 
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Fig (2-10) Annual Rose Diagram for Basra (shows how many hours per year the wind 

blows from the indicated direction) (2) 
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2.2.3 Wind Pressure: 

When moving air  wind is stopped by a surface - the dynamic energy in the wind is 

transformed to pressure, as shown in Fig (2-11). The pressure acting the surface 

transforms to a force 

Fw = pd A 

     = 1/2 ρ v2 A                               (1) 

Where     Fw = wind force (N) 
               A = surface area (m2) 
              pd = dynamic pressure  (Pa) 
              ρ = density of air (kg/m3) 
             v = wind speed (m/s) 

Note - in practice wind force acting on an object creates more complex forces due 

to drag and other effects. 

Fig (2-11) Wind Pressure applied on a building 
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2-3 Marine Current: 

Marine currents are driven by tides, wind and water density differences. 

Marine currents describe the movement of water from one location to another with 

sediment or not, as shown in Fig (2-12). Currents are generally measured in meters 

per second or in knots (1 knot = 1.85 kilometers per hour or 1.15 miles per hour). 

 

Fig (2-12) Marine Current in Earth 

Marine currents are driven by three main factors: 

1. Tides Current: 

Tides create a current in the oceans, which are strongest near the shore, and in bays 

and estuaries along the coast. These are called "tidal currents". Tidal currents 

change in a very regular pattern and can be predicted for future dates. In some 

locations, strong tidal currents can travel at speeds of eight knots or more. 

2. Surface Current: 

 Winds drive currents that are at or near the ocean's surface. Near coastal areas 

winds tend to drive currents on a localized scale and can result in phenomena like 
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coastal upwelling. On a more global scale, in the open ocean, winds drive currents 

that circulate water for thousands of miles throughout the ocean basins. 

3. Natural Current: 

This is a process driven by density differences in water due to temperature and 

salinity variations in different parts of the ocean. Currents driven by thermohaline 

circulation occur at both deep and shallow ocean levels and move much slower than 

tidal or surface currents. Currents affect the Earth's climate by driving warm water 

from the Equator and cold water from the poles around the Earth.  

2.4 Marine Area: 

 The marine area combines the requirements of the marine engineer at sea and 

the requirements of the structural engineer in the areas close to the shore, so, we will limit 

the following to the marine works engineer’s needs for marine surveying works, as shown 

in Fig (2-13). In this case, the engineer’s needs can be summarized as follows: 

1- Surveying works on the land to define the shoreline. 

2- Surveying works on the sea to determine the depths of piers, breakwaters and other 

marine installations, as well as to determine the locations of islands and submerged 

rocks and the levels of the sea floor in the area of the shipping lanes. 
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Fig (2-13) Marine area in front of a harbor 

 

2.5 The Materials used in Marine structures and the effect of sea water 

on it: 

 Many of materials used in construction of hydraulic structures in the harbors, 

but related to un-normal conditions, the used materials must be in high quality and able to 

withstand what they are exposed to in terms of forces and external factors for the longest 

possible period. 

 Maritime facilities are exposed to dynamic forces resulting from wave shocks 

and shocks resulting from ship movement or shocks that may arise accidentally during 

leave ships in addition to the friction forces that They are present during traction, whether 

between the ship and the pier front, which must be protected, or if these forces result from 

the movement of the mooring ropes. 
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 Marine installations are also subjected to recurring wetness and drought that 

results from changing water levels in the tides or as a result of storms and their winds from 

spraying, and this phenomenon has a harmful effect on some of the materials used in 

construction. 

 As well as, the change in temperature, the chemical effect of sea water, and 

the effect of insects and marine worms on some of the materials used. 

 Special specifications must be provided in the materials used to be able to 

resist all the aforementioned factors: 

1- The material used in construction must be able to withstand the forces of pressure and 

friction when the structure is exposed to those forces. 

2 - To carry the harmful effects resulting from frequent wetness and drought, the constant 

change in temperature and the chemical effect of sea water, as well as insects and marine 

worms. 

2.5.1 Materials used in marine installations: 

1- Natural Stones. 

2- Iron and Steel. 

3- The Woods. 

4- Ordinary Concrete. 

5- Reinforced Concrete. 

2.5.2 Seawater Composition: 

 Seawater Composition Seawater is a complex solution of inorganic, organic, 

and biological components. These can interact with materials to cause corrosion and to 

degrade their properties. 
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Table (2-2) CHEMICAL COMPOSITION OF SEAWATER, 19ppt Chlorinity 

 

 

 Average weight of chemical composition of seawater is (38 g/kg) different from 

region to other. 

 Specific weight for seawater is 1.025 ton/m3 

Table (2-3) Chemical Composition Seawater for Arabian Gulf 
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2.6 Waves: 

 Waves are the result of multiple factors, which may be r: seismic, such as the 

movement of ships or explosions near the surface of the water, or natural such as 

earthquakes, tides, and waves formed by the action of winds are the most important types 

in marine works engineering, and their study becomes necessary for the full reasons:   

1- Huge forced generated from waves and effect on the marine structures such as 

breakwaters, so must consider that forces during the design phase. 

2- If the waves formed within the marine area, will cause many troubles in loading and 

unloading, as well as, make the ships touch the piers roughly, so accordingly by studying 

the waves and their refraction and spread is very important.   

3. The studying of waves is very important when planning and design the breakwater, the 

entrance and shipping lanes. 

4. The waves contain an energy working continuously to change the coast parameters, so, 

must consider the wave study with other natural phenomena.  

 

Fig (2-14) Waves 
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2.6.1 Waves Theory: 

 Ocean waves are mainly generated by the action of wind on water. The waves 

are formed initially by a complex process of resonance and shearing action, in which 

waves of differing wave height, length, period is produced and travel in various directions. 

Once formed, ocean waves can travel for vast distances, spreading in area and reducing 

in height, but maintaining wavelength and period as shown in Figure (2-15): 

 

Fig (2-15) Wind Waves 

 In the storm zone generation area high frequency wave energy (e.g. waves 

with small period) is both dissipated and transferred to lower frequencies. Waves of 

differing frequencies travel at different speeds and therefore outside the storm generation 

area the sea state is modified as the various frequency components separate. The low 

frequency waves travel more quickly than the high frequency waves resulting in a swell 

sea condition as opposed to a storm sea condition. This process is known as dispersion. 

Thus, wind waves may be characterized as irregular, short crested and steep containing a 

large range of frequencies and directions. On the other hand, swell waves may be 

characterized as fairly regular, long crested and not very steep containing a small range of 

low frequencies and directions, as shown in Fig (2-16). 
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Fig (2-16) Wave Details 

2.6.2 Wave Types: 

 All waves are primarily classified according to the generation and restoring 

mechanisms, which induce oscillations within a wide band of periods and associated 

wavelengths. The resulting waves and induced motion through the water column affect a 

large number of marine processes and engineering activities that take place on the surface 

and in the most superficial sublayers of ocean. These include the exchange of heat and 

gases, ocean mixing, transport of sediment, coastal morphology, seakeeping, offshore 

engineering, and renewable energy among many others. A description of the different 

types of ocean surface waves and their concurrent classification is presented. 

 

Table (2-4) Ocean Wave Classification 

Classification Period 
band 

Generating forces Restoring forces 

Capillary waves <0.1 s Wind Surface tension 
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Classification Period 
band 

Generating forces Restoring forces 

Ultra-gravity 
waves 

0.1–1 s Wind Surface tension 
and gravity 

Gravity waves 1–20 s Wind Gravity 

Infra-gravity 
waves 

20 s to 5 
min 

Wind and atmospheric 
pressure gradients 

Gravity 

Long‐period 
waves 

5 min to 
12 h 

Atmospheric pressure 
gradients and earthquake 

Gravity 

Ordinary tidal 
waves 

12–24 h Gravitational attraction Gravity and 
Coriolis force 

Transtidal 
waves 

>24 h Storms and gravitational 
attraction 

Gravity and 
Coriolis force 

 

2.6.3 Capillary Waves: 

The shortest‐period waves, and the first to be noticed on the ocean surface when 

wind starts blowing, are the capillary waves, which resemble cat's paws ripping the 

otherwise smooth surface. This peculiar wavy structure is generally forced by a light 

breeze of speeds of about 3 m/s (taken at a reference height of 10 m from the water level) 

and assumes a fine structure of small ripples with a wavelength of less than 1.5 cm and 

period less than 0.1 s (an example of capillary waves is shown in Fig (2-17)). 
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Fig (2-17) Capillary Waves 

2.6.4 Gravity Waves: Wind Sea 

A consistent blowing of wind over a substantial fetch (i.e., the distance over which 

the wind blows) forces waves to become much longer than the threshold wavelength of 

1.7 cm. As the wavelength grows longer than 1.5 m (i.e., wave period becomes larger than 

1 s), surface tension becomes negligible and gravity remains the sole restoring 

mechanism. Under these circumstances, waves are classified as gravity waves. It is worth 

mentioning, in this regard, that gravity acts on wave dispersion by inducing wave phases 

to propagate faster than wave groups and thus reversing the effect of surface tension. 

Generally speaking, gravity waves assume periods ranging from a minimum of about 1 s 

up to maximum of approximately 25 s (i.e., wavelength varies roughly between 1.5 and 

900 m), as shown in Fig (2-18). 

 

Fig (2-18) Gravity Wave 
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2.6.5 Infra-gravity Waves: 

Nonlinear interactions between wave components convert part of the energy 

associated to wind‐generated gravity waves into subharmonics with periods ranging from 

about 20 to 30 s up to a maximum of approximately 5 min. These long oscillations, which 

are driven primarily by swell, are bound to the generating wave trains and are normally 

known as infra-gravity waves by filtering period lower than 30 s, as shown in Fig (2-19). 

 

Fig (2-19) Infra gravity Waves 

2.6.6 Long‐Period Waves (Tsunamis, Seiches, and Storm Surges): 

Well‐defined waves with periods longer than 5 min are routinely recorded in the 

ocean. Although different originating mechanisms can be responsible for such waves, 

meteorological conditions and earthquakes remain the primary cause. Normally, long 

oscillations generated by atmospheric conditions are known as seiches and storm surges, 

while tsunamis identify waves originated from earthquakes. Despite the long wavelength, 

the restoring mechanism is still dominated by gravity, as shown in Fig (2-20). 
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Fig (2-20) Long period waves 

Tsunamis are long waves with period varying between 1 and 20 min (wavelength 

from a few kilometers up to a few hundreds of kilometers) that are generated by sudden 

tectonic changes to the sea bed or landslides that are usually attributed to earthquakes and 

submarine volcanic activity. In the open ocean, tsunamis have very small amplitude (only 

rarely wave height exceeds 1 m) and generally pass completely unnoticed. Propagation 

into shallower waters, however, makes wave shoal, compressing the shape of the 

oscillation. As a result, its speed diminishes of about one order of magnitude (from about 

800 to <80 km/h), while its wavelength reduces to less than 20 km with a consequent 

substantial growth of wave height. 

2.7 Soil Properties Studies: 

 It is required achieved sufficient technical studies on soils to determine its 

natural and mechanical properties, which required for following:  
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1- Estimating the total cost of a new harbor where the type of facilities that are suitable 

for the quality of the soil, as well as determining the type of soil in which the drilling will 

pass, and usually the study, in this case it is not intense. 

 2- Related to the results of soil properties, two choices, first; the cost of the new harbor 

will very expensive according to the type of soil, so required cancel the location and search 

for other, or second, the location will be accepted. 

2.8 Test on the Hydraulic Models: 

 In many cases it is necessary to do hydraulic researches in lab before start the 

design or construction for large projects, which that require a special study according to 

the recognized engineering theories. Hydraulic researches applied on models of required 

structures, surrounding area and the forces affecting them, these models must be 

completely corresponding for each structure. 

 The purpose of doing the testing to determining the direction and location of 

breakwaters, protective heads on the beaches, study the sediment or erosion expected after 

the establishment of an insulting facility after coasts formation with protect it and test the 

balance of breakwaters. 

 In general, Tests are required when the designing department cannot be 

satisfied with the engineering theories or from his previous experiences which will cause 

any mistake to loss of money.  

For example, generation of waves, generation of tides and marine currents, as shown in 

Fig (2-21) and Fig (2-22). 
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Fig (2-21) Waves simulator with water breaker 

 

Fig (2-22) Water breaker model 
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Introduction 

One of the most important reasons to make any harbor is successful and effective, 

the planning of harbors which give the ships comfortable lanes, loads and unloads and 

waiting period, so, in below will discuss and show the planning of harbors rules, as 

follows: 

3.1: Factors of Harbors Design. 

3.1.1: Properties of Ships. 

3.1.2: Nature of Location. 

3.1.3: Purpose of Construction a New Harbor. 

3.2: Planning of harbors: 

3.2.1: Navigation Lanes Rules. 

3.2.2: Entrance of Harbors. 

3.2.3: Water Area in front of Harbor. 

3.2.4: Planning of Breakwater. 

 

Fig (3-1) Planning of Baltimore Harbor, MD, United States 
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3.1: Factors of Harbors Design: 

It is depending on many factors can be summarized as follows: 

1- Properties of ships that are expected to come to the harbor, length, width, draft and 

maximum cargo capacity. 

2- The nature of the proposed construction site and the possibilities of natural 

protection. 

3- The purpose for which the harbor is established. 

4- Various natural phenomena in the construction area. 

5- Water depths in the construction area and the shape of the shoreline. 

6- The type of soil forming the bottom. 

 

It is very important study and plan each of the following: 

1- Navigational lanes leading to the harbor entrance in terms of its layout, depth and 

breadth. 

2- The harbor entrance (may have more than one entrance) in terms of its location, 

depth, breadth and sides if necessary. 

3- The water area that ensures ease of movement inside the harbor (or other purposes) 

without increasing its area and exposure to waves. 

4- Dividing the harbor into special areas according to needs. 

5- Planning the sidewalks and determining their dimensions and the depths of the 

water in front of them. 

6- Planning roads and railways inside the harbor. 

7- Determining the dimensions and heights of the necessary warehouses and storage 

yards, as well as determining the tasks required for loading and unloading. 

8- Determine the locations of maintenance basins, such as dry basins. 
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3.1.1: Properties of Ships: 

The shipbuilding industry is developing very quickly while the proportions 

between the length and width of the ship are constantly changing, and it is not necessary 

when studying the harbor planning project that the engineer know the characteristics of 

the different ships that roam the seas around the world, but it is sufficient to make a 

thorough study of the sizes and tonnages of the ships that are expected to deal with the 

harbor. For example, if a harbor is to be established on any location, then it is necessary 

to study foreign trade, as well as, which harbors expected to deal with during next Ten 

years. If those harbors are identified, it is necessary to know sufficient data about the 

ships that frequented them. A comprehensive study is made on the ships that have been 

frequenting them in the past ten or twenty years, and from which it is possible to know 

the rate of growth in the volumes and tonnage of ships and thus what is expected to be 

in the following years, figure (3-2) shows the ship dimensions names. 

 

          Fig (3-2) Ship dimensions 

These are the same ships that are expected to transport trade to and from the 

proposed harbor, that is, they are the ships that are expected to fly to this harbor, and 

the information that must be specific for ships that frequent the harbor are: 

1- Length, width and draft of the ship when it is loaded with maximum load. 

2- Area floating above water exposed to wind pressure when the ship is empty. 

3- Empty weight of the ship and its maximum load up to the loading mark. 

4- Number of ships expected to be inside the harbor at any time. 

5- Type of trade to and from the harbor, its quantities, and the seasons for its loading 

or unloading. 
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3.1.2: Nature of Location: 

 The harbors are classified to Three sections according to locations as follows: 

1- Natural Harbors: It protected fully by nature protection without need for artificial 

works, such as the harbors on rivers, figure (3-3) shows Al Maaqal Harbor on Shatt 

Al Arab river. 

 

Fig (3-3) Al Maaqal harbor (Natural harbor) 

2- Semi-Natural Harbors: It is protected partially by natural protection, but need some 

artificial and manmade construction. 

3- Artifical Harbors: It have no natural protection but artificial arrangement are made 

to protect the harbor from storm and wind, the construction costs are expensive. 
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3.1.3: Purpose of Construction a New Harbor:  

Each harbor has requirements according to the purpose for which it is established. 

These requirements are divided into two parts, requirements specific to the uses 

of the harbor, and these are determined by the specialists, as is the case in military 

harbors in terms of defending the harbor and so on, and engineering requirements that 

depend on the uses of the harbor, and these are determined by the designer. 

Harbors are classified according to their purpose as follows: 

1-  Commercial Harbors: Ships are almost visited it regularly for commercial 

purposes, including loading, unloading goods and passengers. It must be located 

on public navigation routes and be easily connected to the interior roads of the 

country, its industrial and agricultural, and other production centers. And this 

connection is either by railways, roadways, navigation channels, airlines or all 

of them, and the following must be available in such harbors: 

a- Full protected from waves and storms so that ships can loading and 

unloading. 

b- Protected from tides or at min. range, by even construct internal basins if 

required. 

c- Depth of berths are sufficient for all ships, and construct sheds to store goods 

temporarily or for a long time. 

d- Provision of fixed and mobile cranes on berths to load & unload the goods in 

shortest time.  

e- Equipping with maintenance docks such as dry docks, floating docks, as well 

as its workshops for repairing ships. 

f- Lighting for harbor and supply the ships with fuel, food and fresh water. 
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Fig (3-3) Umm Qasser Harbor (Commercial Harbor) 

 

2- Military Harbors: It constructed to serve warships and to be a base for it, figure 

(3-4) shows naval Norfolk harbor as military harbor, the following must be 

available: 

a- It connected with the country by railways - roads - navigational channels and 

airline lines for the ease of transporting the insured, soldiers and ammunition 

from the interior of the country. 

b-  Ease of defending it by making the areas around it suitable for the necessary 

defense means. 

c- The entrance must be narrow so that it can be closed with a window to protect 

the harbor from acts of sabotage, with considering the distance must be 

enough for allows the exit of ships quickly. 

d- The harbor must have more than one entrance, as the enemy may sink one of 

the ships at the entrance to prevent the movement of navigation in/out the 

harbor. 
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e- The harbor must have a large water area to accommodate the largest number 

of naval vessels and allow them to carry out rapid movements. 

f- There must be enough land around the harbor to establish the necessary land 

installations. 

g- It is not required to have a large number of berths in such harbors, as it is rare 

for these ships to be left on the docks except at the time of supply, but it must 

be provided with maintenance docks, both dry and floating, repair workshops 

and stores of spare parts. 

 

Fig (3-4) Naval Norfolk harbor, Virginia, USA (Military harbor) 
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3- Fishing Harbors: Its type of commercial harbor with usually small size, but the 

following conditions must be met in them: 

a- It located in places where a lot of fishing on the coasts. 

b- The water area in the harbor must be enough to accommodate all the expected 

ships at one time. 

c- Width of entrance must be enough for Four fishing ships at once, and must 

be not less that (50m).  

d- It is be connected to interior of country by a network of roads and railways 

so that the fishes can be transported immediately to the distribution centers 

before they are damaged. 

e- The harbor must have long berths enough for ships to unload their fishes at 

once as soon as possible. 

f- This type of harbor requires sufficient land areas to set up repair workshops, 

places to spread and repair fishing nets, as well as areas for fish processing 

and all additional industries that are necessary. 

 
Fig (3-5) Half Moon Bay California, USA (Fishing harbor) 
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4- Free-zone Harbors: It is type of commercial harbor in which goods can be 

loaded and unloaded without paying any customs duties. Ships can enter and 

exit without inspections, and without paying customs duties except for goods 

that are transported outside the customs area into the country, - as for the goods 

that remain inside the free-zone harbor for re-processing and then transferring 

them to another harbor, no fees are paid. 

The establishment of these harbors attracts commercial ships that pay entry fees, 

berth returns, fuel prices, supplies, rents for cranes, maintenance docks, and 

workers' wages, and these harbors are prepared with warehouses for storing 

transit goods. Factories for re-manufacturing and packing of good, figure (3-6) 

shows the biggest free zone in the World. 

 

Fig (3-6) Free zone in Dubai Harbor (Free-zone harbor) 

 

5- Safety Harbors: Ships used it when faced strong storms, or when supplies or 

fuel were needed. This type of harbors was almost non-existent due to the great 

progress that had occurred in shipbuilding, so that most of them were able to 

withstand storms at sea, in addition to Harbors are expanding, and accordingly, 

there is no longer a need to establish harbors for this purpose.  



46 
 

This is in addition to the harbors that were established for use as a helipad, and 

this type also ceased to exist. 

 

 

In all types of harbors, regardless of the purpose of their establishment, harbor 

planning includes both of the following elements: 

 

3.2: Planning of Harbors: 

3.2.1: Navigation Lanes Rules: 

Sometimes the depth of water is changed related to some submerged islands, it 

becomes necessary to determine a navigational road leading to the entrance to the harbor, 

called the navigational lane, the depths of the water at a sufficient length for the safety of 

navigation, and the necessary works in the design of navigational lanes are: 

1- Navigational Lanes Planning: 

In planning navigational lanes, it is considered that the movement of ships along 

the lane is easy and does not require many maneuvers, and that strong currents do 

not intersect with it. Also, it is considered in planning that the passage is not subject 

to sedimentation, which reduces the depths of water in it. 

If a change in the direction of the path is required in its length, it is preferable to do 

so by means of a group of short tangents that connect with short curves as well. If 

the angle is 30 degrees, then the length of the tangent should not be less than 300 

meters, and the radius of the curve should not be less than 900m, but in most cases 

the distance of vision is not less than About 800 meters. 

The width of the navigation channels (or corridors) should increase at the bends to 

facilitate navigation, several methods are followed in this case, one of that is 



47 
 

increase the navigation channel width at the intersection point of the two inner 

tangents by 3.3 meters for every one degree of the angle of change in direction. 

The sides of the navigational lanes are identified at their beginning and along their 

extension by signs consisting of floating bodies that are fixed almost in their places 

by attaching them to hooks or concrete blocks resting on the bottom, as shown in 

figure (3-7). These bodies are called buoys, it must be distinguished day and night 

by providing them with illuminated lights. 

 

 

Fig (3-7) Floating Signs (Buoys)  

 

 

2- Width of the Navigational Lane: 

The width of the navigation lane is determined on the basis of the distance between 

the two lower feet of the slopes of the sides, or it is the width in which the bottom 

is at the design depth, and the width of the navigation corridor depends on the 

following factors: 

a- Width and speed of ship. 

b- If it allows passing one ship in a row or two ways for two ships. 
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c- The depth of the bottom in the navigation lane. 

d- Layout of lane, whether it is bordered by sides with a full depth or if it is in a wide 

sea. 

e- Balance the sides of the depth in the lane. 

f- Wind, waves and currents. 

Some navigation authorities recommend that the width of the lane be equal to Four 

times the width of the ship if the lane is used to cross ships in a row, while the width 

is equal to six times the width of the ship if any ship is allowed to cross another 

ship in the same lane. Based on laboratory and field studies, another method has 

been found to calculate the width of the navigational lane, where the total width is 

divided into: 

- The Capacity that ship occupies while at sea: 

It depends on the amount of control over the ship as explained in table (3-1), which 

is determined as follows: 

1- Very good control of the attacking military ships. 

2- Good control for military and new commercial ships. 

3- Poor control for old ships. 

Table (3-1) Width of lane according to type of ships 

Control Level Very Good Good Poor 

Width of lane vs ship width % 160% 180% 220% 

 

- The clearance between the two ships: 

A minimum clearance is (30) meters. 

- Clearance between ship and sides of channel: 

This clearance ranges between 60% and 150% of the ship’s width, depending on 

several factors, namely: 
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1- Degree of control over the ship. 

2- Speed of ship, where the clearance increases as the speed is permitted. 

3- Wind and currents. 

4- The ability of the sides of the drilling to be eroded by the movement of 

ships. 

5- Width increases if the sides of the shipping lane are submerged with water. 

 

 

 

3- Depth of Navigational lanes: 

It depends on several factors: 

1- The maximum draft of the largest vessel crossing the runway. 

2- Tides. 

3- Change in water density. 

4- The amount that the ship sinks due to the decrease in the water surface around 

it during its movement. 

5- The inclination of the ship in the longitudinal direction and the transverse 

direction when it is intercepted by the waves. 

6- The ship’s full draft is not fixed, which may increase at the front or at the back 

according to the speed at which the ship is moving. 

7- Situational factors related to the ease of movement of the ship and the efficiency 

of operating its engines in addition to the safety factor, and it is usually added to 

the depth to achieve these factors, half to one meter. 

 

3.2.2: Harbor Entrances: 

The harbor entrance is open in the breakwater to allow ships to enter or exit the 

water area, while the harbor may have more than one entrance, which is a necessary 
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condition in military harbors, and the entrance design includes the following 

elements: 

1- The entrance is located along the breakwater. 

2- Determining the width that guarantees the safety of the movement of ships 

through it, and at the same time, it must not be more big to prevent waves into the 

water area of the harbor. 

3- Determine the depths of the bottom at the entrance. 

4- The necessary protection works for the entrance. 

The main factors to choose the location of entrance are depends on winds in 

the area, waves and water currents and their ability to erode and settle, usually the 

entrance is located at the edge of the breakwater. 

To determine the entrance depth, the same conditions are applied to it that 

were mentioned in determining the depth of the navigational corridor, considering 

that the waves are at greater heights at the entrance, and that the sides are defined 

by breakwaters. 

Width of Entrance must be meets the requirements of navigation through the 

entrance, by ensuring the safety of the crossing ships, and that it achieves as much 

as possible not to enter the largest possible amount of wave energy, the number of 

entrances in a single harbor, the depth of the bottom and the characteristics of the 

winds, waves and currents, the entrance width ranges between 125 meters and 300 

meters depending on local factors, to  determine the width of the entrance according 

to the size of the harbor, as explained in table (3-2).  

Table (3-2) Width of Entrance 

 Small Harbor Medium Harbor Big Harbor 

Width of Entrance 90m 125m – 150m 150m-250m 
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3.2.2: Water Area of the Harbor: 

The water area of the harbor is determined according to the number and sizes of the 

ships, as well as according on depth of water in front of the harbor, In general, the 

required space is sufficient to establish the berths necessary for the berths of used ships 

for the harbor, in addition to a space sufficient for the rotation of ships so that they can 

navigate out of the harbor with their engines, and the water area of the harbor may 

increase to the extent that is sufficient for ships to dock on their anchors when they come 

to the harbor pending procedures Required or waiting to prepare the berth to which the 

ship will land, or for loading and unloading some goods to and from terminals. 

Since the area required to establish the berths is limited to the size of trade and the 

number of ship sizes, the effective factor in reducing the water area is due to what is 

allocated to the circulation of ships, and ships can change their directions in one of the 

methods. The choice of one of the methods used for the circulation of ships inside the 

harbor depends on the aforementioned factors as well as on the amount of movement 

within the harbor, figure (3-8) shows the area of water in front of harbor. 

 

Fig (3-8) Water area in front of a harbor 
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4. Planning of Breakwater:  

Breakwaters are created to protect the water area of artificial harbors and semi-natural 

harbors from waves, the position of the breakwater is determined according to the 

following factors: 

1- Direction of waves in the region, especially high height waves. 

2- Shape of the shoreline in the region and the expected expansion of the harbor. 

3- The water area that should be available in the harbor. 

4- Topography of the seabed in the region. 

The water area should not be less than the needs of the harbor, and it should not be 

large to the extent that it creates internal waves, and the water area may be greater than 

the required amount if there are shallow areas over which the breakwater can be 

established, so that its sector can be minimized and thus the costs are reduced. Its 

construction, however, the waves are an important factor in planning the barrier in terms 

of shape and in terms of the location of the entrance, and the direction of the waves is 

seldom fixed in the area, and therefore it is preferable that the harbor be two entrances so 

that ships use the least turbulent entries, and the figure shows different models for 

planning breakwaters and locations the entrance. 

In general, the planning of breakwaters is what expands the distance between the two 

barriers after the entrance quickly and then continues to widen to the base, just as one of 

the barriers protrudes from the other to protect the entrance, and that sharp angles are not 

allowed. 
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Fig (3-9) Water breaker in AL Fao Harbor 
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The compressed air emerging from the holes are air bubbles that are 

directed towards the surface of the sea and create currents 

The swirls of water opposite the direction of the waves, which helps to 

disperse part of the energy of the waves, as shown in( Figure 4.14) 

 

Figure 4.14 Pneumatic Breakwaters 

4.2  The type of breakwater proposed for a given area is 

determined by a specific set of factors: 

The depth of the sea floor along the breakwater.1 

2.The properties of the bottom soil, its viability, and its behavior under 

the influence of the different forces created by the barrier 

3.The natural phenomena in the region in terms of the properties of waves 

and the extent of tides and water currents 

4.Restrictions imposed on the expansion of water areas and the amount of 

space the proposed barrier occupies 

5.The cost of construction materials that are used in the construction of 

the breakwater 

6.Experiences supervising the implementation, types of available 

equipment and manpower 
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Figure 5-13 Typical Hammerhead Pier 

 

Design Step 3 - Select Preliminary Pier Dimensions 

Since the Specifications do not have standards regarding maximum or minimum 

dimensions for a pier cap, column, or footing, the designer should base the preliminary 

pier dimensions on state specific standards, previous designs, and past experience. The 

pier cap, however, must be wide enough to accommodate the bearing  

Figure 5-14 show the preliminary dimensions selected for the pier design example  
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Figure 5-14 Preliminary Pier Dimension 

Design Step 4 - Compute Dead Load Effects. Once the preliminary pier dimensions are 

selected, the corresponding dead loads can be computed. The pier dead loads must then 

be combined with the superstructure dead loads. In addition to the  dead loads, the 

weight of the soil on top of the footing must be computed 

Design Step.5 - Compute Live Load Effects.For the pier  design , the maximum live load 

effects in the pier cap, column and footing are based on either one, two or three lanes 

loaded (whichever results in the worst force effect) . See figure 5-15 
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Figure 5-15 Pier Live Loading  

 

 

 

 

 

 

Where :-  

R 5-c = Fifth lane reaction  

Rtruck = Truck reaction ( weight ) 
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IM = Dynamic Load Allowance  

PWheel = Wheel load  

Wlane = Distance between wheels  

 

Design Step 6 - Compute Other Load Effects 

Other load effects that will be considered for this pier design include braking force, wind 

loads, temperature loads, and earthquake loads. 

 The braking force per lane is the greater of: 

25 percent of the axle weights of the design truck or tandem 

5 percent of the axle weights of the design truck plus lane load 

5 percent of the axle weights of the design tandem plus lane load 

 

Where :- BRK = Braking force  

               BRKtrk=Braking force of the design truck  

               BRKtan=Braking force of the design tandem  

               BRKtrk-lan=Braking force of the design truck plus lane load  

               BRKtan-lan=Braking force of the design tandem plus lane load  

 

Design Step 7 - Analyze and Combine Force Effects 

The first step within this design step will be to summarize the loads acting on the pier at 

the bearing locations The loads along with the pier self-weight loads need to be factored 
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and combined to obtain total design forces to be resisted in the pier cap, column and 

footing. 

Design Step 8 - Design Pier Cap 

Prior to carrying out the actual design of the pier cap, a brief discussion is in order 

regarding the design philosophy that will be used for the design of the structural 

components of this pier. 

Design Step 9 - Design Pier Column 

the critical section in the pier column is where the column meets the footing, or at the 

column base. 

Design Step 10 - Design Pier Piles 

The foundation system for the pier is a reinforced concrete footing on steel H-piles. The 

force effects in the piles cannot be determined without a pile layout. The pile layout 

depends upon the pile capacity and affects the footing design. 

Design Step 11 - Design Pier Footing 

This includes the punching (or two-way) shear check at the column and estimating the 

applied factored shear and moment per foot width of the footing when adjacent pile 

loads differ. 

Design Step 12 - Obtain Final Pier Schematic see figure 5-16 
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Figure 5-16 Final Pier Schematics  

5-7 Dimensions of Pier 

5-7-1 Pier Length see figure 5-17 

Single Berth 

The length of pier or wharf should equal the overall length of the largest ship to be 

accommodated, plus an allowance of 50 feet (15.2 m) at each end of the ship. For aircraft 

carriers, increase the allowance at each end of the vessel to 100 feet (30.5 m). Multiple 

Berths The length of a pier or wharf should equal the total overall length of the largest 

ships simultaneously accommodated, plus clear distance allowances of 100 feet (30.5 m) 

between ships and 50 feet (15.2 m) beyond outermost moored ships. Container and 

RO/RO Berths 
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The length of berths used for container or RO/RO berths should account for the 

requirements of the container cranes or special ramps. Where shipboard ramps are used, 

provide adequate berth length to allow for efficient vehicle maneuvering Submarine 

Berths. 

For most classes of submarines, a 50-foot (15.2 m) end distance to a quaywall or 

bulkhead is adequate. The nose-to-tail spacing for multiple berthing should also be a 

minimum of 50 feet (15.2 m). However, large submarines such as the Ohio class (Trident) 

require 150 feet (45.7 m) or more nose-to-tail spacing and clearance to bulkhead or quay 

wall. Where explosive safety distance considerations require the use of fragmentation 

barriers, or specific separation distances, provide spacing adjusted per the requirements 

of NAVSEA OP-5, Ammunition and Explosives Safety. 
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Figure 5-17 show the different types of piers according to the length 
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5-7-2 Pier Width 

Pier width is indicated in Figure 5-18 . This definition also holds for U-, L-, and T-type 

wharves see figure 5-14. However, with reference to wharves, the width should be the 

dimension to a building, roadway, or other identifiable obstruction. . Review with specific 

functional requirements of the individual installation in mind before a final selection on 

width is made. Functional requirements include space for: cargo loading operations, line 

handling, ship maintenance, maintenance of utilities and layout of cables and hoses, solid 

waste collection, brows and platforms, crane operation, and other operations. For crane 

operation, consider crane outriggers, tail swing of crane counterweights, and overhang of 

vessels. For CVN’s, coordinate the tail swing of gantry cranes with the overhang of the 

flight deck and elevators considering available camels and potential list of the ship. Also, 

these dimensions should not be less than the widths determined by geotechnical and 

structural considerations see table 5-1. 

Figure 5-18 piers with U/L/T Type 



103 
 

Table 5-1 Typical Piers Width 
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