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Introduction  
Assuming that a late seismic tremor has pulverized the current water port situated on a Pacific 

Island and just a little port which can take up to 10 m draft vessel has survived. This port is the 

help to the nation. It is relied upon that between 200,000 to 600,000 TEUs of cargo would come 

as import throughout the following 10 years as rehabilitation efforts. Cargo would come from 

various nations in different amounts and should be shipped to the previously stated island from a 

bigger neighboring port. Port Relief which is deliberately situated in connection to the primary 

exchange courses in a neighboring nation has been chosen for shipping load to the previously 

stated island. I as a Port Engineer of Port Relief would be undertaking a survey of the 

circumstance and make proposal for updating the current 20 year old deepwater wharf to provide 

food for mother boats of 5000 to 7500 TEUs limit for shipping compartment to the nation. For 

shipment it is proposed that 1500 - 2000 TEU limit little daughter boats would be utilized as a 

result of the draft impediments in that nation. The current wharf is just 150 m and it is normal 

that this will be sufficient for meeting the necessity in that nation. The current wharf structure 

need considerable healing works however should be evaluated and fortified for the bigger 

vessels. Moreover the bumper framework should be changed to handle the bigger vessels and the 
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littler scope of vessels. I need to evaluate the size and amount of bumpers that should be pre-

requested on account of the long lead time for conveyance.  

Questions 
ñQuestions: 

You need to prepare a Brief for consultants to investigate the condition of the structure and to 

come up with the most cost effective option for the rehabilitation and upgrade of the structure to 

meet the needs for the next 20 years. (Hint - refer to lectures on durability, lifecycle and 

corrosion protection) 

Å Based on the information discussed in fender design and ships characteristics, estimate the size 

and number of fenders that will be required for budgeting purposes. Basis for selection of vessel 

characteristics and fender type must be discussed to demonstrate appreciation of the methods - 

source of information and relevant standards must be referenced. The calculations relating to 

fender sizing and number of fenders must be clearly set out. Any issues which will need to be 

taken into consideration for detailed design of the whole fender system by the fender specialist 

should be noted.ò 

Solution  
The Port should be urgently rehabilitated, fully furnished, and properly operated since it could 

hinder future cargo handling operations. The main problem identified is: 

o The existing port facilities are aging and some existing terminals and infrastructures are 

significantly degraded. 

o Insufficient understanding of terminal operation, post earthquake, as well as lack of 

modernized cargo-handling machinery and high indirect costs is hindering the productive 

operation of the Port. 

o Not suitable present dimensions of the container terminal for modern container handling. 

o Inadequate depth of the basin alongside the conventional terminal for bulk cargo handling. 

o Congestion at the port entrance road. 
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o The facility layout of the Port was designed as the railway terminal and it is not suitable for 

transport by trucks. 

The rehabilitation of the Port will be also important in terms of occupational health and safety. 

In conclusion, and as mentioned, the proposed Project is vital as the Port is expected to play a 

key role in the future development of the northern region and hinterland countries, which 

consequently will lead to an increase in employment opportunities and improvement in living 

standards of the region. 

Assumptions and Limitations  
The main study assumptions and limitations are listed below: 

Å Limitations intrinsic to the models applied (air quality, noise, oceanography). 

Å There is no ambient air quality monitoring undertaken at the port. Comment on the current state 

of ambient air quality is therefore based on observation made by air quality expert during the site 

visit. The expertsô understanding of air quality and emission sources is also applied. 

Å The air quality assessment is based on emissions from the proposed Port rehabilitation and 

expansion project only. Background concentrations to account for other sources have not been 

taken into account. Specialist judgment of ambient concentrations resulting from lesser sources 

of emission from the various construction activities is made based on the nature of the activity, 

the relative source strength and the nature of the pollutant. 

Å There is no noise monitoring undertaken at the port site. Comment on the current state of noise 

is therefore based on some measures made by noise expert during the site visit. The experts 

understanding of noise and emission sources are also applied. 

Å Data collected regarding traffic was limited but nevertheless considered representative. 

Å Certain details of the project, including some equipment that will be used during construction 

and operation, effective number of workers (including foreign) are still not known. The EIA 

consultants have therefore had to make some assumptions and define the likely operating 

parameters based on the best available information and past experience acquired by the 

consultant. 
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ÅThe future development of the port is unknown (there is some scenarios developed but they are 

always uncertain) therefore, for instance, future cargo and containers handling, maritime and 

land transport network, air pollutants, noise and wastewater sources, are only a forecast. 

Å Insufficient information is available to assess with rigor the impacts relating to the operational 

and decommissioning phases of the Port project. This lack of information is overcome, as 

possible, with specialistôs judgment. 

Rehabilit ation Project Components: Brief description  
This subchapter describes succinctly the Project components, according to the phases they will 

be implemented. 

Phase 1 

Prior to the construction works described below, a temporary road and gate will be constructed 

between the existing road located on the east side of the entrance road of the port and the east 

side of the office in the port. Since all trucks and vehicles related to the construction will not pass 

through the gate of the Port or the entrance road, regular port operations will not be affected. 

Also before construction at sea, the transportation routes of the barges near the Port will be 

decided. 

Other mitigation methods to avoid obstruct regular port operations will also be discussed. 

Suitable actions, such as partial execution, specifying the execution areas and employment of a 

safety guard will be required. 

Bypass access road 

The access road will be constructed on the coast connecting from the existing road to the south 

of the South Wharf. The road will have approximately. 1,0 m x 10 m. Since the road will be 

constructed on the coast, revetment works will be needed before the road is constructed. The 

main construction methods are described below. 

Revetment works 
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Rubble will be deposited with a slope gradient of 1:2.0 (sea side) and 1:12 (land side) at a fixed 

position by using, in particular, a barge with a crane. Deposited rubble will be trimmed by divers 

and then it will be covered by armor stone (sea side only). The total volume estimated of rubble 

and armor stone for the revetment is around 64,000 m3. 

To prevent accidents, the working area will be marked by buoys and a safety patrol boat will be 

available. Additionally, before construction, the transportation routes of the barges on the sea 

near the Port will be decided through discussions between the contractor and the responsible 

persons in the Port. 

Road works 

One-way backfilling work will be executed from the landside to the South Wharf. Backfill 

material (included dredged materials from the north wharf) will be dumped along the revetment. 

It will be spread and compacted by, for instance, bulldozers, etc. The total estimated volume of 

backfill for the road works is approximately 52,000 m3. Lower and upper sub-base will be laid 

with appropriate materials to reach the fixed degree of compaction. The access road will be 

paved with concrete after sub-base and gravity concrete wall works are completed. Concrete 

pavement will have approximately 8,500 m2. As there is no manufacturer of material for asphalt 

concrete pavement in the port, concrete pavements with high durability and lower costs should 

be selected as the capital investment. Concrete pavements are easy to maintain and repair 

because a small concrete mixers and materials are available in the port site. By-pass access road 

will be constructed for dry bulk cargoes and general cargo so that each zone has a respective 

access road. This will prevent congestion at the main gate. 

Installation of fenders in the South Wharf  
At present, instead of fenders, tires are hung in front of the wharf; however, tires get seriously 

deformed when ships are touching the wharf, resulting in transmission of a high rate of berthing 

energy to piles. Consequently the tires should be urgently replaced by fenders. Installation of 

rubber fenders of cylinder type (Figure 8) at intervals of 12 m and with an anti-impact-load plate 

is recommended. The type and size of a rubber fender is selected so as to minimize transmission 

of shipsô energy to the deteriorated wharf structure. The fenders should be dimensioned for a 
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maximum shipôs berthing energy of about 320.4 kN-m. This dimensioning allows ships (oil 

tanker) with maximum size of a 50,000DWT with approach velocity of 0.1 m/s to moor. 

The cylinder type is also selected because the fenders can be hung with chains fitted on the 

sound concrete slab without drilling the damaged concrete of the front walls for their fitting. The 

fixing place can therefore be selected at locations where front walls and first row of piles are 

structurally fixed, and horizontal and slanting beams are connected with the front three piles. As 

a result, intervals between fenders should be 12 m (locations of piles structurally strengthened). 

Regarding the elevation for fitting fenders JICA (2011) refers that an elevation of 3.15 m above 

Chart Datum (CD) is sufficient considering the shipsô sizes and the wide tidal range. 

The fenders will be installed on the South wharf by using a truck crane during times when freight 

vessels are not berthed at the wharf. The fender system should be well maintained and chains 

supporting rubber fenders should be replaced every five years. If rubber fenders are seriously 

damaged, they should be replaced immediately for protecting the wharf structure. Rubber fenders 

fixed at the oil terminal for well maintaining anti-impact-load plates should be inspected every 

month.  

Harbor Geometry  
The site for a proposed container port is sheltered from wind and swells waves, but experiences 

long period infra-gravity waves with a peak period of 90 s. 

Å For each of the harbor basins shown below calculate the harbor resonance period. Depth is 12m 

for all basins. 

Å Which of the basin layouts is least likely to have problems with long period waves? Why? 

Which is most likely? Why? 

Solution 

Harbor Resonance periods, T z n = TnãgH/(2L) 

The ratio is evaluated as T  zn/ Tn= ãgH/(2L) 

So for each of the given harbor basins, we have H = 12m 



8  

 

1) For first basin L=  1000m 

So the resonance is sqrt(120)/2000 = 0.0055 

2) For second basin L = 700m, Other parameters being same,  

We have =+SQRT(120)/1400 = 0.0078 

3) For third basin L = 800m, Other parameters being same,  

We have =+SQRT(120)/1600 = 0.0068 

  

Tides  
Harmonic analysis of tidal measurements at a port site and has quantified the principal tidal 

constituents for the site: 

Constituent Amplitude Period Phase lag 

R (m) (hours) {ǇŜŜŘΣ ˖ όǊŀŘƛŀƴǎκƘƻǳǊύ ʊ όǊŀŘƛŀƴǎύ ŀǘ ƳƛŘƴƛƎƘǘ 
0:00 on 1 Jan 
201 

          

M2 1.68 12.42 0.506 -1.51 

S2 1.02 12 0.524 0.22 

K1 0.24 23.93 0.263 0.01 

O1 0.15 25.82 0.243 3.09 

Predict the tide height, relative to mean sea level, every hour for the month of January 2010 and 

present as a time series plot. 

Hint: In a spread sheet, use the formula: to predict the hourly height. 

Solution 

The height can be given by the Fourier Transform f(t) = H cos(at + \phi). The time t is measured 

in hours, and f comes out in feet. The numbers H,a,\phi are the amplitude, the speed and the 

phase of the constituent. 

The calculations are done using the excel sheet.  

Constituent Amplitude Period Phase lag Height 

R (m) (hours) {ǇŜŜŘΣ ˖ όǊŀŘƛŀƴǎκƘƻǳǊύ ʊ όǊŀŘƛŀƴǎύ ŀǘ ƳƛŘƴƛƎƘǘ 
0:00 on 1 Jan 
201 

Height (27th 
Jan, 2010) 

          
 M2 1.68 12.42 0.506 -1.51 0.10431297 
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S2 1.02 12 0.524 0.22 0.994332142 

K1 0.24 23.93 0.263 0.01 0.23995004 

O1 0.15 25.82 0.243 3.09 -0.149725402 

 

 

 

Å What are the times and heights of high and low tide on the 27th Jan 2010, to the nearest hour? 

Is this spring or neap tide? 

High = 0.994332142,     Low = -0.149725402 

It is clearly a spring tide as we have a high and low 

Å Using formula given in the lecture notes, estimate the tidal range? Would you characterize the 

tide as diurnal or semi-diurnal? 

The range = 1.144057544 and is a semi diurnal tide 

Marinas  
A marina site in a busy harbour is protected from swell waves but is exposed to significant wind 

waves from one direction, with the following characteristics: 

50 yr average return interval: H = 0.9 m, T = 3 s 

1 yr average return interval: H = 0.6 m, T = 2.5 s 
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Using the information given in the lecture notes, select a suitable configuration for a floating 

breakwater to achieve a ógoodô wave climate within the marina. Comment on vessel orientation 

within the marina. What other types of waves should also be considered? 

Solution 

Criteria for ñGood wave climate in the marinaò 

Wave height Ht in a marina should acc. AS 3962-2001 shall be: ï normal: up to about 23cm ï 

for a short period of time, such asa storm about 37cm, but may exceed 1 yr. ï 50 years of age is 

accepted that a storm gives approx 60cm wave heights in the harbor. 

At 400m hair length, 5m deep water and average wind speed 20m / s are usually formed about 

35cm high waves, ie vågdämpare should be considered.  

At long wavelengths / swell can also be very low wave height be troublesome!  

Each site is unique and must be studied individually. 

Coastal Processes and Modeling  
Different formulae for long shore sediment transport were provided in the lectures. Why is the 

ñQueensò formula considered a better formulation than other formulas? Illustrate the importance 

of wave period by using the Queens formula to calculate sediment transport for two wave period 

scenarios of 4 seconds and 16 seconds. In both cases use a breaking wave height of 1.5 metres. 

Make appropriate assumptions for values of other parameters in Queens formula and justify 

them. 

Solution 
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This is in the context of performance of the sediment transport models. Amongst the bulk 

predictors the Queen's formulations clearly performed better than the CERC formula. For the 

detailed predictors the Ackers and White derivations appear to be extremely sensitive to current 

velocities particularly when they exceed a threshold of about 1 m/s. The latest of these 

derivations reported in Swart and Fleming (1982) appeared to give results closest to the 

measured values. The Engelund and Hansen adaptation gave results that were quite comparable 

to the Ackers and White adaptations, but generally over-predicted transport rates, not 

surprisingly as it does not contain any threshold of movement criterion. Nevertheless it is 

extremely simple to apply. Results from the Fleming and Nielsen based models were comparable 

for many conditions, but the latter have proved to be by far the most stable in this application. It 

is therefore concluded that the Nielsen based models gave the best overall performance of all the 

detailed predictors tested. That was not without some anomalies related to varying grain sizes 

and wave heights which appeared to change the bed roughness in the opposite sense to the other 

models. 

To summaries predictions of alongshore transport rates have been made using both bulk energy 

and detailed predictors which rely on computed alongshore current distributions. Estimates have 

shown (i) the sensitivity of the detailed predictors to the friction factors used which are indirectly 

dependent upon the ripple roughness model, (ii) the magnitude of error that would have occurred 

from using an unverified deep water wave hind cast model, (iii) the magnitude of error that 
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would have resulted in using an offshore wave climate transformed by consideration of 

refraction alone and (iv) a close comparison in results between measured and predicted rates 

when the improved method of estimating the near shore wave climate is used. The best 

prediction of net volume transported was largely within the range of volumes deduced from 

various field measurements. However, there is considerable scope for improvement of the 

sediment transport predictors. 

 

Durability and lifecycle  
ñDiscuss the stages/process of deterioration for concrete structures exposed to a marine 

environment and provide a considered argument as to what stage of deterioration should the end 

service life of a structure be declared. The stages of corrosion of reinforcement 

Solution  

When the concrete charges is established around this steel, the mixing water penetrates through 

the pores of the rust, where it gradually forms the hydrated calcium ferrite (4.CaO. Fe 2 O 3. 13H 
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2 O ). But above all, this water reacts with the metal steel and forms thereon a thin layer of iron 

hydroxide [Fe (OH) 2] and calcium [Ca (OH) 2]. All of these products in the vicinity of the steel 

gives to the pore solution of the concrete a high pH of around 13. It should be noted that in 

contact with the initial rust, cement hydration is disturbed: this locally forms a transition zone, 

beyond which the concrete is more homogeneous characteristics. The mixing water of concrete 

makes it possible to form around the steel products, which protect the passivation. More exactly, 

in the rust, a reinforcement is covered with a thin protective layer of white goods, based on 

ferrite and calcium hydroxide. Such protection is lost if the pore solution is gone (for large 

cracks that reach the frames) or no longer corresponds to sound concrete. 

The corrosion with reinforcements of rust in concrete has two phases. In a first phase (or stage), 

the aggressive components, such as carbon dioxide (CO 2) or chlorides (Cl -) present in the 

surrounding medium, penetrate into the concrete. This is the stage of incubation (1). The second 

stage (2) is that known propagation that begins when these aggressive body are present in fairly 

high concentrations in the reinforcements. It corresponds to the growth of mildew, which can 

then pop the concrete cover (3).  

These steps are described as follows:  

¶ a first step for the transport of aggressive substances (mainly carbon dioxide and 

chlorides), water and oxygen, leading to corrosion initiation (depassivation frames),  

¶ a growth step, which leads to damage to the concrete and chipping, spalling, fractures, 

etc. It starts when these aggressive body are at sufficiently high concentrations in terms 

of frames. 
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