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INTRODUCTION 

The present project is a result of an extensive study regarding Whitby‟s infrastructural 

problems. 

Whitby is a relatively small town, populated with 13.594 residents (figure taken from the 

UK census that took place in 2001). 

Despite its size, it is one of the UK‟s most popular tourist resorts, mainly thanks to its 

cultural inheritance as well as several other unique qualities such as closeness to the sea 

and atmospheric landscape. 

Some interesting historical landmarks related to the town‟s personality are the old nautical 

and whaling traditions, the jewelry industry that was very prestigious in its time and the fact 

that it was also Captain Cook‟s homeland. 

The town‟s landscape has also been instigating the artistic inspiration; the most 

characteristic example is its involvement in the horror novel „Dracula‟. 

A careful look on the town‟s everyday life can reveal much about recurrent problems that 

can be solved by introducing several key infrastructural improvements. 

The project is divided into 5 parts: 

1. Site investigation (carried out by all team members). 

2. Initial considerations (By George Bekas & Anna Spyropoulou). 

3. Traffic (By Dionisis Lampridis & Theofanis Tzompras) 

4. Sustainability (By Tilemahos Passadis) 

5. Risk Assessment (By Antonis Moraris) 

 

Evidently, the first two parts deal with the identification of the problems, whereas the 

others focus on proposing viable solutions in a more detailed way. 
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CHAPTER 1 

Site investigation 

Foundation engineering in Whitby’s area; an overview on successful cases.  

After fulfilling the site investigation and studying the geological data of the area, it was 

made clear that the most successful examples of foundation methods used in the adjacent 

structures, were the following: 

 Raft foundation: 
Foundation method commonly used in buildings.  

It ensures an equal distribution of the loads imposed by the upper structure and effectively 

transfers them to the soil, in a way that minimizes the risk of differential settlement. 

During the site investigation, the design group noticed the negative effects of this 

phenomenon. (Housing on Henrietta Street, Whitby) 

 Piers: 
Foundation method used in bridge engineering to bear the increased loading. 

Due to significance of the works proposed in this project, a careful study of the mechanical 

behavior of the soils is needed, in order to meet the EUROCODE-8 requirements 

regarding large scale works. 

Therefore, wherever the design group decides to place the new infrastructural facilities,  

a sequence of borings must take place to provide further details via the collection of soil 

samples. The number of the samples taken depends on the significance of the proposed 

civil engineering work. 

To achieve a better level of overall accuracy, the samples should be collected from various 

locations. 

The conclusions about the soil samples taken, will determine if the examined soil stratum 

has a sufficient bearing capacity to carry the loads imposed by the proposed structures. 

In case that the geological stratum‟s bearing capacity would be insufficient, advanced 

geotechnical methods should be applied: 

 

 Piles: 

They would allow the loads to be carried to more stable geological strata. 

 Soil improvement: 
Stabilization technique that can be applied especially in locations, where the soil erosion is 

critical. 

It is also noteworthy to mention that in cases where the soil‟s humidity is high, insulation 

measures must be taken in order to protect the foundations. 
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Highest/Lowest Water Level Data in Whitby in 2009 

 

January 2009 

Highest water level in morning was 5.7m on Monday 12/01/09 Time: 4:31 and Tuesday 

13/01/09 Time: 5:19 

Lowest water level in morning was 0.5m on Wednesday 14/01/09 Time: 00:02 

Highest water level in afternoon was 5.9m on Monday 13/01/09 Time: 17:30 

Lowest water level in afternoon was 0.6m on Wednesday 13/01/09 Time: 11:30 

 

February 2009 

Highest water level in morning was 5.7m on Wednesday 11/02/09 Time: 5:03  

Lowest water level in morning was 0.6m on Friday 13/02/09 Time: 00:20 

Highest water level in afternoon was 6.0m on Wednesday 11/02/09 Time: 17:11 

Lowest water level in afternoon was 0.4m on Tuesday 10/02/09 Time 23:02 and 

Wednesday 11/02/09 Time: 23:42 

 

March 2009 

Highest water level in morning was 5.6m on Thursday 12/03/09 Time: 04:39  

Lowest water level in morning was 0.9m on Monday 30/03/09 Time: 00:54 

Highest water level in afternoon was 5.9m on Thursday 12/03/09 Time: 16:49 

Lowest water level in afternoon was 0.5m on Wednesday 11/03/09 Time 22:39 and 

Thursday 12/03/09 Time: 23:10 

 

April 2009 

Highest water level in morning was 5.5m on Monday 27/04/09 Time: 06:04  

Lowest water level in morning was 1.0m on Friday 10/04/09 Time: 11:22, Saturday 

11/04/09 Time: 11:57, Sunday 12/04/09 Time: 00:19, Sunday 26/04/09 Time: 11:35 and 

Tuesday 28/04/09 Time: 00:37   
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Highest water level in afternoon was 5.6m on Thursday 09/04/09 Time: 16:46, Friday 

10/04/09 Time: 17:25, Sunday 26/04/09 Time: 17:39 and Monday 27/04/09 Time: 28:23 

Lowest water level in afternoon was 0.7m on Wednesday 08/04/09 Time: 22:34 and 

Thursday 09/04/09 Time: 23:11 

 

May 2009 

Highest water level in morning was 5.5m on Tuesday 26/05/09 Time: 05:46 and 

Wednesday 27/05/09 Time: 06:31   

Lowest water level in morning was 0.9m on Monday 25/05/09 Time: 11:19 

Highest water level in afternoon was 5.6m on Monday 25/05/09 Time: 17:25 

Lowest water level in afternoon was 0.8m on Tuesday 26/05/09 Time 12:06, Wednesday 

27/05/09 Time: 12:56 and Thursday 28/05/09 Time: 13:49  

 

June 2009 

Highest water level in morning was 5.7m on Thursday 25/06/09 Time: 06:21 and Friday 

26/06/09 Time: 07:09   

Lowest water level in morning was 0.9m on Tuesday 23/06/09 Time: 11:10 

Highest water level in afternoon was 5.6m on Wednesday 24/06/09 Time: 18:07 and 

Thursday 25/06/09 Time 18:58 

Lowest water level in afternoon was 0.5m on Thursday 25/06/09 Time 12:52 

 

 

July 2009 

Highest water level in morning was 5.8m on Sunday 26/07/09 Time: 07:37   

Lowest water level in morning was 1.0m on Friday 24/07/09 Time: 00:07 and Saturday 

25/07/09 Time: 00:51 

Highest water level in afternoon was 5.7m on Thursday 23/07/09 Time: 17:56 and Friday 

24/07/09 18:42  

Lowest water level in afternoon was 0.3m on Friday 24/07/09 Time 12:40 

 

August 2009 
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Highest water level in morning was 6.1m on Saturday 22/08/09 Time: 05:46 and Sunday 

23/08/09 Time: 06:28   

Lowest water level at morning was 0.4m on Friday 21/08/09 Time: 11:36 

Highest water level in afternoon was 5.8m on Friday 21/08/09 Time: 17:38  

Lowest water level in afternoon was 0.3m on Saturday 22/08/09 Time 12:19 

 

September 2009 

Highest water level in morning was 6.1m on Sunday 20/09/09 Time: 05:24   

Lowest water level in morning was 0.5m on Saturday 19/09/09 Time: 11:12 and Sunday 

20/09/09 Time: 11:52 

Highest water level in afternoon was 5.7m on Friday 18/09/09 Time: 16:33, Saturday 

19/09/09 Time: 17:14 and Sunday 20/09/09 Time: 17:53  

Lowest water level in afternoon was 0.7m on Monday 21/09/09 Time 12:28 

 

October 2009 

Highest water level in morning was 5.8m on Sunday 18/10/09 Time: 04:20, Monday 

19/10/09 Time: 05:01 and Tuesday 20/10/09 Time: 05:42   

Lowest water level in morning was 0.8m on Saturday 17/10/09 Time: 10:08, Sunday 

18/10/09 Time: 10:47 and Monday 19/10/09 Time: 11:24 

Highest water level in afternoon was 5.6m on Saturday 17/10/09 Time: 16:09, Sunday 

18/10/09 Time: 16:49, Monday 19/10/09 Time: 17:25 and Tuesday 20/10/09 Time: 08:02 

Lowest water level in afternoon was 1.1m on Wednesday 07/10/09 Time 12:33, Monday 

19/10/09 Time: 23:00 and Tuesday 20/10/09 Time 23:38  

 

November 2009 

Highest water level in morning was 5.6m on Tuesday 03/11/09 Time: 03:39, Wednesday 

04/11/09 Time: 04:18 and Thursday 05/11/09 Time: 05:00   

Lowest water level in morning was 1.1m on Tuesday 03/11/09 Time: 09:58 and 

Wednesday 04/11/09 Time: 10:35 

Highest water level at afternoon was 5.6m on Wednesday 04/11/09 Time: 16:42 

Lowest water level at afternoon was 1.1m on Wednesday 04/11/09 Time 22:55 
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December 2009 

Highest water level in morning was 5.6m on Thursday 03/12/09 Time: 04:04, Friday 

04/12/09 Time: 04:50 and Saturday 05/12/09 Time: 05:40   

Lowest water level in morning was 1.0m on Sunday 06/12/09 Time: 00:22 

Highest water level in afternoon was 5.6m on Thursday 03/12/09 Time: 16:24, Friday 

04/12/09 Time: 17:07 and Saturday 05/12/09 Time: 17:54 

Lowest water level in afternoon was 1.0m on Thursday 03/12/09 Time 22:45 and Friday 

04/12/09 Time: 23:31 

 

Conclusion: During the year 2009 the highest water level was 6.1m observed on 

Saturday 22/08/09 Time: 05:46 and Sunday 23/08/09 Time: 06:28 in the morning periods 

and 6.0m on Wednesday 11/02/09 Time 17:11 in the afternoon. 

The lowest water level of 2009 was 0.4m observed on Friday 21/08/09 Time 11:36 in the 

morning and 0.3m on Friday 24/07/09 Time 12:40 and Saturday 22/08/09 Time 12:19 in 

the afternoon. 
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Figure 1.1: Tide tables of Whitby in 2009 
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Upper Harbour: 

The term Upper Harbour refers to the southern part of Whitby‟s harbour, starting from the 

Swing Bridge. 

The most important conclusions that can be derived from a closer look on the Upper 

Harbour deal with the implications that its proximity to the sea can cause on the structures. 

 

 

Figure 1.2: Aerial view of Whitby 

First and foremost, the area is majorly affected by the negative outcomes of the recurrent 

flooding. 

There have been no sufficient fortifications against it and to make things worse, it is 

predicted that the climate changes will cause a rise in the level of River Esk, in the near 

future. 

Moreover, the effects of the area‟s windy, humid environment should be taken into account 

in the design of any proposed civil or structural engineering works. (Selection of corrosion-

resistant materials, provision for proper insulation methods to protect the foundations from 

the wet soil, safe distance from the river) 

At the middle of the Upper Harbour, the yacht marina is a remnant of Whitby‟s old nautical 

tradition. It shows signs of aging, instigating the idea that it needs renovation or 

redevelopment. Another rather unpleasant view is the accumulation of sea-waste or mud, 

at several points of the River Esk.  



 13 

The existing land uses consist of private residences (East cliff), car parks and public 

buildings (West cliff), trade (at both cliffs especially near the Swing Bridge). 

There is also much undeveloped space at the East cliff (northern part of the Upper 

Harbour, near the Swing Bridge), with notably high land values. The vegetation in that area 

contributes positively to landscape‟s overall attractiveness.  

The topography of the Upper Harbour is quite homogeneous without any significant height 

variations. 

At the end of the Upper Harbour, the High Level Bridge is a critical junction that connects 

Whitby to the nearby cities and handles significant traffic flows. (Though A171 road) 

 

Figure 1.3: Road map of Whitby 

Regarding the area‟s geology, the prevalent soil in the upper strata is boulder clay, 

followed by a thinner stratum of sand that in turn is followed by a thick stratum of boulder 

clay (West cliff) or by middle and lower Deltaic series (East cliff). 

Therefore, as clay displays low values of bulk density, the expected bearing capacity of the 

soil in the upper strata, would not favour heavy structures. 
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Figure 1.4: Geological section presenting the soil stratification  

(image taken from the module’s notes) 

 

 

  

Figure 1.5: Key of the soil stratification  

(image taken from the module’s notes) 
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 Lower Harbour: 

 

Whitby Lower Harbour area is enclosed between the two main piers in the North all the 

way down to the Swing Bridge.  This area is marked by the red outline as shown in  the 

figure below. 

The arms of the two entrance piers extend out and into sea in a northerly direction leaving 

the entrance exposed to strong winds from the northwest through north-to-north east and 

protected from other directions.  

 

 

Figure 1.6: Whitby Town (Google Map). Lower Harbour Area shown in red outline. 

The Lower Harbour suffers flooding conditions quite often because of the high tides and 

surge load (due to low atmospheric pressures). Due to worsening climatic conditions, 

which some predictions indicate that will cause a rise in the level of River Esk, areas within 

the Lower Harbour may have severe flooding problems in the near future.  

The areas which are at higher risk are shown in the figure below marked in blue. 
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Figure 1.7: Whitby Town Lower Harbour Area. Flood risk areas shown in blue. 

Furthermore the area of Whitby and in particular that of the Lower Harbour suffers from 

bad weather conditions. The windy and humid environment and its proximity to the sea 

water are serious points for consideration in the process of any construction or further 

development evaluation. Due attention should be applied not only in the design but also in 

the selection of the materials to be used.  
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Geological conditions in Whitby Lower Harbour. 

 

Figure 1.8: Lower Harbour Geological Strata 

 

 

Figure 1.9:Lower Harbour Geological Stratification Index 

 

From the figures above we may deduce the following as a geological profile:  

The West Cliff near section comprises of Boulder Clay in the upper strata followed by 

Lower Deltaic Series, while further out Boulder Clay then thinner Sand stratum and again 
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thick Boulder Clay.  Furthest West it changes to a thin stratum of Boulder Clay on top 

followed by thick strata of Upper and Lower Deltaic Series separated by a thin stratum of 

sand. 

The East Cliff comprises by Boulder Clay in the upper strata followed by Upper and Lower 

Deltaic Series separated by a thin stratum of sand. 

It is evident that the upper stratum is prevalent in Boulder Clay which due to its low values 

of bulk density may require special attention to the size of structures and type of 

foundation it may accommodate. 

 

 

Figure 1.10: A survey of Whitby and the surrounding Area 

 

                                                                                                                                                                                                                                                                                                                   

From  the map above of Whitby area above the Lower Harbour zone the main geological 

elements are: 

 Alluvium 

 Compacted cliff debris 

 Solid rock at or near surface 
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 Beach sand on solid rock 

 Vertical or near vertical cliffs of solid rocks 

 Glacial deposits dominantly boulder clay 

Borehole details  

Two boreholes exist in Lower Harbour area. These are BH26 and BH28 located in the Pier 

Road area   

From Borehole BH26 penetration data the following material strata were listed: 

 Sandy fine to coarse angular gravel of assorted lithology 

 Red orange silty fine to medium 

 Brown sandy subangular to subrounded gravel. Frequent cobbles 

 Clay with an angular to subrounded fine 

 Red sand 

 Silty clayey sandy angular to coarse gravel 

 Mudstone, light grey siltstone 
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Figure 1.11: Whitby Borehole location Plan. Boreholes 26 and 28 in Lower Harbour Area 

Borehole number 28 starting ground level was 4.61m AOB and  penetrated to a vertical 

depth of 28.15 m with final ground level of -23.15m AOD. 

During the penetration process the following strata conditions were observed. 
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 From Ground Level 4.61-4.41 at a depth of 0.20m of reinforced concrete 

 From Ground Level 4.41-2.41at a depth of 2.20m Very dense to dense yellow 

brown silty sandy subangular to angular fine to coarse cobbles and gravel of 

sandstone. Occasional brick fragments. (Made ground) 

 From Ground Level 2.41-0.31 at a depth of 4.30m Dense to medium dense yellow 

brown slightly sandy subngular fine to coarse gravel and cobbles of sandstone.  

Foreman reports boulders. (Possible made ground) 

 From Ground Level -0.31-(-0.74) at a depth of 5.35m Yellow brown sandstone 

boulder, strong.  

 From Ground Level -0.74-(-2.24) at a depth of 6.85m Brown slightly clayey fine to 

coarse sand. (Alluvium)   

 From Ground Level -2.24-(-3.34) at a depth of 7.95m Firm to stiff green grey slightly 

sandy clay with a little angular to subangular fine to coarse gravel of sandstone, 

occasional partings (<5mm) of brown fine sand and occasional pockets (<10mm) of 

orange brown fine sand. 

 From Ground Level -3.34-(-4.02) at a depth of 8.63m Brown fine to coarse sand 

with a little angular to subangular fine to coarse gravel of sandstone. 

 From Ground Level -4.02-(-4.84) at a depth of 9.45m Stiff red brown mottled green 

grey, grey and orange brown slightly sandy clay with angular to subangular fine to 

coarse gravel of sandstone and occasional pockets (<10mm) of orange brown fine 

sand.  

 From Ground Level -4.84-(-6.34) at a depth of 10.95m Brown sandy clay  

 From Ground Level -6.34-(-9.19) at a depth of 13.80m Black silty brown clay 

 From Ground Level -9.19-(-9.74) at a depth of 14.35m Dark brown sandy clay 

 From Ground Level -9.74-(-15.74) at a depth of 20.35m Brown sandy clay 

 From Ground Level -15.74-(-21.74) at a depth of 26.35m Grey clay silt 

 From Ground Level -21.74-(-21.84) at a depth of 26.45m Grey moderately 

weathered siltstone, very weak. 

 From Ground Level -21.84-(-23.54) at a depth of 28.15m were the borehole ends 

Grey thinly laminated moderately to slightly leathered siltstone. 
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East Cliff: 

East cliff is located on the area of the east pier near the east side of the Lower harbor 

zone. The most important problem of this area is the coastal erosion and flooding effects 

which need structures to maintain soil on the cliff to their existing condition. Additionally, 

structures which they reduce the wave effects in the area will have to be carefully 

designed, because of the corrosion. 

 

 

Figure 1.12: East Cliff area 

Another effect of the coastal erosion is the instability of the area of the Abbey, which is 

located at top of the East Cliff, as well as the buildings which exist above the beach in 

lower harbor zone.  

Sea level rising is predicted to take place in the area. This fact is also a threat for the cliff 

increasing the erosion problem. 

The first layer shown on the figure includes glacial tills. Glacial tills are part of glacial drifts 

which have been deposited directly by glaciers. The main effects of the glaciers are the 

erosion of the main valley and the deposition of glacial tills.  The second and the third layer 

include Middle Deltaic Series overlying the Eller Beck Bed and they have a 6m thickness 

approximately. Finally, below Eller Beck Bed there are sandstones, siltstones and 

carbonaceous clays of the lower Deltaic series, which have a thickness of 31,4 m 

approximately.  
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Figure 1.13: 3 layers from the top 

Below Lower Deltaic series (figure), there are 2 more layers which lie on the East Cliff. The 

first one (under Lower Deltaic series) is covered by a 0,75 m thick Dogger Sandstone. 

Dogger Sandstone and Lower Deltaic series are separated from a road which leads to the 

East side market. Under Dogger Sandstone, there is Alum Shale, which has a 12 m 

thickness. In Alum Shale exists the wave cut platform of the East pier. 

The main structures which exist on the East pier are the Abbey and some buildings to the 

North. These buildings have already suffered the effects of the erosion in connection with 

the flooding. Abbey exists in a larger height from the buildings, thus it hasn‟t affected yet.  

Corrosion resistant materials must be considered for any structure in the area, because 

the strength of the waves is very high, as well as the wind effects can also damage 

specific materials. The wind in this area is much stronger from the harbor zone, because of 

the Open Ocean near which don‟t create any physical block to the wind‟s route. 
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Figure 1.14: 3 layers from the ground surface and erosion prevention measurements 

Stones from Norway have been put near the Cliff, in order to prevent further erosion of the 

area. The stones are extended all along the shoreline and they are exposed to the wave 

effects. Flooding affects the wave height and the corrosion of the existing stones is 

changing all over the day. At low tide, Alum Shale is exposed and competent rock is 

shown. In the figure below, a wave cut platform is shown, as well as the competent rocks. 

This wave cut platform is almost vertical to the Alum shale wave cut platform and it 

contains an outfall pipe. 

The gravest effects of the erosion on the East Cliff take place at the Lower Deltaic series 

layer. Those effects directly influence the Abbey which is located just above. 

 

 

Figure 1.15: wave cut platform at low tide 
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West Cliff: 

To begin with, Whitby‟s west cliff is the side of town in which there are most of the 

hotels and motels. The West Cliff of Whitby is a landmark on its own. On this side of 

Whitby, there are two statues: the first one is the statue of Captain James Cook, who 

served his apprenticeship in the town and the second one is commemorating William 

Scoresby, inventor of the crow's nest. Also there is a whalebone arch to remind the large 

whaling industry of the past. This whalebone arch is not the original since the original one, 

is presented in Whitby Archives Heritage Centre. In the west cliff there is also a new 

science museum of Whitby‟s Wizard. The West Cliff area was developed in the 19th 

century by George Hudson whose aim was to develop the town as a fashionable spa 

resort.  A picture of the landscape of the West cliff is presented below: 

 

 

Figure 1.16: West Cliff area 

Moreover, except for referring to general information as well as relevant historical 

facts, the geology of Whitby should also be mentioned. Specifically, below the West Cliff 

there are 2.5 km of clean sandy beach ending at the picturesque village of Sanded. The 

beach is very popular with holidaymakers in the summer. The rocks exposed at the river 

mouth are primarily massive yellow and yellow-brown sandstones. On the other hand, 

there is no evidence of the Alum shale to west cliff. Lower Deltaic series (sandstones, 

siltstones, and mudstones) at the foot of the West Cliff have significantly different 

characteristics to their East Cliff counterparts. However, in some points on this rock, 

numerous fissures are revealed that will affect its engineering properties. 

http://en.wikipedia.org/wiki/James_Cook
http://en.wikipedia.org/wiki/William_Scoresby
http://en.wikipedia.org/wiki/William_Scoresby
http://en.wikipedia.org/wiki/Crow%27s_nest
http://en.wikipedia.org/wiki/Whalebone
http://en.wikipedia.org/wiki/Science_museum
http://en.wikipedia.org/wiki/Whitby_Wizard


 27 

 

 

Figure 1.17:  Lower Deltaic series 

Another point, which should be noticed, is the area under the Metropole Hotel. In this part 

of the west cliff erosion and slope instability are also presented as it is shown in the figure 

below. More specific in that area lays a buried river channel. This channel is filled with a 

soil layer of boulder clay which can be separated into upper and lower sections. 

Furthermore, this section‟s continues can be separated into horizons of fluvio-glacial sands 

and gravel. 

 

Figure 1.18: Erosion and slope instability 

The general geology picture of the west cliff is presented below: 
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Figure 1.19:  

 

                                                     Figure 1.21:  

 

                        Figure 1.20:  
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CHAPTER 2 

Initial considerations  

The following suggestions have been derived after thinking about several solutions 

corresponding to the design group‟s observations regarding Whitby‟s main infrastructural 

problems. 

1. Traffic-related solutions 

Description of the problem: 

Whitby is a popular tourist resort and attracts a significant number of non-local visitors 

during holidays.  

The existing road infrastructure consists of narrow roads and there are three main access 

routes towards the urban network. (A171 in the West, from Middlesbrough in the North, 

from Scarborough in the South) 

The town center consists of picturesque paths that offer opportunities for walking around a 

charming environment (ambient architecture, unique historical background, proximity to 

the sea). Nevertheless, there has been no strategical planning provision for the recurrent 

problem of congestion.  

Evidently, any proposed solution should point to: 

 Regulate the additional seasonal traffic, caused by the non-locals. 

 Enhance the pedestrian access in key districts in order to encourage trade land 
uses.  

 Improve the accessibility towards the town. 
 

 

High Level Bridge: 

The High Level Bridge is a critical junction that connects Whitby's urban network with the 

adjacent regions. 

It faces major problems such as high maintenance cost and insufficient capacity to handle 

the current traffic flows. A considerable amount of Whitby's residents that can't be 

employed in Whitby, work in the nearby cities; therefore the bridge is a part of their 

everyday life. 
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Figure 2.1: The High Level Bridge 

 

 

Objectives/Design criteria: 

 

 Relieve the town center from traffic congestion, by pedestrianizing specific districts.  

 Assess and minimize potential environmental risks. (noise, pollution, cultural 
inheritance) 

 Accordance with the planning regulations.  

 Offer satisfactory financial returns (new jobs to the locals and additional revenues to 
the town). 

 Cost. 

 Ease of access to construction site. 

 Adjacent land uses. 

 Aesthetic appeal (e.g. creation of green spaces or parks, arranged in a way that 
embraces the principles of landscape architecture). 

 Assess possible safety risks. 

 Public opinion. 

 Sustainability (Technical, environmental, social, economical). 

 Accordance with the planning regulations. 

 Provision for temporary solutions to provide access, in case of demolition or 
removal of any bridge. 

 

Solutions: 

 Park and ride facility: 
An area with parking places. In order to be environmentally friendly, it can be designed 

with a view to providing green and spaces that will embrace the principles of landscape 

architecture. The users will be able to park their personal vehicles and they will also be 

able to change towards the town center at the interchange, through public transport (e.g. 
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buses) or bicycles. There will also be places for cafes, shops, public telephones and 

comfortable points to sit.  

The ticket cost of the new bus routes should be determined with a view to offering a 

competitive alternative, in comparison with the other existing commuting facilities. 

 Underground parking inside the town: 

Even though, it is difficult to construct and too costly, this solution would effectively reduce 

the traffic as well as it would create extra space inside the town. Another advantage is that 

it would decrease the visual and environmental disturbance caused by cars. 

 Demolition of the High Level Bridge and construction of a new one at the 

same place: 

The bridge is too problematic to be maintained; therefore it should be replaced with a new 

one. The new one should be wider; so as to alleviate the traffic flows towards Whitby. Any 

proposed solution should cater for taking temporary measures about the access towards 

the urban network, until the construction of the new bridge will be completed. To achieve a 

greater capacity, the new bridge should also carry a double lane carriageway and wider 

footpaths. 

 Pedestrianization of specific districts inside the town: 
Especially, the fish market that relates to one of the town‟s personality can also be 

refurbished with a view to improving it aesthetically. Fish trade land uses should be 

encouraged and emphasis must be placed on preserving the local architectural style. The 

design group will also conduct a research in order to find more places that can be 

pedestrianized. 

 

 

 

 

 

 

 

 

 

Figure 2.2: The location of the fish market 
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 Improvement of the existing steam train facilities: 
There is only one railway line available to connect Whitby with other cities. Therefore, by 

adding more railway lines the accessibility towards Whitby would be improved. This 

proposal is obviously quite expensive. 

 Renovation of the existing railway station: 

After visiting the railway station, the design group noticed that it can be renovated in order 

to provide a friendlier environment to its users. 

 Enhancement of the commuting facilities: 
This measure can be accompanied with the Park and Ride scheme. Briefly, new bus 

routes and bus stops would be introduced to improve the accessibility potential.  

 Placing more road signs to improve the existing situation: 
The design group has noticed that the access routes towards Whitby can be improved by 

adding more roads signs and lighting.   

 Traffic restrictions at the town center: 
For instance, the council could divide the city in zones and apply specific traffic restrictions 

in each one. On the other hand, Whitby seems to be too small to apply such regulations. 

 

2. Access routes from East side to West side. 

Description of the problem: 

Because of the fact that the East side was inhabited quite recently in comparison with the 

West, the connection between them is poor. 

The Swing Bridge is the only point that provides access from one side to another. This 

results in unnecessary traffic congestion. Apart from that, the Swing is a historical 

monument; therefore any adjustment must be carried out thoughtfully. It‟s worth 

mentioning that the council spends a considerable amount of money for its maintenance. 

Objectives/Design criteria: 

 Decrease traffic congestion. 

 Minimize maintenance costs. 

 Ease of access to construction site. 

 Assess and minimize potential environmental risks. 

 Offer satisfactory financial returns. 

 Cost. 

 Aesthetic appeal. 

 Assess possible safety risks. 

 Public opinion. 

 Sustainability (Technical, environmental, social, economical). 

 Accordance with the planning regulations. 

 Provision for temporary solutions to provide access, in case of demolition or 
removal of any bridge. 
Solutions: 
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 Construction of two new bridges: 
This costly alternative would reallocate the traffic congestion and improve the 

interconnection between the two sides of the town. 

 Maintenance and improvement of the Swing Bridge: 
A conservative solution that would easily be accepted by the public opinion.Nonetheless, it 

wouldn't resolve the maintenance cost issues, resulting in the perpetuation of the financial 

losses for the town. 

 Removal of the Swing Bridge and construction of a new one at the same 
place: 

Despite its huge maintenance costs, the Swing Bridge is a popular monument linked to 

Whitby's heyday. Hence, Whitby's residents also have a special celebration that takes 

place to commemorate its construction. Another reason associated with the bridge's 

historical value is that the bridge was a state-of-the-art of its age. From a strictly 

economical standpoint, the bridge offers little advantage to Whitby, as its maintenance 

consumes a very considerable amount of the town's revenues. An ideal solution would 

respect Whitby's cultural inheritance, but would also be economically sustainable and 

increase the town's revenues. Accordingly, the design group's decision was that if the 

Swing Bridge would be removed as dysfunctional, it could be preserved inside a modern 

museum, with a view to preventing the rise of the public feeling. The new one could be 

designed, so as to resemble the old Swing Bridge. On the other hand, it should be wider in 

order to be able to handle double lane traffic flows, as well as larger footpaths -at both 

sides- for pedestrian access. 

 

 

 

 

 

 

 

 

Figure 2.3: The Swing Bridge is the only point inside the town, that connects the two sides 

 Tunnel construction near the town center: 
This alternative could be used to facilitate the pedestrian access from the East side to the 

West side. Nevertheless, it is a very expensive method and the construction risks are high. 

The excavations could damage the foundations of the buildings underneath the tunnel and 

generally the expected financial returns don't justify an investment of this magnitude, on 

this solution. 

 Do nothing: 
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In some cases the most effective solution is the one that doesn't alter the current situation 

at all. 

 

3. Coastal erosion, flooding, climate change effects. 

Description of the problem: 

The relatively recent climate changes along with the implications caused by the humid, sea 

water environment of Whitby (cliff erosion, degrading effects on the constructions), 

necessitate taking measures in order to face them.  

 

 

 

 

 

 

 

 

Figure 2.4: East cliff affected by the soil erosion, rip-rap installations 

 

 

 

 

  

                                               

 

 

 

 

 

   

Figure 2.5: Rocks intensely eroded (West cliff)   
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Coastal erosion: 

Solutions: 

Active protection: 

 Placing retaining walls in key positions to retain the cliffs: 
A relatively expensive defense measure that could be used merely in positions, where the 

stability of the slopes is critical. Evidently, an extensive study to estimate the slope stability 

of the cliffs should precede the construction of the walls. 

 

 

 

 

 

 

 

 

 

Figure 2.6: Costal Erosion (East cliff) 

 Soil stabilization via carefully installed organic materials (such as straw, mulch or 
wood chips) to slow down the 
corrosion rate:  

 

This technique takes advantage of an 

organic cover, used to retain the 

moisture and protect the soil. The 

organic cover usually consists of 

straw, mulch or wood chips. 

In most cases, netting is placed to 

support the cover. 

                Figure 2.7: Netting protecting the cliff 
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Passive protection: 

Use of corrosion-resistant materials: 

Because of the severe effects of coastal erosion, 

Whitby's sea water environment falls into the 

exposure class 4b. (Table 4.1 of EC2, ENV 1992-1-1) 

Consequently, the design of civil engineering works 

should cater for using the appropriate materials.In 

addition to this, most facilities should be designed to 

survive an expected lifespan of 50 (common 

structures) or 120 years (bridges), depending on their 

significance. (Table NA 2.1 of EC0) 

                                                                               Figure 2.8: Structure affected by the corrosive 

environment                       

(image taken from the module’s notes) 

Some relevant specifications regarding basic materials are mentioned below: 

Concrete constructions: 

 “Lowest grade of concrete: C40  

 Max w/c ratio: 0,50 

 Nominal cover for reinforcement (mm): 40 (35 for slabs). 

 Use of frost-resistant aggregates. 

 Minimum cement content for reinforced concrete (kg/m3): 325.” 
(Table 3.4 of BS 8110) 

Steel constructions: 

 Application of coating through galvanization to enhance expected average life of 
steel components. Whitby's environment falls into category 4, as regards its 
corrosion rates. In order to achieve a lifespan of 120 years, coating width must be 
around 240m. 

Sources: http://www.hdg.org.uk/ (Galvanizer's Association) 

Flooding: 

Description of the problem: 

A considerable amount of areas in Whitby, suffer the negative effects of flooding. Flooding 

occurs mainly in the vicinity of River Esk, especially near the Harbour Zone. This 

phenomenon results in damaging private properties, as well as creating a focus of 

infection. 
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WHITBY TIDE TABLES 2009 

 

Height above Ordnance 

Datum 

Tide Definition Height above Chart 

Datum (Figure on 

tables) 

 + 2.40m Mean High Water 

Spring 

  5.45m 

(MHWS) 

1.37m Mean High Water 

Neap 

  4.40m 

(MHWN) 

0.00m Ordnance Datum 3.00m 

Newlyn 

-1.1m Mean Low Water Neap 1.90m 

(MLWN) 

-2.2m Mean Low Water Spring 1.05m 

(MLWS) 

-3.00m Chart Datum 0.00m 

(Lowest astronomical   

spring tide) 

 

Table 2.1: Whitby tide tables 2009 (figure taken from the module’s notes) 

Objectives/Design criteria: 

 “Ease of access to construction site. 

 Degree of slope to the land in the area behind the shoreline. 

 Height of bank at shoreline. 

 Depth of water near shoreline at low pool. 

 Intended use of the shoreline area after the works are constructed.” 
(www.wikipedia.com) 

 Aesthetic impact. 

 Maintenance required. 

 Sustainability (Technical, environmental, social, economical). 

 Cost. 

 The design assumptions upon which the previous coastal defense methods were 
based.  
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Solutions: 

Upon the completion of their research about popular coastal management methods, the 

design group rejected: 

 The proposal of doing nothing. 

 The idea of realigning the structures “near the shoreline”. 
An approximate estimation derived by using the contour maps, predicts that a big amount 

of areas will be affected in the future, by the rise on the sea level. Therefore, the above-

mentioned coastal defense policies seem to be inefficient. Consequently, the proper 

measures that should be taken to face up to the implications, caused by the future rise of 

the sea level, are: 

 Seawalls placed in key-positions to protect the affected districts: 
Construction technique (usually built by concrete, masonry, or rock) used to defend 

regions subjected to flooding risks. The design group will also consider to backfill the 

construction with crushed rock, in order to fortify it against the dynamic loading exerted by 

the water flow. Cost estimated at £800 to £5,000 per linear meter. 

 

 

 

 

 

 

 

 

Figure 2.9: Seawalls used as a coastal defense policy 

 Enhancing the existing rip-rap installations: 
The durable rock material placed in large heaps is a reliable marine engineering method to 

dissipate the wave force. Apart from that, it has been already used; therefore enhancing it 

would be more cost-effective in comparison with proposing radically new solutions. The 

height of the existing installations has been designed to withstand effectively the current 

shoreline conditions. Nevertheless, due to the predictions regarding the future rise of the 

sea level, provision should be made to increase their height. The cost is around £300 per 

meter, depending “on the type of rocks used”. 
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Figure 2.10: The existing rip-rap installations 

4. Sustainability 

Description of the problem: 

“ICE defines sustainability in these simple terms: Meeting the needs of today, without 

compromising those of tomorrow.” (ICE: Manual about sustainable development) Civil 

engineering works change the built environment; therefore in many ways determine the 

future of the area they belong to. These changes influence the natural environment as well 

as the lives of the people to who they are addressed. Hence, any contemporary civil 

engineering work must be carefully designed so as to be sustainable. Sustainability is 

divided into four subcategories; technical, environmental, social and economical. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.11: Aspects of the sustainable development 
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Sources: http://greenprintsurvival.wordpress.com/2008/10/09/sustainability-models/, 28-11-2009 at 20:23 

Objectives/Design criteria: 

 Technical, environmental, social and economical sustainability. 
Solutions: 

Technical: 

Extensive use of sustainable materials (recyclable materials, local stones, lime 

hydraulic paint): 

One of the fundamental principles of the Sustainable development is to use sustainable 

materials in constructions. Some of them are: 

 Concrete with secondary aggregates made by previously used concrete. 

 Steel components that had been previously used in other constructions. 
The use of local stones and lime hydraulic paint will produce a built environment that 

blends in with the natural environment harmoniously and preserve the local architecture. 

Environmental: 

 Taking advantage of the forms of renewable energy (tidal, wind, solar, heat 
reclamation): 

Any sustainable approach should propose a plan to manage an area‟s energy resources in 

an environmentally-friendly way. (Reduce pollution, minimize energy losses) The area of 

Whitby offers many opportunities to take advantage of the forms of renewable energy that 

are abundant, in its vicinity. The design group‟s decision is to place tidal turbines in key 

positions, in order to use the energy of the tides. Furthermore, the town belongs to a windy 

region; therefore a study can take place to discover the windiest locations, where wind 

farms could be placed. It would be also a good idea to place solar collectors in buildings or 

use heat-reclamation techniques. 

 

 

 

 

 

 

 

 

 

Figure 2.12: Tidal turbines 

http://www.rushprnews.com/2008/09/29/scotland-a-world-leader-in-renewable-energy-tidal-stream 
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 Environmental  assessment  of  the  proposed  solutions: 
After having collected information about the environmental impact of the possible 

infrastructural solutions, the design group concluded that the below-mentioned 

environmental risks should be taken into account: 

 “Endangering any animal or plant species or other form of life, whether living on 
land, in the water or in the air (e.g. any danger to birds in the vicinity). 

 Clearing and modifying native vegetation (e.g. including trees, grasses, roots, herbs 
and aquatic species). 

 Displacing, disturbing or damaging terrestrial aquatic fauna (e.g. creating a barrier 
to fauna movements, clearing remnant vegetation or wildlife corridors, electrocution, 
collisions etc). 

 Generation of hazardous waste. 

 Generation of construction waste. 

 Environmental problems caused by generating, storing, handling, transporting or 
disposing of waste (e.g. soils, building materials, oils, solvents). 

 Contaminating or polluting land (e.g. storing, handling or disposing of oils, fuels, 
chemicals). 

 Disturbing contaminated soil (e.g. known contamination, old industrial site, previous 
landfill etc.). 

 Operation noise/ vibration (e.g. transformers, circuit breakers, powerline corona). 

 Construction noise/vibration (e.g. rockbreakers, concrete cutters, excavators, 
tracks, vehicles, cranes etc.). 

 Polluting waterways, wetlands, stormwater drains or groundwater (e.g. storing, 
disposing of oils, fuels, chemicals, pit/trench water or other liquids). 

 Sedimentation of waterways, wetlands, stormwater drains or groundwater (e.g. 
excavation, disturbing soil, concrete cutting, access track). 

 Effects of toxic materials. 

 Consumption of exhaustible natural resources (e.g. forests, soil, wild animals, 
minerals, fossil fuels etc.). 

 Carbon footprint assessment during construction or operation." 
(www.michanikos.gr) 

Social  &  Economical: 

It is taken for granted that a community‟s future is very much dependent of the 

infrastructure that deals with their everyday life.  An urban planning done with care will 

contribute to creating an independent community that will make prudent use of its 

environment‟s resources. 

 Creation of numerous new jobs: 
The future activities that will derive from the infrastructure improvement solutions 

suggested will create numerous new jobs. Emphasis must be placed on offering 

occupations addressing especially to young people. 
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5. Financial development / various suggestions: 

 

Description of the problem: 

 

After the design group‟s meeting with the Harbour Master, followed by a research in 

relevant bibliographical references, it was deduced that Whitby‟s main sources of financial 

revenue are the following: 

 Car parks.  

 The declining fishing industry. (According to a research, in 20 years time its 
contribution to Whitby's economy will be insignificant) 

 Tourism. (Nevertheless, there are not enough existing attractions to motivate 
tourists to prolong their stay) 

 Cargo handling industry. (It is also a declining activity) 
It can be easily inferred that any alternative financial scheme that would succeed the 

above mentioned declining activities should: 

 Be economically and socially sustainable. 

 Make good use of Whitby‟s qualities. 

Objectives/Design criteria: 

 Increase tourism. 

 Offer satisfactory financial returns (new jobs to the locals and additional revenues to 
the town). 

 Motivate visitors to prolong their stay. 

 Offer people an attractive environment. 

 Promote Whitby's cultural inheritance. 

 Maintenance required. 

 Cost. 

 Ease of access to construction site. 

 Aesthetic impact. 

 Public opinion. 

 Sustainability (Technical, environmental, social, economical). 

 Assess and minimize potential environmental risks. (noise, pollution, cultural 
inheritance) 

 Accordance with the planning regulations. 
Solutions: 

 Provision in order to provide a friendly environment for the disabled 
population groups. 

This proposal refers to enriching the urban environment with facilities addressing to people 

with disabilities. 
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 Extension of the existing marina: 
This solution has also been proposed by a relevant research that was conducted by 

Scarborough council. It would increase the touristic interest for Whitby and create jobs; 

however it must be supported by the creation of a yacht-club. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.13: the existing marina located on the Upper Harbour  

 Renovation of Captain Cook's museum: 
Even though, the town owes much of its fame to the fact that it was Captain Cook's 

homeland, the museum -devoted to him- is not advertised well. There are not many labels 

inside the town, to guide the visitors towards the attraction and its entrance's appearance 

needs improvement. 

 Construction of new hotel facilities (five-star with spa, conference center 
etc.): 

Whitby notably lacks the presence of a luxurious hotel. There are only some hotels offering 

services of lower quality. Hence, they offer little potential to attract wealthy tourists.  

Finding a solution to this, would have a certain impact on encouraging tourists to stay 

more days. A careful promotion that would highlight Whitby's prestige could probably be 

successful. Five-star hotels are also places where conferences can be held. Whitby can 

offer a competitive setting to host such events. The hotel can be designed to include the 

following facilities: conference center, spa, gym, swimming pools, lounge bar, hair saloon, 

deluxe restaurants, internet cafe etc. 
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 Creation of an educational institution: 
Whitby's unique historical background can offer the opportunity to its enthusiasts to study 

about its culture. This solution is socially and economically sustainable, as it would offer a 

continuous supply of jobs. It can be easily inferred that it would especially encourage the 

youth to stay in Whitby. 

 Creation of a museum about the town’s history: 

Whitby‟s has a remarkably unfulfilled potential in terms of making the best of its historical 

background. There is no museum to demonstrate the town‟s rich history (about whaling, 

fishing and ghost stories).  

 Creation of green areas and parks that will embrace the principles of the 
landscape architecture: 

Whitby lacks attractions to maintain touristic interest, so as to prolong their stay for more 

days. Apparently, this proposal would make a good and environmentally friendly attraction. 

Parks can also host facilities such as auditoria (for concerts, theatrical tours etc), 

fountains, cycling routes, cafes. 

 

 

 

 

 

 

 

 

 

 

Figure 2.14: Landscape architecture 
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 Creation of a lift to facilitate access towards the Abbey: 
The 199-steps leading to the Abbey is one of the town‟s main attractions. The creation of a 

lift to facilitate access would help people with disabilities as well as people that are 

reluctant to cross the steps for various reasons. The construction is expensive and its 

aesthetic impact must be carefully assessed so as to fit the local architectural style. 

 Construction of a leisure center or a mall: 
A leisure center aims to offer opportunities for recreation especially to younger people. To 

achieve this, it should focus on activities that attract their interest. Some of them could be: 

cinema, sport center, gym, cafes, bowling, shops, computer games, restaurants. 

 

 

 

 

 

 

 

 

 

Figure 2.15: 3D conceptual plan for the Leisure Center (Interior view) 

http://www.holdermathias.com 

28-11-2009 at 20:27 

 

 

 

 

 

 

 

 

Figure 2.16: 3D conceptual plan for the Leisure Center 
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http://www.holdermathias.com 

28-11-2009 at 20:27 

Conclusions: 

 All of the above mentioned proposals will be scored by all members of the design 
group, in conjunction with the extent to which they fulfill the design objectives.  

 The following factors play also a critical role in the feasibility of the civil engineering 
works that have been proposed by the design group: 

 Public opinion: 
Any of the above mentioned proposals should seriously take into account its impact on 

Whitby‟s people. Any responsible feasibility study must examine the particularities of the 

society to which it is addressed. The design group noticed that -being proud of their 

inheritance- Whitby‟s public is reluctant to change.  Letting Whitby‟s people know about 

the imminent implications their town would face, if they won‟t take the proper measures, 

could be a solution. Moreover, in some cases it is effective to contact influential people or 

use convincing marketing techniques. 

 Transportation of the materials: 
Whitby's roads are generally quite narrow and residential properties are close to each 

other. Therefore, the construction of large-scale projects is expected to cause traffic 

congestion, because of the additional traffic flow caused by the plants and the 

transportation of the materials to the sites. An efficient solution to this problem would be to 

use ships to transport the majority of the materials that will be used during the 

construction. This practice was successfully used in Whitby, in similar projects. 
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TABLE OF INITIAL CONSIDERATIONS 

Options 

A B C D E 

Traffic-related 
solutions 

Access routes from 
East side to West 
side 

Coastal erosion, 
flooding, climate 
change effects 

Sustainability 
Financial development of the 
area / various suggestions 

1 
Construction of 
parking areas at the 
town‟s entrances 

Construction of two 
new bridges (the one 
will be used for 
pedestrian access 
only) 

Enhancement of the 
existing rip-rap 
installations 

Use of sustainable 
materials 
(recyclable, local 
stones, lime 
hydraulic paint) 

Provision in order to provide a 
friendly environment for the 
disabled population groups 

2 Park and ride facility 
Maintenance and 
improvement of the 
Swing Bridge 

Construction of 
seawalls in key 
positions 

Taking advantage of 
the forms of 
renewable energy 
(tidal, wind, solar, 
heat reclamation) 

Extension of the existing marina 

3 
Construction of 
underground parking 
areas inside the town 

Demolition of the High 
Way Bridge and 
construction of a new 
one at the same place 

Realigning the 
structures near the 
shoreline 

Environmental 
assessment of the 
proposed solutions 

Renovation of Captain Cook's 
museum 

4 
Pedestrianization of 
specific districts inside 
the town 

Removal of the Swing 
Bridge and 
construction of a new 
one at the same place 

Do nothing   
Construction of new hotel 
facilities (five-star with spa and 
conference center) 

5 
Improvement of the 
railway access 
availability 

Tunnel construction 
near the town center 

Placing walls in key 
positions to retain the 
cliffs 

  
Creation of an educational 
institution 

6 
Renovation of the 
existing railway station 

Do nothing 
Soil improvement to 
slow down the 
corrosion rate  

  
Creation of a tourist attraction 
about ghost stories 

7 
Improvement of the 
existing steam train 
facilities 

  
Use of corrosion-
resistant materials 

  
Creation of a lift to facilitate 
access towards the Abbey 

8 
Enhancement of the 
commuting facilities   

      
Construction of a leisure center 
or a Mall 

9 
New bus stops inside 
the town 

      Creation of numerous new jobs 

10 
Placing more road 
signs to improve the 
existing situation 

      
Creation of a museum about 
town's history 

11 
Traffic restrictions at 
the town centre 

      

Creation of green areas and 
parks that will embrance the 
principles of landscaping 
architecture 

12         
Examination of the potassium 
minings and the alum extraction  

Table 2.2 
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Objectives/Design criteria for traffic congestion 

CRITERIA 
RANGE 

OF 
SCORE 

Relieve the town center from traffic congestion 
-40 to 40 

Assess and minimize potential environmental risks 
-20 to 20 

Accordance with the planning regulations -10 to 10 

Offer satisfactory financial returns (new jobs to the locals and additional revenues 
to the town) 

-40 to 40 

Cost -20 to 20 

Ease of access to construction site -10 to 10 

Aesthetic appeal  -25 to 25 

Assess possible safety risks -10 to 10 

Public opinion -30 to 30 

Sustainability (Technical, environmental, social, economical) 
-40 to 40 

     Footnote: 

    Highest possible score: +50  

    Lowest possible score:  -50 

    Table 2.3 
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Objectives/Design criteria for the access routes from 
East side to West side 

CRITERIA RANGE OF SCORE 

Decrease traffic congestion -40 to + 40 

Minimize maintenance costs -50 to + 50 

Ease of access to construction site -10 to + 10 

Assess and minimize potential 
environmental risks 

-20 to + 20 

Offer satisfactory financial returns 
-10 to + 10 

Cost 
-30 to + 30 

Aesthetic appeal 
-20 to + 20 

Assess possible safety risks. 
-10 to + 10 

Public opinion 
-30 to + 30 

Sustainability (Technical, environmental, 
social, economical) -40 to + 40 

Accordance with the planning regulations 
-10 to + 10 

Provision for temporary solutions to 
provide access, in case of demolition or 
removal of any bridge 

-25 to + 25 

     
Footnote: 

    Highest possible score: +50  

    Lowest possible score:  -50 

    Table 2.4 
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Objectives/Design criteria for costal 
erosion,flooding,climate changes effects 

CRITERIA 
RANGE 

OF 
SCORE 

Ease of access to construction site -15 to + 15 

Intended use of the shoreline area after the works are constructed -25 to + 25 

Aesthetic impact -30 to + 30 

Maintenance required -50 to + 50 

Sustainability (Technical, environmental, social, economical) -40 to +40 

Cost -30 to + 30 

The design assumptions upon which the previous coastal defense methods 
were based 

-10 to + 10 

     Footnote: 

    Highest possible score: +50  

    Lowest possible score:  -50 
 

Table 2.5 
     

Objectives/Design criteria for Sustainability 

CRITERIA RANGE OF SCORE 

Environmental -35 to + 35 

Social -35 to + 35 

Economical -30 to + 30 

Technical  -35 to + 35 

     
Footnote: 

    Highest possible score: +50  

    Lowest possible score:  -50 

    Table 2.6 
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Objectives/Design criteria for financial development  
& various suggestions 

CRITERIA 
RANGE 

OF 
SCORE 

Increase tourism -50 to + 50 

 Offer satisfactory financial returns (new jobs to the locals and additional 
revenues to the town). 

-30 to + 30 

Motivate visitors to prolong their stay -20 to + 20 

Offer people a friendly environment -30 to + 30 

Promote Whitby's cultural inheritance 
-20 to +20 

Maintenance required 
-40 to + 40 

Cost 
-20 to + 20 

Ease of access to construction site 
-25 to + 25 

Aesthetic impact 
-30 to + 30 

Sustainability (Technical, environmental, social, economical) -40 to + 40 

Public opinion 
-40 to + 40 

Assess and minimize potential environmental risks (noise, pollution). -20 to +20 

Accordance with the planning regulations -10 to + 10 

     Footnote: 

    Highest possible score: +50  

    Lowest possible score:  -50 

    Table 2.7 

 

 

 

 

 



 52 

 

 

An estimation of several construction costs (By George Bekas & Anna Spyropoulou) 

New Construction (cost per square meters) 

Bridge Type Low High Low  High 

Short Span Bridges:     

Reinforced Concrete Flat Slab Simple Span £788 £1.033 

Pre-cast Concrete Slab Simple Span*   £743 £1.292 

Medium and Long Span Bridges:     

Concrete Deck/ Steel Girder - Simple Span £710 £872 

Concrete Deck/ Steel Girder - Continuous Span  £807 £1.001 

Concrete Deck/ Pre-stressed Girder - Simple Span   £484 £904 

Concrete Deck/ Pre-stressed Girder - Continuous Span   £614 £1.001 

Concrete Deck/ Steel Box Girder – Span Range from 150' to 280' (for £937 £1.130 

curvature, add a 15% premium)     

Segmental Concrete Box Girders - Cantilever Construction, Span Range from £937 £1.130 

150' to 280'       

Movable Bridge - Bascule Spans and Piers   £11.625 £12.917 

* Increase the cost by twenty percent for phased construction.     

      

Bridge Demolition and Widening 

Bridge Demolition Low High 

Typical Bridge Removal £129,06 £322,65 

Movable Span Bridge (Bascule) £354,92 £451,71 

Project Type     

Bridge Widening Construction £613,04 £1.129,28 

   figure is taken from the following web site 
  http://www.dot.state.fl.us/planning/policy/costs 
  time:22:00pm, 10/11/2009 
  Table 2.8 
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CHAPTER 3 

Traffic and parking 

1. Pedestrianization  

In the West cliff and especially in the vicinity of low harbor, during the tourist season 

there is high traffic congestion caused by both vehicles and pedestrians. As a result of this, 

traffic jam is created in streets and the pavements are full of crowd. In order to avoid that 

situation our design team decided to pedestrianize the road from the Swing Bridge to west 

pier. More specifically the streets “St Ann‟s Staith”, “Haggersgate” and “Pier Road” will be 

pedestrianized and the car access will be prohibited. There will be exception only for the 

human powered vehicles (for instance bicycles). Moreover, currying vehicles could have 

access to these roads only during specific hours per day (5:00am-9:00am). The 

emergency vehicles (ambulance, police and fire extinguish vehicles) could have all day 

access. 

.   

Figure 3.1: Aerial view of the pedestrianized area 

Pavement Materials 

  The wearing surface receives and transfers the traffic wear into base, while it core 

and protect the base. There are two main types of pavement; flexible and rigid. Typical 

examples of those types are the asphalt and the reinforced concrete respectively. 

Table 3.1 

Characteristics 

Flexible Pavements Rigid Pavements 

 

Resilient surfaces that transfer loads 

down to the base in a radiant manner. 

Thin wearing surface and thick bases. 

 

Distribute imposed loads over a broader 

area 

Require thicker wearing surfaces and 

thinner bases. 
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The surface of the pavement should be composed of materials that bear the weight 

of pedestrian and vehicular loads. Generally the type (width and thickness) of pedestrian 

road are determined by four factors: (1) environment, (2) traffic, (3) base characteristics 

and (4) material which used. The environment in Whitby is characterized by high level of 

humidity as well as large difference in temperature between winter and summer period. 

Because of the fish markets in Pier Road, it should be taken into account that heavy 

vehicles will cross the road. Because of the above reasons our group has chosen durable 

and sustainable materials. There are many types of materials, which can be used at the 

construction of the pedestrian road.   

 

The most common types are the following: 

          Table 3.2 

  

Materials 

Characteristics 

Advantages Disadvantages 

1  

 

 

 

Asphault 

1. Durable, as it can 
be used year round 

2. Drains quickly 
3. Inexpensive to 

maintain 
4. low noise 

generation 
5. Easily marked 
6. Hard 
7. Firm 
8. Dust free 
9. Neat 
10. Non-glare 
11. Resilient 
12. Ease of repair 

compared with 
other pavement 
materials 

 

 

1. Relatively high installation 
costs 

2. Imperviousness 
3. Less durability in 

comparison with other 
paving methods 

4. Less tensile strength than 
concrete 

5. Tendency to become slick 
and soft in hot weather  

6. Certain amount of 
hydrocarbon pollution to soil 
and groundwater or 
waterways. 

2  

Concrete 

1. Maintenance cost is 
very low 

2. Easy to use 
 

3. High 
comprehension 
strength 

4. Low cost 
5. Stronger and more 

durable than 
asphalt 

1. Higher initial cost  
2. Difficult to repair. 

http://en.wikipedia.org/wiki/Hydrocarbon
http://en.wikipedia.org/wiki/Groundwater
http://en.wikipedia.org/wiki/Waterway


 55 

3  

 

Brick 

1. Easy to produce 
2. Usually used in 

combination with 
other paving 
materials 

3. Flexible 
4. Stable and durable 

 

1. Costly to install 

4  

 

 

Stone 

 

1. Durable paving 
surface 

2. Reduce erosion 
3. Promotes infiltration 
4. Low installation 

cost 
5. High porosity 

 

 

1. Dust generation 
2. Weed generation 
3. Rutting from tires 
4. Replenish displaced stones 
5. High maintains cost 

5  

Tile 

1. It is suitable with 
every weather type 

2. Can be glazed or 
unglazed 

3. Easy to work with 
 

 

 

 

6  

Wood 

1. Strong and durable 
for its weight 

2. Various sizes and 
colors 

 

 

 

1. High maintenance cost 

7  

 

 

 

Synthetics 

1. Require little 
maintenance 

2. Pleasant at look 
3. High resiliency 
4. Are non-abrasive 

and can be used 
year round 

5. Easy to maintain 
 

1. High cost 
2. Low structural strength 

8  

Porous 

Pavements 

1. Produce of 100% 
recycled mould 

2. Flexible 
3. Promotes infiltration 

which recharges 
the water table 

1. High cost 
2. Inappropriate for high 

weight & traffic volumes 
3. Settlement 
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4. Reduces the 
imperviousness of 
development 

5. Minimizes site 
disturbances, 
especially on 
erosion prone 
slopes 

 

In conclusion, our decision has taken into account a range of parameters. More 

specifically, the Whitby‟s landscape, the weather conditions, the vehicular loads and 

construction costs. From the range of materials which has been mentioned in the table 

above, the bricks, stones and asphalt, are considered to be the most suitable materials. In 

order to keep the construction budget in low levels so as to avoid the traffic problem 

during the re-construction period, our design group has decided to keep the road‟s current 

condition. This means that the main road material will remain the asphalt and the 

pavements material will remain the stone. In order to keep the road in good condition 

maintenance will take place along the road. 

Access barriers  

To control the vehicular access in the pedestrian road, the most common and effective 

solution is the use of barriers. Access barriers allow the managing access to parking lots. 

There are many types of barriers and some of them are mentioned below: 

 
 

 
 

 Swing barriers  
                         

                      

       Figure 3.2: Swing barriers 

 

 Vertical lift barriers 
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   Figure 3.3: Vertical lift barriers 

 

 

 Flow down security post 
 

                         

   Figure 3.4: Flow down security post 

 

 

 

 

 

The most suitable solution is to use flow down security post with electronic access 

system. The electronic access system controls the entrance of the vehicles with “smart 

card” system. Card system allows the entrance only in vehicles with this card. This access 

control system in both entrances of the road will be installed.  
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Smart card access control system  

        

       Figure 3.5: Smart control system 
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2. Bicycle sharing system 

 

 

Another efficient solution against the traffic congestion is to increase the usage of 

human-powered vehicles. Bicycles are the most suitable means of transport from one side 

of the town to another; an easy and fast way. The use of bicycles for transportation has no 

environmental and traffic impact. Many European towns, like Paris and Copenhagen, have 

tried to increase the use of bikes with specific programs, in order to make the town 

friendlier to the citizens and visitors. The councils of these cities contrived that way, to 

encourage citizens and visitors to use bicycles for transportation. They make programs 

that include low-cost (or even free!) bikes to rent, like Velib and Copenhagen bike.  

                  

              Figure 3.6: Velib Bikes                         Figure 3.7: Copenhagen Bikes 

This bicycle sharing system is a program which is offered to people from the city 

council. With this program, people can easily use bikes to transport. In the center of each 

of these towns, there are established bike stations in order to assist the rent and the return 

of bikes. People can take a bike from one station and they can leave it to another station 

near to their final destination. This program would easily suit the town of Whitby, not only 

in the Harbor zone but also in the East and West cliff. Unfortunately, Whitby is not a 

friendly town for bicycles. In order to improve this situation, many things should be 

changed.  

First of all, bike lanes have to be created on the roads of Whitby for the bikers‟ 

safety. For the implementation of the bicycle sharing program, the town council should buy 

bicycles and establish bike stations all over the city. Although it is an expensive program, it 

could be financed by advertising companies, in order to reduce its final cost. The 

advertising companies can put advertisements on the bike stations and on bikes so that 

they will also be benefited. 
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3. Parking 

To begin with, the design of parking spaces is regarded as an effective solution 

against traffic congestion. Parking spaces could be either parking garages or parking lots 

or even parking in a city street. Specifically, parking garage usually consists of multi-stores 

parking constructions, for instance underground parking. The parking lots are clear spaces 

which are used for parking vehicles. According to this type of parking (the street parking), 

Vehicles Park across the pavement. All of those types of parking can take place in Whitby. 

In order to reduce the traffic congestion not only in the harbor zone of Whitby but also in 

the urban network of the town, our team has endorsed two main options. According to the 

first option (underground parking), the capacity of some existing car parks will be 

increased. On the other hand, it is very important to construct some parking spaces in the 

wider region of the Whitby; for example, in the town‟s entrance. More specifically, in order 

to increase the capacity of the car parks, our group‟s decision was to convert some of the 

already existing car parks into underground parking areas.  

The arrangement of the underground parking spaces, as well as their locations are 

marked and specified in AutoCAD drawings that accompany this project.   

Underground Parking 

In the beginning, as it has already been mentioned on the initial considerations, the 

parking will be underground, despite its cost and construction difficulty, because it will 

decrease the visual disturbance that could be caused by the presence of cars.  

A multi-storey parking construction on the ground level, as alternative could change 

unpleasantly the town‟s landscape. Thus, our design team decided to construct an 

underground parking. More specifically, our decision was to convert the parking lot which 

is located in front of the Railway Station into an underground parking.  

We have chosen this place because it is near the town center. Also, this land area 

is very suitable for an underground parking because of the sufficient capacity it offers. 

There are three main types of multi-store parking: (1) ramp system (2) Elevator system 

(compact type) and (3) Automated Mechanical Parking Systems with elevator.                                                                                            

.                

    Figure 3.8: Underground parking 
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         Table 3.3 

Types of parking Photos Characteristics 

 

 

 

 

Ramp system  

 

 

 

 Low construction 
cost. 

 Low or no 
maintenance 
cost. 

 Minimize the 
efficient space. 
 

 

 

 

 

Elevator 

system(compact type) 

 

 

 Low maintenance 
cost. 

 Increase the 
efficiency usage 
area. 

 Easy setting-up. 

 Low construction 
cost. 

 

 

 

 

 

 

 

 

Automated Mechanical 

Parking Systems 

 

 

 

 Less building 
volume and less 
ground area. 

 Low maintenance 
costs. 

 The cost per 
parking space is 
low. 

 High construction 
cost for system 
low construction 
cost for building. 

 No need for 
cashier, security 
personnel. 

 Environmental 
friendly. 

 Increase parking 
capacity. 
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All of the above-mentioned parking types are suitable for Whitby‟s needs.  

The team‟s decision regarding most suitable parking type is the Automated Mechanical 

Parking System. This choice is based on some specific characteristics of the location we 

chose. Due to the fact that the parking area is near the sea, it would be risky to construct a 

deep foundation building. That is because the water table is near the soil surface.  

The Automated Mechanical Parking System has an advantage compared to the other 

solutions: it offers the highest car park capacity possible in lower foundation level. 

Moreover, another advantage we had to take in account was the environmental impact, 

which in the case of automated parking is minimized. This is because the vehicle engine is 

turned off during the parking process. The building will be made of reinforce concrete. 

Parking Capacity and dimensions 

The parking will have four levels. Each of these levels will have a capacity of 46 
cars. The total capacity will be 184 cars; all types of car (S.U.V-S.A.V., etc.) can be served 
by the automated mechanical parking. The cars of disabled people are not an exception. 
The total area of the underground parking is 1157.38m2 (figure 1.), the height of the 
parking will be 11.80m (2.7m per level) without the foundation. 

                                              

 

Progress of parking  

The driver brings the car in the entry of the station. Before this, the driver has 
already been informed by the luminous sign about the existing free spaces. After that, if 
and only the elevator is on the entrance level, the entrance bar van open. The driver takes 
the magnetic ticket and leaves the car. The magnetic ticket carries the following 
information about the parking procedure: 

 Hour of entry. 
 Number of car slot. 
 Tower where the car is placed. 
 Serial number of ticket. 

Only with this ticket the owner of the car, can take it back. 

Figure 3.9: Underground Park Area 
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2. PARKING LOTS 

In order to avoid the traffic congestion, the second idea which could be helpful, is 

the construction of a parking in the entrances of Whitby. According to this thought, the 

parking should be supported by the public transportation (busses). Specifically, the 

relevant study provides the creation of frequent bus lines and stops that will serve the 

people that make use of the parking. This idea encourages people to leave the car outside 

town, in order to reduce the number of cars which travel in the center. The team has 

decided to create two parking lots that serve the basic road lines A-174, A-171 and A-169. 

The first parking lot will be created at the cross section of the roads Love Ln and 

Sandsend Rd (A-174) and the second one at the cross section of the roads Prospect Hill 

(B-1416) and A-171. 

 

 

 

 

 

 

 

 

Figure 3.10: Entrance of Underground 

Parking 
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Love Ln - Sandsend Rd Parking (A-174) 

This parking will be constructed in order to serve visitors who use the A-174 to 

access Whitby. The area of this parking is estimated to be 10659m2. The car capacity of 

parking will be approximately 239 vehicles which five of them are blue badge. Buses will 

transfer visitors from the parking to the bus station. New bus lines and bus stops should be 

created as shown in the figure below: 

      

                                            Figure 3.11: Parking Lot-Love Ln - Sandsend Rd
 

 

 

 

Mayfield Rd. (B1416) 

According to the relevant study about the second parking, the most suitable place 

for it to be constructed is a field at the Mayfield Road (B1416). The parking will be 

constructed at the main entrance of Whitby. Specifically, not only visitors who come to 

Whitby by the A-171 but also visitors who use A-169 and turn to Mayfield Rd. (B1416), can 

park their vehicles at this parking lot. The area of this parking is estimated to be 

11128.20m2, so the capacity of parking will be approximately 253 vehicles with 5 blue 

badges. As it is displayed in the photograph below, the transportation in this side of Whitby 

is supported by bus lines. New bus stops must be created in the area of parking in order to 

serve the visitors. 
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Figure 3.12: Parking Lot- Mayfield Rd.                                     Figure 3.13: Bus stations 

Conclusion 

In conclusion, both areas which have been selected by the design team to be 

converted into parking lots, have specific characteristics. The parking area can be 

expanded in order to cover future needs. The fields are easily converted into parking lots 

with low cost because the area is non-sloped. The areas which have been chosen do not 

have any trees or plants. 

BLUE BADGE PARKING 

The number of Handicapped‟ Parking depends on the total number of parking which 
is provided. Parking bays for disabled people should be conveniently located and clearly 
signed. In our case, the total number of spaces provided for both parking is almost 245 
cars. According to the table below, the number of Handicapped‟ which is required for both 
parking is 5 parking spaces. 

     Table 3.4 
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 Location of Blue Badge parking 

Generally, because many of the disabled people have a limited mobility range; 
parking bays should be specially designated near the places they would like to visit. 
Maximum distance considered is the 150m. In Whitby, the underground parking is too 
close to the center so that the necessary distance is covered. On the other hand, the 
parking lots which will be created in the entrances of the town, are far away but well-
designed to serve disabled people. More specifically, in the outer parking there are bus 
stops inside the parking so that busses are accessible by wheelchairs. Blue badge, may 
be indicated on directional signs into the parking. The most often signs are “the white 
wheelchair symbol in a black square” and the white “P” symbol in a blue square.  

Blue badge, are designed so that drivers and passengers, can get in and out of the 
car easily and safely. The size of each bay should be wider and longer that the normal. 
Usually, the distances of a disabled bay are 6.6m long and at least 3m wide. 

                

   Figure 3.14: Blue badge 
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4. Bridges 

 

NEW PEDESTRIAN BRIDGE 

 There is only one way for people to pass from the West to the East cliff, the swing 
bridge. This is a main reason for traffic congestion in low harbor zone. Specifically, long 
queues are being created not only by vehicles but also by pedestrians. In order to give an 
alternative solution to this problem, our design team has decided to construct a new 
pedestrian bridge. The main new characteristic in that bridge is that it will be a movable 
one. Movable is a bridge which is usually constructed over water ways in order to allow 
water traffic to pass under it. The main disadvantage of this type of bridges is that the 
traffic on the bridge must be halted when it is opened for passengers. On the other hand, 
the main advantage is that the construction cost decreases as the expense of high piers 
and long approaches is being avoided. In general, the spans of movable bridges use 
electric motors or hydraulic pistons in order to move. There are many types of moveable 
bridges, but the most common and suitable type, are the lifting, bascule, and swing 
bridges. The main characteristics of each bridge are being presented in the table below. 

 

 

     Table 3.5 

Types of movable bridges Photos Characteristics 

 

 

 

Swing bridge 

   

 

  

Two main types rim-
bearing structure and 
center-bearing 

No counterweights need 

Functional in wide water 
channel  

Rotate upon a vertical 
axis. 

 

 

 

 

Lift bridge 

 

 

    

Simple to design and 
construct 

Small opening-closing 
cycle 

Great potential length of 
span.  

Rises vertically 
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Bascule bridge 

  

 

   

Single or double leaf 

Rotates upon a 
horizontal axis 

Low visual impact 

The quickest opening-
closing cycle than other 
movable bridges.  

Bridge spans are limited 
( 75 m approximately) 

 

 

  According to the study which has been done, the most suitable site for the 
new bridge is considered to between the High level bridge and Swing Bridge. Specifically, 
the new pedestrian bridge will be put between the west cliff at the Endeavor wharf (car 
park) and the east cliff at the car park near Church Street. A re-construction of the marina 
is necessary in order to complete the construction of bridge successfully (see figure_).  
The dimension of bridges estimated in the AutoCAD drawings is given on the blackboard. 
Specifically, the length of the new bridges is 103.00m and the width 6.00m. The width of 
that bridge counted in order to cover passes needs not only for pedestrian but also for 
powered human vehicles. Bicycle lanes will be created in each side of bridges with a width 
of 1.20 m. The rest part of road will be for pedestrian use only. Ramps will be constructed 
in order to cover the disabled people needs if necessary.  

                   

            

    Figure 3.15: New pedestrian bridge 
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As it can be noticed on the table above, Swing and Bascule bridges seem to be 
more suitable than the Lift Bridge. That is why the heights of water vehicles that can pass 
under the Lift Bridge are limited. On the other hand, both Swing Bridge and Bascule Bridge 
seem to be more suitable. Although, there are not many differences concerning the cost of 
construction and maintenance between them, differences appear on opening-closing cycle 
and in the visual impact. To sum up, the design team‟s choice Bascule Bridge selected 
because of has quickest opening-closing cycle and lower visual impact. More specific, 
there are two types of Bascule Bridge: (1) single leaf and (2) double leaf bascule. The 
design team has opted for the construction of a double leaf bascule bridge.  

This selection was preferable for four main reasons:  

 The double leaf bascule with the same span opening and height over water 
operates more quickly than single leaf bascule. 

 Double leaf bascules also provide greater navigation clearance when in the 
closed position, because the girders are usually tapered to a thinner section 
at the toes of the leaves.  

 Moreover, double leaf bascules provide less wind resistance when open, use 
smaller counterweights, and require smaller machinery.  

 Double leaf bascules, of course, require twice as many of every component, 
except perhaps an operating con-troll station, as required for single leaf 
bascules.  

 

Description of the Bascule Bridge 

 “The outer end of the bascule span is called the toe of the leaf. On the other hand, 

the inner end, at the part of the leaf nearest to the pivot point adjacent to the approach 

span is called the heel of the leaf. The heel of the bridge leaf is supported on the pivot pier, 

also called the bascule pier, and the toe of a single leaf bascule bridge is supported on the 

rest pier.”  

 

       Figure 3.16: Description of bascule bridge 

 The frame of the new bridge will be constructed by reinforced concrete and steel. 
Reinforce concrete will be used to construct the fixed parts of bridge. The two movable 
leafs of bridge will be made of steel. The deck surface will be constructed by asphalt.     
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SWING BRIDGE MAINTENANCE 

The Swing bridge was built in 1908 and links the east and west sides of the town. In spite of 

the Whitbys‟ swing bridge is a very old structure with many function problems and high cost of 

maintenance cannot change. That is why Swing Bridge constitutes historical construction not only 

for visitors who visit Whitby every season but also for locals, who they want to live with this old 

bridge. After property study of our design team, taking in accounts not only the opinion of 

residence but also the opinion of the visitors, decided to maintenance the bridge.  A swing bridge is 

a type of movable bridges. The spans of Swing Bridge are supported at a vertical locating pin close 

to its center and pivot horizontally. The Swing Bridge is a steel construction and its deck is made 

by reinforced concrete and the surface by asphalt. In these three basic materials of bridge major 

damages are noticed. Corrosion signs appear in many elements of steel part because of high level 

humidity (fig 3.17,3.18), Due to the heavy load which applied on the bridge the fatigue of deck and 

the fatigue crack of steel member appear.  

                                  

 

                                             

                                               Figure 3.17:Corrosion in swing bridge 

                             

                                    

                                               Figure 3.18 Corrosion in swing bridge 

 

http://en.wikipedia.org/wiki/Movable_bridge
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Maintenance procedure 

The maintenance procedure will be complete in two main steps as notice below.    

1. The maintenance of steel parts of the bridge.  

In order to maintain the steel part of structures by corrosion the most efficient solution are: 

(1) the painting of steel parts, (2) replacing corroded parts with new made by weathering 

steel (COR-TEN), (3) the hot dip galvanizing and (4) the usage of Metal spray. For those 

parts of structure which are deep corroded or crack our design team decides to replace 

them with new galvanizing parts. The new galvanizing parts will be paint. On the other 

hand, those parts of structure which are swallowing corroded will re-paint. In both cases the 

type of paint which will use, should be anti-corrosion paint. This paint should be 

environmental friendly more specific this paint should no-contain lead. zinc chromate, 

mineral acids and should be no toxic.    

 

2. The maintenance of deck surface 

Design team decides to replace the old asphalt of the deck surface with a new one. 

 

At the maintenance procedure in order to avoid the water pollution of the river, we 
should take some measures. More specific under the bridge should be settle platforms to 
collect draff of rusts and parts of the old steel elements.  

 

HIGH LEVEL BRIDGE 

To begin with, route A171 which is a high-level bridge, is the main road that 

connects Scarborough with Whitby. The construction of a new bridge in the same location 

has been decided by the group design team. The major problems that we faced are the 

high maintenance cost and the insufficient capacity to handle the current traffic flows. The 

current high-level bridge carries a two way road with one lane in each direction. The new 

high-level bridge is supposed to have the same number of lanes with the older one but the 

lanes should be wider. Due to the fact that the option of the construction of a temporary 

bridge that will cover the access needs is very expensive, the construction of a new bridge 

next to the old one was proposed so that the construction of a temporary one will not be 

required. According to this thought, after the construction of the new bridge the old bridge 

will demolish and the new bridge will be in use. The new bridge will be constructing fifteen 

meters away of the old high level bridge. In order to settle on the most efficient type of a 

new bridge, the proper study has to be done. There are six main types of bridges: beam 

bridges, cantilever bridges, arch bridges, suspension bridges, cable-stayed bridges and 

truss bridges. The group design team decided to construct a cable stayed bridge. That is 

why, compared to other bridge types, the cable-stayed is optimal for spans longer than 

those that are typically seen in cantilever bridges and shorter than those typically required 

in a suspension bridge. This is the range in which cantilever spans would rapidly grow 

heavier if they were lengthened, and in which suspension cabling does not get more 

economical where the span needs to be shortened.  
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Arrangement of cables 

There are four basic systems of cable arrangement (fig 3.18):  

 Bundle or converging or radial 

 Harp or parallel 

 Fan 

 Star 

 

Figure 3.18: Cable arrangement 

In our case we will use semi-fan cable arrangement. Specifically, this decision has been 

taken because the fan stay cable arrangement represents a modification of the harp 

system. The forces of the stays remain small so that single ropes could be used. All ropes 

have fixed connection in the tower. The total numbers of cables which will use for the 

structure are 62 cables. 

 

Type of tower 

The new cable-stayed bridge will have one tower with cables and three columns to 

support the bridge deck. There are two major classes of cable-stayed bridges: In a harp 

design, the cables are made nearly parallel by attaching cables to various points on the 

tower so that the height of attachment of each cable on the tower is similar to the distance 

from the tower along the roadway to its lower attachment. The main types of towers are 

five and referred bellow: (1) Trapezoidal portal frames, (2) Twin tower, (3) A-frame tower, 

(4) Single towers.  
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   Figure 3.20: Types of Cable towers 

The new high level bridge follow the same design and construction of the East Huntington 

Bridge. As referred in introduction the new high level bridge will be two ways road with one 

lane in each direction. The length of the new bridge will be 204m and the total width 

17.80m. Each main lane will have 3.5m width; the emergency lanes will have 3m width 

and the pavements 2m. In order to make the passing of vehicles safer road barrier will be 

used. In order to connect the new high level bridge with the route A171 we must create 

new access road with the same size characteristics. The new high level bridge will have 

emergency lanes and road barriers. Crush barrier will be used across the high level bridge 

in both sides and New Jersey barrier (80 cm width) in middle-span of road. This bridge is a 

precast pre-stresses concrete cable stayed bridge with one main tower. The type of tower 

with cable will be A-frame. The new high level bridge will have one tower cable and two 

piers in each side o structure as shown in the AutoCAD‟s draws. The main construction 

material of deck and columns is the reinforced concrete. The reinforced concrete seems to 

be the most efficiency solution because the size, the structural weight and the over unit 

cost reduce. The type of foundation is the pile foundation because Whitby‟s geology. 
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Steel’s advantages as a main material for the bridge 

Steel structure was selected for the new pedestrian bridge design. Also is main 

material of the swing bridge which need repair.  Major Damage on Steel structures caused 

by: (1) Corrosion of Steel member (2) Fatigue of RC deck and (3) Fatigue crack of steel 

member. Although, steel structures have many advantages and some of them refer below: 

 

1. The main advantage of steel is its high specific strength.  
2. High strength to weight ratio comparing to the concrete reduces weight of the 

structure significantly.  
3. It is a necessary requirement for movable bridges to keep structures weight to a 

minimum.  
4. High Strength Polymers were taken into consideration, but due to high cost of 

material and lower ductility such option was not applied to Whitby project. 
5. Low weight of structure also reduces cost of foundation design.  
6. Timbers piles on east pier should be replaced during construction of the new swing 

bridge.  
7. Fewer piles and smaller size could be selected for the foundation using steel 

superstructure.  
8. Typical reduction in 30-50% could be achieved over concrete decks (Corus 

Construction Centre 2002).  
9. Mechanical part of the swing mechanism and bearing will experience lower loads 

during opening/closing the bridge. It reduces design cost of components and its 
maintenance. 

10. Steel leaves of the bridge could be fabricated in the factory with better quality 
control and reducing fabrication errors.  

11. Delivery and erection of prefabricated steel units for the bridge saves time of 
construction and also eliminates risks during erection of the steel work, 

12. Steel does not require formwork for erection and falsework also eliminated 
comparing with concrete pouring.  

13. The labour needed to construct a steel bridge can be significantly decreased. 
14. Steel bridges are generally easier to repair than their concrete counterparts. 

Sections of steel beams can be replaced. Concrete bridges, however, can require 
extensive and time-consuming repairs when impact damages, cracking or erosion 
occur.  

15. Maintenance cost could be predicted more accurate for steel structure.  
16. Steel protection is also cheaper compared with concrete protection against chloride 

attack. 
17. Main key feature of the final solution is to keep existing bridge character and 

appearance to maintain aesthetic view of historic town Whitby. Steel provides 
opportunity to recreate completely same elevation of the bridge. 

18. Steel is recyclable and reusable material.  
19. Parts of bridge are easy demountable and could be recycled or used for another 

project after life cycle of the bridge.  
20. A steel bridge that is designed with a deck or wearing surface and replaceable 

components can remain in service for ages with proper maintenance. 
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Corrosion Protection 

The main problem which the steel structures face is the corrosion. In case of Swing 

Bridge, corrosion has already appeared. From the other hand, for the new metallic 

structures should be the proper study in order to protect the structure of corrosion.   

 Hot-dip galvanizing is used as a corrosion protection for steel components.  
 A „duplex‟ coating provides extra durability and fulfils decorative requirements. 

Galvanizing is cheaper comparing to other commonly specified protective coatings.  
 It requires less maintenance therefore reduces long term cost of the structure. 
 The life expectancy of galvanized coating on typical structural members is far in 

excess of 20-25 years in severe costal exposure that is higher than current 
repainting cycle of 10 to 15 years. 

 Galvanizing is carried out according British Standards, minimum coating 
thicknesses are applied. 

 Coating life and performance are reliable and predictable. A galvanized coating has 
a unique metallurgical structure which gives outstanding resistance to mechanical 
damage in transport, erection and service.  

 Every part of a galvanized component is protected, even sharp corners and 
inaccessible areas. 

 Galvanizing will be carried on a factory under quality control.  
 As galvanized steel members are received on site they are ready for erection.  
 Paint layers will be applied in the factory as well to reduce risk of people working on 

height and also eliminate environmental impact during construction.  
 Before applying paint to galvanized steel, special surface preparation treatments 

will be used to ensure good adhesion.  
 Light blast cleaning will be applied to roughen the surface and provide a mechanical 

adhesion. 
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FOUNDATIONS 

 

Foundation is that part of a structure which transfers the gravitational and lateral 

loads of structure to the underlying soil or rock. Usually, foundation placed below the 

surface in direct contact with the ground. A foundation investigation is required for all 

structures (i.e. bridges, tunnels, walls, buildings etc) to support them on the ground. A 

foundation report is required to summarize the findings of investigation and to provide 

foundation recommendations for the structure design and construction. Important is the 

fact that, to limit settlement, it is necessary to transmit the load of the structure to a soil 

layer of sufficient strength. Also to limit settlement, it is necessary to spread the load over 

a sufficiently large area of the soil layer to minimize the bearing capacity. 

Both performance and choice of foundation depends in on variety of factors. Actually there 

are two main variables: 

 The total building load and  

 The type and quality of the soil.  

Some secondary but also important factors which count to selected the most as is possible 

type of foundation referred below:  

o The materials used for the foundation,  

o Economical consideration of using a right kind of foundation,  

o Layout of the structure (building/floor plan positioning loads etc) and finally  

o The conditional of the site (location and sufficient work space).  

Foundation in general can be classified into a number of ways, such as:  

1) Shallow 

2) Deep foundation. 
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 Actually these groups contain the four most popular types of foundation 

(1) pad foundations, 

 

(2) Strip foundation, 

  
(3) Raft foundation        

 

 

 

 

 

 

 

 

 



 78 

(4) Bearing piles which are deep foundations. 

(5)   

Taking in account the geology of Whitby we can see that the most proper type of 

foundation is the pile foundation. That is why piles foundation using to transfer the 

gravitational load from the structure to the soil stratum. Specifically, there are two types of 

pile foundation: (1) End bearing piles and (2) Friction piles. The end bearing piles are 

those which terminate in hard, relatively impenetrable material such as rock or very dense 

sand and gravel. They derive most of their carrying capacity from the resistance of the 

stratum at the toe of the pile. On the other hand Friction piles obtain a greater part of their 

carrying capacity by skin friction or adhesion. This tends to occur when piles do not reach 

an impenetrable stratum but are driven for some distance into a penetrable soil. Their 

carrying capacity is derived partly from end bearing and partly from skin friction between 

the embedded surface of the soil and the surrounding soil. 

 

To conclude with, the recommended foundation systems shall be cost-effective, 

performed –proven and constructible. In this project used the piles foundation which 

seems to be the most proper choice according to refers above. More specific have been 

used Friction piles which are also particularly economic.   

 

In order to construct the foundation the first step is the excavation. After that, the piles are 

penetrated with the use of a hydraulic hammer and when they are penetrated, start the 

forming of over structure.  More specific, the cap piles placed inside the columns and 

connect the columns with the beams with nuts screws. When the connection of beams and 

columns is over, place the pre-cast concrete to fill the span.  

javascript:glossary('gloss_A.htm#ADHESION')
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Abbey  

 

Abbey is the most popular tourist attraction in Whitby. All Whitby‟s visitors want to visit 

Abbey not only for its history but also for the breathtaking view; nice and peaceful to walk 

around and run, by English Heritage is at the top of the 199 steps. Below Abbey, there is 

St. Mary's Church at the top of the steps. There are two ways to access the area of Abbey. 

The first, is to access it by car from the Abbey Ln. and the other, is on foot from a path 

which is located on the low harbor zone of East cliff, which is the most common way for 

visitors. All the visitors follow exactly the same route to go to Abbey; they pass the Swing 

Bridge and then, they turn left to reach the Abbey path. As a result of this situation, the 

east cliff has many differences on economic-tourist development. The east cliff is divided 

into two areas, the first and the most developmental area is the North side of the East cliff, 

the second area is the South side of the East cliff which is less developmental. After a 

proper study, our design team suggests some solutions for this problem. A new path to 

access Abbey from the south side of the east cliff in combination with the new footbridge 

will be attracting many tourists to this side. That way, many tourist businesses can open. 

After that, both sides will have equal development. With these two new elements, the route 

map of Whitby will change dramatically. The pedestrians will make a big circle in order to 

walk around the low harbor zone. They can use both bridges to cross the river at low 

harbor zone and the two paths to visit Abbey. The specific location of the new path is 

indicated to the figure below.  The surface of the new path will be made of stone, the same 

stone which has been used for pedestrians in the road of the West cliff.  

 

 

    Figure 3.17: Second road to abbey 

 



 80 

CHAPTER 4 

FLOODING 

Flooding is a phenomenon that occurs quite often in Whitby. The main area in 

danger is the upper and lower harbor. There are some areas at risk inside the harbor, 

which will have problem from flooding in a range of 50 years from now. These areas are at 

risk because of high tides plus a surge load (due to low atmospheric pressure). The areas 

which are at risk are shown in the following images: 
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The 7 locations that are shown in the previous images, are the following: 

 Area around the Swing Bridge roundabout (locations 1,2,4,5) 

 Church Street (locations 6,7) 

 East side of the lower Harbor (location 3) 

Seawalls should be put in the locations. The 2 possible types of seawalls (figure) are the 

following: 

 Vertical wall could be the first choice. The problem with vertical wall is that the wave 

break piles which are settled in a small distance from the massive block could 

cause various problems. The ships, whose routes would be discontinued by the 

walls, would possibly face difficulties in approaching the protected area, because of 

the distance between the pile and the wall. 

 Curved concrete wall is the best type of seawall which can be settled. Replacement 

of concrete with rock  from the side of the road is the best solution for many 

different reasons.  

Firstly, the existing retaining walls in the harbor area are constructed by rock on one 

side. Putting concrete will create an aesthetical problem. This choice was selected 

because of its effectiveness on problem of the tidal waves. Freeboard safety level of 

0,30 m supports the solution as well. 

 

 

Figure 4.2: 2 types of seawalls 

 

The height of the seawalls will be 4.80 m in all cases. This proposal was derived by the 

following data: 

 1 in 200 years extreme water level: 4.10 mAOD 

 Sea level rise over 50 years: 0,25 mAOD 

 Component of wave height above water level: 0.15 m 

 Freeboard safety level: 0.30 m 
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The following figures display the seawalls that could be put along the 7 proposed 

locations. 

 

Figure 4.3: seawall with dimensions 

The characteristics of materials of reinforced concrete have been analyzed in chapter.  

Toe protection will be put on the ground level as well. Replacement of the existing 

materials with new ones will take place in the locations. The other proposal of 

enhancement of existing structures was rejected. The main reason for not doing that was 

the problem caused by the building process above the existing structures because of the 

doubt of the constructions. Flooding occurs outside the harbor zone, on the East and West 

piers.  Nevertheless, the major problem there is the intense coastal erosion, thus its 

solution will be analyzed in the next chapter. 
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COASTAL EROSION 

 Whitby‟s shoreline is protected because of its great beauty and historical interest. 

Shoreline Management Plans 1 and 2 (SMP, SMP2) are coast protected projects which 

have a target based on a plan of 120 years taking into account several parameters, such 

as the wind or the expected corrosion rates. Nearshore waves are expected to be broken 

on the shallower water, in both East and West pier, even these which have a long 

duration. In particular, the major height is 7,81 m and the longest period is 10,2 sec 

(figure). Offshore waves differ and the major height of the most extreme wave is about 9 m 

and it has 8-9 sec duration. These waves come from East-North. The sea level should be 

considered in the proposed structures to rise 4-5 m. This chapter will focus on 2 different 

areas; The East and the West side of the town. These regions have different needs of 

protection, and the proposed solutions will be examined separately.  

 

 

 

 

 

 

 

Figure 4.5 period and height of the waves 

1. East cliff 

On East cliff occurs great erosion, despite the efforts of preventing it. Enhancement of the 

slopes with stones from Norway retains the cliff in the present position. However, this 

action has been proved uneconomic, because of the transfer and maintenance cost of the 

stones. Replacing the existing stones with local stones will reduce the negative economic 

impact as well as, it would maintain at the same time their effectiveness. The new stones 

will be put in the same position, with the difference of their expansion by 2 meter towards 

the sea. The reason for that is the better provided protection. This will be achieved by 

decelerating the wave movement towards the cliff. The enhancement of the corrosion 

protection of the stones by adding more mass is also supports the protective measures. 

There will be put a seawall, because of the wrong calculations of the wave direction, when 

breakwaters were constructing. The location of the new seawall is presented in figure. The 

location of the structure aims the enhancement of the cliff, as well as the reduction of the 

power of the waves. Seawall in cooperation with the cliff will surround the sea and they will 

create a small harbor. The waves will lose a part of their strength and the corrosion of the 

enhancing stones will be smaller. Generally, the seawall will provide a secondary 

enhancement of the cliff.  

Height H 

Period T 
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Figures 4.6 and 4.7:  East Cliff and the enhancement with the stones 

 

Figure 4.8: location of sea wall 

A rubble mound structure will stop the waves. The main advantage of this structure is that 

the failure is not sudden, but it happens gradually. Thus, the repair of the structure after a 

storm is feasible, and less expensive. The length of the structure will be 253,13 m. 
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Figure 4.9: rubble mound structure 

The materials they will be used in the structure are concrete and stones. Concrete will 

have the following characteristics: 

 Grade of concrete: C50 

 w/c ratio: 0,25 

 frost resistant aggregates 

The width of the concrete cap will be 1,5 meter and the angle down to the ground 450. The 

first layer concludes high stones with big diameter, which is decreasing as we move to the 

next layer. Raft foundations will be put all over the structure. These foundations are 

suitable from others, because of their ability to hold the high loads. Further investigation 

has to be made about the height of the waves. This is important for the height of the 

structure. It is also important to be investigated the soil strata in this area, in order to find 

the exact depth of the raft foundation. 

Above East Cliff there are many structures which are in danger from the erosion (picture). 

The soil in the slopes is very unstable and the enhancement with the netting which exists 

is not very effective. The high moisture of the slopes is the main problem and the reason 

for the corrosion. An enhancement of the existing netting with wood chips inside will 

absorb the water, while the netting will also protect the soil from the negative effects of the 

sedimentation. Wood chips must be replaced every time they can‟t absorb enough water 

anymore. 
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Figure 4.10: effect of the East Cliff erosion 

 

Figure 4.11: enhancing net on the East Cliff 

 

2. West Cliff 

West coast of Whitby has different characteristics from the East side. The beach which 

exists has big distance from the Cliff. There is no immediate danger by the sea to the Cliff. 

However, taking into account sea water rise, a retaining wall expansion should be put. This 

wall would stabilize the soil in the slope as well.  A 50 cm wall will be added to the existing 

wall, in order to protect the cliff from the previous dangers. 
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 The wall will be constructed by concrete. Taking into account the exposure class 4b, 

(Table 4.1 of EC2, ENV 1992-1-1), into which falls Whitby‟s water environment, the 

characteristics of concrete will be the following: 

 Grade of concrete: C40 

 w/c ratio: 0,35 

 front resistant aggregates 

Additionally, netting with wood chips inside will be put in the cliff in very specific locations, 

which suffer from soil sedimentation. The reason for this proposal has been examined in 

the chapter of the East Cliff. It will be put, because of the unstable soil which is hit by the 

storm and the humidity. This action will reduce the support of the water pollution caused in 

the river, because it will stop the air pollutants from the cliff. These air pollutants are 

detached from the soil and then they settle in the river. 
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CHAPTER 5 

 

SUSTAINABILITY        

 Whitby is a city with great history and natural beauty. The river which crosses the 

city and the sea around favors the fishing industry and tourism. Inside the city solutions 

have been proposed about traffic congestion and parking problem. The main attraction of 

the city is Swing Bridge. The refurbishment of the bridge requires respect to the 

surrounding environment. Educational and touristic solutions have been proposed with the 

existence of a hotel and a conference center. 

 All the proposed solutions have a major target, which is complicated and has a purpose 

for the total development in all areas. Economical improvement will create a better life for 

the locals. This contains goals like job creation, touristic attraction and improvement of the 

existing fishing industry in the area. Solutions of the problems inside the town are related 

with the economic goal. Traffic congestion, parking problem and the connection with other 

cities will benefit the life of the locals. Finally, environmental problems such as flooding 

and coastal erosion have to be solved for the safety of infrastructure. Any vision for 

redevelopment has to promote the qualities of Whitby and contribute positively to any 

additional proposals in the future. Young people want a reason to stay in Whitby and the 

previous solutions will encourage them. 

The major target must be succeeded by introducing changes in the harbor zone. 

Improvement of the fish market and pedestriazation of the road near will regenerate fishing 

industry and it will also strengthen the local character of the city. Tourists and locals will 

have a place to walk around the harbor and will beef up economically the local shops and 

the fish market. Fish market is not the only place for access to waterfront. The marina 

extensions, as well as the area of the marina near Church Street are places with access to 

the river. The development of these two areas will give an extra motive to the people who 

want to travel with their ships. Pedestrians will have enough space of moving from the east 

to the west side with the new pedestrian bridge and the signals will make easier their 

passage. The renovation of the existing parking area near the harbor master building will 

be an enhancement inside the harbor zone. The marina improvement near the Church 

Street will develop economically this area. This will happen if the marina would 

accomodate many ships which will stop there. The addition of another access to the Abbey 

will increase the touristic interest and promote the touristic attractions of Whitby.  The 

construction of the new High Level Bridge will take place in a way that respects the natural 

environment nearby. The enhancement of the East Cliff will protect the region from the 

effects of coastal erosion and contribute to the stabilization of the buildings near the shore.                                                                                  

1. Environmental Impact Assessment 

Whitby‟s local opinion is a major factor for the single viable solution. Many historical and 

not only structures must be retained. At the same time, big problems must be solved. 

Swing Bridge is an historical bridge for the town. People of Whitby don‟t want any change 

for this bridge. People of Whitby don‟t want also structural development in West Cliff. For 
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that reason, the proposed hotel and conference center will be constructed far away from 

this region. The expansion of the petrol station would disturb the local opinion. The new 

stations of alternatives sources of energy will assist the solution of this problem. The new 

parking facilities are acceptable from the locals and they will be constructed in crucial 

points inside and outside the city.  

Baseline 

 The following tables show some meteorological data about the region. The first table 

shows temperatures of this year. It is clear that the average month temperature is below 

13,5  0C. According to studies about greenhouse gases, the temperature will raise almost 

2 0C in 30 to 50 years time approximately.  Therefore, the region will have a temperature 

about 16 0C. Particular months on winter have low temperature and the problem of froze 

will be considered in the structures. The second table gives the precipitation of Whitby. It 

can be seen in this table that July and October are the months with the higher 

precipitation. Flooding inside the city is a possible danger for these months.  

 

Table 5.1: temperature (
0
C) of Whitby, heat base 18.3, cool base 18.3 

year month 
mean 
max 

mean 
min 

mean 
aver. 

dep 
from 
norm 

heat deg 
days 

cool 
deg 
days 

2009 1             

2009 2             

2009 3             

2009 4 14 5,9 9,6 2,6 179 0 

2009 5 16,8 8,1 12 2 199 3 

2009 6 18,5 10,1 13,9 12,1 141 10 

2009 7 21,1 12,6 16,3 1,3 79 18 

2009 8 21,4 13,1 16,8 0,8 66 20 

2009 9 18,6 10,9 14,2 1,2 128 5 

2009 10 14,8 8,8 11,5 2,5 211 0 

2009 11             

2009 12             

2009 average 17,88571 9,928571 13,47143 3,214286 143,2857 8 
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                                                              Table 5.3: wind speed (mph) for 2009 

               Table 5.2: precipitation (in) of Whitby for this year 

Table shows the strength of the wind in the region. A quick observation shows that 

October is the month with the maximum wind speed. High precipitation is also occurs in 

this month. The danger for specific structures in the town is high, especially for those 

which are near the harbor or the sea. October is  came upon from the fact of high values of 

wind speed. Wind speed in Whitby encourages the construction of wind power plants. 

However, studies must be carried out in the area, in order to find suitable locations for the 

construction of wind parks. This happens because wind speed differs from place to place. 

Sea water level is another possible danger for the shores. In Whitby, west beach is the 

most remarkable area that has to be taken into account about this threat. The value of 

increase of sea level is not something sure for the next years, nevertheless actions must 

be taken for the protection of the beach and the shore near.  

 The proposal map below shows the infrastructure in Whitby and the restrictions of new 

structures in specific locations in the area. An interesting part of the map is that the 

development limits of the area are located in High Level Bridge. This fact restricts the 

pollution of this area only in the processes will occur for High Level Bridge, because no 

additional building is permitted in this area.   

 

 

 
month total  

dep. from 
norm 

2009 1     

2009 2     

2009 3     

2009 4 0,94 -53,96 

2009 5 1,58 -51,22 

2009 6 1,77 -60,23 

2009 7 2,94 -52,36 

2009 8 0,87 -56,03 

2009 9 0,99 -60,51 

2009 10 2,18 -66,12 

2009 11 1,08 -67,02 

2009 12     

year month average 

2009 1   

2009 2   

2009 3   

2009 4 5,6 

2009 5 7,9 

2009 6 5,7 

2009 7 8,2 

2009 8 7,9 

2009 9 8,5 

2009 10 8,5 

2009 11 7,5 

2009 12   
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  Figure 5.1 proposal map of Whitby (scarborough.gov) 

 

 

LEGENDS: 

 

 

  

   Ha14 Ha15 

 

1st line: 1) prime holiday areas, 2) secondary shopping frontages, 3) archaeological sites, 

4) national park boundary, 5) Whitby Abbey headland 

2nd line: 1) town center boundary, 2)  primary shopping frontages, 3) development limits, 4) 

former Scarborough-Whitby railway line 

3rd line: 1) inset map boundaries, 2) pier road, Whitby 3) proposed housing 4) important 

nature conservation sites 5) the proposed land allocation for affordable housing have been 

assessed in the following terms: the characteristics of the site itself and the existing mix of 

housing in the locality 6)  the proposed land allocation for affordable housing have been 

assessed in the following term: the characteristics of the site itself 
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Assessment 

 Any development in Whitby will cause minor or major effects on the environment of the 

area. High Level Bridge as well as the new pedestrian bridge in the area of the harbor will 

have possible effects in water, air and waste pollution. The possible dust will affect the air 

in the area as well as the water of River Esk. Waste from the bridges will come upon the 

surrounding environment. Air pollution is likely to happen from the dirt will occur from the 

excavations for structures like the hotel and the conference center, the fish market, the 

parking facilities and the bridges. Biodiversity will be also affected from the structures by 

the noise pollution. The protection of groundwater table must be taken into account with 

protecting activities. The pollution of the water and the air is something dangerous from 

these activities. Analytically, the possible effects of individual constructions will be 

presented in the table below. 

 

  danger 

development air pollution 
biodiversity 

(River) 
biodiversity (land) water pollution waste pollution noise pollution toxicity 

  maj min mod maj min mod maj min mod maj min mod maj min mod maj min mod maj min mod 

High level Bridge     • •       
 

 •     • •     •        •   

pedestrian bridge    • 
  

   •           •     • 
 

 •      •   

hotel     •          •          •     •           

conference center     •          • 
 

      •     •           

fish market     •   •           •       • •           

marina expansion           •           •        • 
 

       • 

parking 1 (outside the 
town)     •          •             • •           

parking 2 (outside the 
town)     •            •           • •           

Parking 3 
(underground) 

  
 

•    
 

          
 

      •     •       

 

Table 5.4: possible dangers from the proposed structures 

The previous table shows individual environmental dangers separated in three categories 

(major, minor and moderate). Some structures (marina extension) don‟t affect very much 

the environment around them, while others (bridges) have a major impact on many issues. 

Analytically, there is no major air pollution from any structure. On the other hand, most of 

the structures cause moderate pollution. The dust from demolition of the old high level 

bridge and the building of the new one causes high concentration of pollutants in the air. 

Nevertheless, there is no continuous pollution from that dust and after a short period the 

air will be clean again. The dust caused by the building process of the remaining structures 

of the table also has impact in the air for the same reason. Pedestrian bridge has less 

impact which is caused by the dust because of the different materials that are used. 
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 New Cable Bridge also causes major biodiversity impacts in the river, because of the 

building of the columns and the dust pollution in the river as well. The pedestrian bridge 

causes the same level of pollution in the river Esk. The difference with High level Bridge is 

that the impact of pedestrian bridge refers to less construction processes than that in High 

Level Bridge. Marina expansion has also a moderate impact in biodiversity of River Esk 

because of the painting of the structure. Fish market is a structure in the harbor zone with 

no immediate relationship to the river. However, the building process of the foundations 

may disturb the ecology in the surrounding area. 

 New parking lot near A-171 is a serious threat of land species. There is a lack of building 

development in the surrounding area. Noise pollution and gases of the cars disturb the 

species which exist in that region. The same problem exists in High Level Bridge with the 

difference that High Level Bridge exists in a smaller distance from protecting park than the 

parking lot. Noise and gases of the cars are also the main sources of the problem.  The 

other parking lot, the hotel and the conference center have small impacts. Hotel and 

conference center will cause a small impact during the building process. 

 Painting process and dust will cause a moderate impact on the water of River Esk during 

the building process of High Level Bridge, new pedestrian bridge and marina expansion. 

Foundation building process of the fish market will have also a minor effect on the water. 

 It is obvious that the waste of the buildings will be more than those in other structures. 

That‟s why High Level Bridge, hotel and conference center will cause major waste 

pollution. 

 Building process of all the structures except the marina expansion and the underground 

parking will cause major noise impact. Underground parking will have less noise impact 

because all works will take place below ground level. Marina expansion is a structure with 

minor building process and that‟s the reason of not affecting so much noise pollution. 

  Finally, painting of two bridges will have a larger impact in toxicity from the other 

structures, because they are absolutely connected with the river and the underground 

water table. Toxicity is caused from the painting and the damage of some materials.  

There are specific standards for noise and air pollution and the table below presents the 

limits of the air emissions. CO2 is also a major danger for the atmosphere and is created 

mainly by the cars and the industry. CO2 is responsible for greenhouse gasses and its 

reduction must be considered inside and outside Whitby. 
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Table 5.5: air pollution bands and index 

Noise pollution also affects many issues, varying from the disturbance of the habitats 

(noise from traffic), but also affects ecology on natural environments near structures and 

industries. There are limits inside UK about noise pollution and these limits are presented 

below.  

 

dBA Hours minutes 

70 24   

82 1 30 

85   45 

97   3 
Table 5.6: noise pollution limits, EPA and WHO 

Biodiversity must be protected by lights effects which may cause disappearance of species 

from specific locations with strong lighting, air and noise pollution. Traffic congestion is the 

main reason about these negative effects. The species that must be protected are 

separated in the following categories: 

 Birds 

 Fish (excluding purely marine species) 

 Funji (including lichens) 

 Herptiles (amphibians and reptiles) 

 Marine species 

 Non-vascular plants 

 Terrestrial invertebrates 

 Terrestrial mammals 

 Vascular plants 

 

 Mitigation 

Adverse effects 

 Removal planning of High Level bridge inside the town will cause problems and the 

disturbance of the view caused by the construction progress are additional negative 

factors which will occur. Whitby is a city with plenty of space of additional building creation, 

which will add environmental problems in the future.  

Positive effects 

  index SO2 NO2 O3 PM10  CO 

 
μg/m³            

very high  10 >400 >400 >180 >100 >20 

high 7-9,0 200-399 300-399 90-179 75-99 15-19,9 

moderate 4-6,0 199-100 150-299 50-89 50-74 10-14,9 

low 1-3,0 <100 <150 <50 <50 <10 
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The final creation of the proposals will benefit many environmental issues like air, water, 

noise pollution, as well as flooding solution and coastal erosion problems in both piers. 

The insert of tidal and solar energy will reduce the petrol dependence. Hybrid public 

vehicles will reduce CO2 emissions and the solution of traffic congestion will improve the 

noise problem inside the city. 

Residual 

Table reveals the dangers of the basic proposed structures. These structures cause minor, 

moderate or major different impacts on the environment. The painting of the materials of 

the bridges have a possible impact on the water of River Esk. Cr (VI) is the main chemical 

compound that is included in paints and causes toxic impact on the water. Corrosion of the 

materials is also a threat for the river.   

Marina extension and the reconstruction of the fish market are also structures which are 

inside the harbor zone and will probably have a negative impact on River Esk.  

The analysis of the proposed solutions in relation with environmental impacts will be 

described below. 

2. Sustainable Appraisal 

There are many issues that have to be considered for the sustainable development of the 

area and are separated in 4 different main categories (environmental, social, economic 

and natural recourses). The tables below show the objectives of different categories, as 

well as the indicators and the anticipating accomplishment of these targets. 

cycle and parking facilities target reason 

cycle access inside the town 60% there is a target of 
60% of cycle access 

inside the town with 
the new barriers 

  
   
   
 complement of parkings 60% new parking facilities 

create this objective 
in order to reduce 
the traffic problem 

  
   
   
 minimisation of car travel 
 

  

internal 30% reducing the number 
of trips inside the 

town, we reduce car 
accidents and the 
public transport 

benefits 

  
   
   
   
   
 external 30% 

the percentage of the 
trips outside the 

town must be 
reduced by 30 %, in 
order to benefit the 

public transports 
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energy use target reason 

dependence from petrol station 50% 
this target contains 
the reduction of the 
petrol dependence  

  
   
   
 tidal power 25% 

25 % of the needs of 
Whitby must come 
from tidal power 

  
   
   
 wind power 
 

  

  15% 

15 % of the needs of 
the town must come 

from wind power 

  
   
   
   
   
 solar power 10% 

10 % of the energy of 
Whitby must come 
from solar parks or 
fotovoltaic systems 
of many buildings 

  
   
   
   
   
   
   
   
     

 

water usage     

toilet systems 2% the toilet systems 
they will be put in 

some buildings will 
reduce the water 

usage 

  
   
   
   
 water recycling 10% the specific 

barriers they will 
be put in parking 

areas will recycle a 
percentage of rain 

water 

  
   
   
     

Table 5.7:  percentage of expected completion of specific objectives 

 



 97 

 

 

 

 

 

 

SPEAR 

The following tables show the relation of the categories of sustainable development with 

the main proposed structures of single viable solution. 

 

 

 

 

Table 5.8: societal issues that affect the proposals from -2 to 2, where -2 is the worst case and 2 
represents optimum measures 

  health and 
welfare 

user comfort-
satisfaction 

form and 
space 

access amenity inclusion 

  

High Level 
Bridge -1 1 2 0 1 -1 

Pedestrian 
Bridge 1 2 1 2 0 1 

Hotel 1 2 1 0 1 2 

Conference 
center 0 2 0 0 0 1 

Fish market 2 1 0 1 0 0 

marina 
extension 1 2 0 0 0 1 

parking 1 
(outside the 

town) 
-1 1 2 2 2 2 

parking 2 
(outside the 

town) 
-1 1 2 2 2 2 

underground 
parking -1 1 2 2 2 2 
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Table 5.9: natural recourses issues that affected from the proposals from -2 to 2, where -2 is the 
worst case and 2 optimum measures 

 

  materials water energy land utilization 
waste 

hierarchy 

High Level 
Bridge 1 2 -1 1 -1 

Pedestrian 
Bridge 0 2 -1 2 0 

Hotel 0 0 0 -1 -1 

Conference 
center 0 0 0 -1 -1 

Fish market 1 1 0 -1 -1 

marina 
extension 1 2 0 1 2 

parking 1 
(outside the 

town) 
-1 1 -1 1 0 

parking 2 
(outside the 

town) 
-1 1 -1 1 0 

underground 
parking -2 1 -2 2 -1 

 

 

 

 

  
social 

benefits and 
costs 

transport 
employment

/skills 
competition 

effects 
viability 

High Level 
Bridge 0 1 2 -1 2 

Pedestrian 
Bridge 1 0 1 0 2 

Hotel 1 -1 1 -1 0 

Conference 
center 1 -1 1 -1 0 

Fish market 1 -1 1 -1 0 
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Table 
5.10: 
economic 
issues 
that 
affected 
by the 
proposals 
from -2 to 
2, where -
2 is the 
worst 
case and 2 
optimum 
measures 

 

 

 

 

  transport 
design and 
operation 

ecology 
and 

cultural 
heritage 

water land use air quality 

High Level 
Bridge 2 1 -1 0 0 -1 

Pedestrian 
Bridge 1 1 1 0 0 0 

Hotel -1 -1 -1 0 0 0 

Conference 
center -1 -1 1 0 0 0 

Fish market -1 0 0 0 0 0 

marina 
extension 0 0 0 0 0 0 

parking 1 
(outside 

the town) 
2 0 -1 0 -1 -1 

parking 2 
(outside 

the town) 
2 0 -1 0 -1 -1 

undergroun
d parking 2 1 -2 0 1 -1 
Table 5.11: environmental issues that affected by the proposals from -2 to 2, where -2 is the worst 

case and 2 optimum measures 

Finally, the graphs below represent the individual effects of the subcategories of the 4 

main sustainability factors of all the proposals.  

marina 
extension 0 -1 -1 1 -1 

parking 1 
(outside the 

town) 
1 2 1 0 1 

parking 2 
(outside the 

town) 
1 2 1 0 1 

underground 
parking 2 2 1 1 1 
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Pie chart 5.1: portion of influence of sustainable issues to the 4 main categories 

3. New structures 

Hotel  

A luxury hotel will be constructed inside the town, in order to develop Whitby and to attract 

wealthier visitors. This hotel will not annoy the existing hotel facilities, because it will be the 

only in the area which will attract this social class. The location of the hotel is shown in 

figure 1. The area around the building has plenty of green and natural resources -in the 

vicinity- and it‟s not far away from the center of Whitby and the harbor area. Parking 

facilities will also be constructed, in order to serve the needs of the customers. This kind of 

tourists in Whitby will benefit the economy of the town, as well as the standard of living of 

the existing population. There will be spa facilities, lounge bar, restaurant, as well as pool 

and room conference inside. Oaks will be planted around the parking, as well as between 

the barriers inside. 

 

 

Figure 5.1: dimensions of the new hotel 

 

 

 

Conference center 

The level of education in Whitby should be increased. Therefore, a conference center will 

develop the city by organizing local and larger conferences. Additionally, the town and the 

hotels will benefit economically by the tourists all over the year. This center will be located 
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near the hotel. Hotel and conference building are located outside the harbor zone, 

because of the contrast with the local architecture and the sightseeing of Whitby. Oaks will 

be planted around the building, except for the entrance. 

 

 

 

Figure 5.2: location of conference center and hotel 

Fish market 

Fish market is located in the East side of the lower Harbor. The pedestriazation of the 

main road which is located the existing building of fish market will attract many visitors and 

the area needs improvement. The creation of two new traditional buildings which will 

accommodate the new fish market will increase the interest of the visitors. These buildings 

will not replace the existing fish market. They will be located right and left of the ice plant. 

In these new buildings, masonry and reinforced concrete will be used with specific 

characteristics, which are the following: 

 

Concrete  

 “Lowest grade of concrete: C40  

 Max w/c ratio: 0,50 

 Nominal cover for reinforcement (mm): 40 (35 for slabs). 

 Use of frost-resistant aggregates. 

 Minimum cement content for reinforced concrete (kg/m3): 325.” 
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Steel 

 Application of coating through galvanization to enhance expected average life of 

steel components.  

Whitby's environment falls into category 4, as regards its corrosion rates. In order to 

achieve a lifespan of 120 years, coating width must be around 240μm 

The reason for using these types of concrete and steel has to do with the restrictions 

which exist about the buildings inside the harbor zone. Additionally, lime hydraulic paint 

will be used in the buildings. 

Raft footings will be used in these buildings. The reason is that these footings carry the 

load of 2 columns in a small distance. It will be almost 2 m below the ground surface. 

Timber piles will be used, because they are inexpensive and they will carry small load. 

They will be put in at least 20 m depth (borehole no 28), because of the clay surface which 

exists there.  

 

 

Figure 5.3: fish market's location 
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Figure 5.4 dimensions of fish market's buildings 

 

New park 

A new park will be constructed near the pedestrian bridge. The purpose of this park is the 

improvement of the view of the pedestrian bridge, as well as the better environment inside 

the harbor zone of locals and tourists. A green area will be created with grass, oaks and 

bushes inside. 2 paths will cross the park. They will start from the entrance of the 

pedestrian bridge and will be constructed from concrete. Benches will be put along the 

park near paths. Harbor master‟s building will be transferred near the park, while the 

existing parking area will be removed. It is noteworthy that new park should be designed in 

way to embrace the principles of landscape architecture. Finally, a new small park will be 

created near Church Street on the East side of the pedestrian bridge. The size of the 

existing parking area will be reduced. 
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Figure 5.5: location of new parks 

 

4. Sustainability of individual proposals 

Parking facility 1 (outside of the town) 

 Land use 

Parking lot near A-174 was an area of grass that was not used in any kind of activity. The 

area the parking that will be constructed will cover the minimum land use for the 

satisfaction of the incoming drivers from A-174. 

 Landscape 

Surrounding area has a beautiful landscape full of valleys. The presence of the parking 

should not disturb this view. Thus, bushes trees will be planted on the surrounding area of 

the parking. This will prevent the disturbance of the landscape. Inside the parking area 

oaks will be planted between the lines that separate the parking seats. 

 Ecology and biodiversity 

Car exhausts harm the native animal species by causing air pollution. Thus, an 

identification of these species must be made in the specific area, in order to protect them 

efficiently. The plants in the parking area will refine -to a small extent- the gases from the 

cars. 

 Water  
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A canal system that will collect the rainwater will take place around the parking area as 

well as between parking seats and oaks. The rainwater will be used for the irrigation of the 

plants inside the parking area during the drier months. According to this system, rainwater 

will be collected in tanks and then it will be put into reservoirs for further use. 

 

 

Figure 5.6: water canals 

A small amount of the water will be used in the new park. 

 Energy  

Photovoltaic systems will be used inside the parking area, in order to be covered the light 

needs at night. The maximum duration of the lights will be 12 hours per day. Because 

lights inside the parking are the only energy receivers, photovoltaic systems can afford this 

power.  

 Use of materials 

Porous asphalt will be used inside the parking for the needs of the groundwater table. 

Durabilility of this material is the same with the common asphalt. Rainwater will pass 

through the asphalt and reach the groundwater table.  Flooding inside the parking will be 

avoided with this way as well as the extraction of new materials for the road construction 

(due to recycled). 
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Figure 5.7: porous asphalt (ebuild.com) 

 

 Nuisance  

The choice of the specific area has made for nuisance avoidance purposes. There are no 

residents near and the results of nuisance have minimized. 

 

 

Parking facility 2 (outside the town) 

 Land use 

Parking lot in prospect hill near A-171, is an area of grass which is near a residential zone. 

The specific area has not been used for any structural development and it is a legal place 

for using the parking facilities there. The area is inside the development limits of Whitby 

(according to the proposal map). 

The same plan with parking facility 1 will take place about the other issues of sustainable 

development. Major energy demands will be covered by photovoltaic systems. In case of 

further energy demands because of the size of the parking, further electricity from tidal 

energy will cover the rest. Finally, noise-resistant materials will surround the area during 

construction. This action will reduce the negative noise effects in the residents near.  

Underground parking 

 

 Land use 

Underground car parking is using an existing parking area near train station. There is no 

additional space taken for this structure. 
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 Landscape  

A green area is going to be constructed above the parking will enhance the surrounding 

area with a friendly environment to locals and tourists. Grass will be planted above the roof 

of the infrastructure in order to make the view of the area better. 

 Energy  

Underground parking has high energy demands (lights, elevator). 50 % of these needs will 

be covered by a percentage of wind and tidal power stations. The rest will be covered by 

the existing power which is provided for the city by the petrol station. Closing the function 

of the facility from 00:00 to 6:00 every day the energy needs will be reduced.  

 Use of materials 

Concrete and steel will be put in the structure, which will reduce the cost. Thus, concrete 

and steel with the characteristics of table 4 will be used. Corrosion protective materials will 

be used to ensure the avoidance of pollution of groundwater table and the protection of the 

structure. 

 Waste 

Soil from the excavation for the construction of the parking will be used in other structures 

where required. 

 Nuisance 

Pedestrian bridge 

 Land use 

The location of the new pedestrian bridge leads to adjustment of the area on the east and 

left side of the bridge with the construction of two new parks 

 Landscape 

the new bridge will be painted red in order to be adjusted to the local architecture. 

 Water 

Small ratio of water-cement, porous asphalt and layers of protecting the water from 

pollution during the construction process will enhance the minimization of water usage as 

well as the protection of River Esk 

 Energy 

Big manufactured parts of the bridge will reduce transportation in order to minimize energy 

usage 

 Use of materials 
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Minimization of the overall load of the bridge allows the placement of less piles on 

foundations. 

 Waste 

Recycled materials and the gathering of generated waste through the construction of the 

layers during the building process will enhance the minimization of the waste 

 Nuisance 

Noise-resistant materials will be put during the construction in order to reduce noise 

pollution. Finally, car‟s avoidance will eliminate any noise pollution in the area after 

construction. 

 

High level bridge 

 A specific demolition will take place in High level bridge. Sawing and coping will be the 

method of removing the parts of the bridge. The reason for choosing this type of demolition 

is because of the avoidance of the disturbance of ecology and biodiversity, as well as the 

avoidance of the air and water pollution from this action. The other proposed solution was 

the explosion of the bridge, which will have polluting effects on the surrounding 

environment. 

 Land use 

The transfer of the new High Level Bridge few meters away from the existing one will not 

have a further effect to the existing environment.  

 Water 

Pollution of River Esk is a major issue during construction and demolition process. 

Transfer of big parts of the new cable bridge will help preventing pollutants move into the 

river. During the construction of the columns, protective material will be put around the 

area in order to prevent pollution from the materials will be used.  

 “Crack and seat” and “sawing and coping” methods for demolition of the old High Level 

Bridge will enhance the prevention of the water pollution. Dynamite techniques are usually 

used on bridges, but they are too expensive and pollutant while they are more efficient 

methods.  

The proposed materials for the foundations and the columns must have a high grade of 

durability, as well as good protection of corrosion in order to reduce water pollution from 

materials some years after construction. 

 Energy 

Another advantage of the proposed demolition method from the dynamite method is the 

lower energy usage. The ready big parts of the bridge will be used require less 

transportation cost, as well as less energy in order to construct the bridge. 
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 Use of materials 

Porous asphalt has been explained earlier on parking facilities. The construction will take 

place all over the bridge. This material is suitable for avoiding problems from rainstorm. 

Concrete will have a ratio of water-cement under 0,40 in order to maintain high durability 

and less corrosion. Steel is another material should be used properly during construction.  

Hot dip galvanization will be used as a corrosion protection method. The main advantage 

is that each part of galvanized component is fully protected. Another major issue is the 

reduction of materials usage during construction. Cables reduce the overall load of the 

structure. The column will carry the cables will carry bigger load. Piles in other columns will 

be reduced because of the minimum load they carry. Finally, special surface preparation 

will take place before painting process. Layers will be created in the factory in order to 

reduce environmental pollution during painting process. 

 

 Waste 

Tracks will transfer during demolition process the removed parts from the area into 

recycling center. The parts will be used in other structures will be remain into the tracks 

and will transfer in a safe place until they will be used. Ready manufactured parts during 

construction will also eliminate the waste pollution.   

 Nuisance 

Noise-resistant material will be used during construction in the area for avoidance of noise 

pollution in the surrounding environment, especially for the species that exist in the area. 

 

  New park 

The new park will be constructed near the pedestrian bridge on west side of River Esk will 

add a green environment in the area of the harbor. The previous area of the parking as 

well as the building of the harbor master must be transfered. The previous parking area 

was a big profit for the city. The profit from the underground parking will balance the cost. 

This park will become a house for many species and a friendly environment for visitors and 

locals. Water needs will be covered by the water will be received from canal systems of 

the two new parking facilities outside the town.  The energy needs for the lights inside the 

park will be covered by the wind power plant of the area. Concrete porous pavers will be 

used for the construction of the paths inside the park. This system allows the rainwater to 

pass through the concrete to the soil. Removal of the existing building in order to be 

constructed the park demands careful use of the demolition and the materials as well. 

These materials will be transferred to recycling centers. Finally, the park will enhance the 

new attraction in the city of the new pedestrian bridge and will become a non-pollutant 

environment which will support the health of the people with walks inside. Recycle bins will 

be put all over the park. 
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Fish market 

2 new facilities will be constructed in lower harbor, which will enhance the fish market. 

Local stone for the walls and limewire paint will maintain the local architecture and will 

enhance (with the pedestrian road near) the area. Recycled concrete from the demolition 

of High Level Bridge will be used for the footing. Recycle bins will be put in both buildings. 

Early morning hours will be used for the feed of the fish market.  Solar energy via 

photovoltaic systems will be used in both buildings for covering their needs. Finally, low 

flow toilets and faucets will reduce the water usage inside the building.  

 

Figure 5.8: low flow toilets 

 

Further sustainable issues 

 Project environmental management 

Developing public transport inside Whitby demands environmental clean buses. Hybrid 

buses will replace the existing ones and will reduce CO2 emissions in the region. 

Educational lessons could also take place inside the schools of Whitby referring the 

importance of a clean city. Finally, manufactured parts will be connected of the structures 

will be put during the construction where it is required. This action will reduce the pollution 

during the construction for structures like the bridges and the parking facilities. Finally, a 

further investigation must take place in the upper harbor for constructing a leisure center. 

This center can enhance job creation in the city and entertain locals and tourists. 

 

 Archaeology and cultural heritage 

An additional road to Abbey will enhance the accessibility towards the monument. 

Furthermore, an underground survey must take place before the excavation of any 

construction. All the ancient items that will be found in the field will be accommodated in a 

specific area of the city‟s museum. Finally, guided tours will take place in the Abbey. 
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 Water  

During construction inside the harbor zone concrete will be used in many structures. The 

ratio of cement and water has to be lower than 0.50. A ratio under 0.40 for every structure 

will minimize the water usage. Extended reference of this chapter is presented below 

(sustainability of individual proposals). 

 Energy  

In all structures, recycled materials must be used. This choice is much more preferable 

because of the large durability difference between re-used and recycled materials, as well 

as because of their ability to consume less energy in comparison with the manufactured 

materials. In particular, recycled materials follow the next route: 

Landfill zone-incineration-recycling-reuse 

A plan of 3 renewable sources of energy will take place in Whitby in order to reduce petrol 

dependence. 

Tidal energy 

A tidal power station is going to be constructed to the ocean. The entrance will be at the 

new bound mound structure. Figure shows the general form of this type of power station 

Wind energy 

This type of energy requires further investigations about the wind strength in the region to 

enable the construction of a small wind park 

Solar energy 

Solar energy is the only immediate energy source that can be used in some of the 

structures with the construction of photovoltaic systems inside. 
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Figure 5.9: photovoltaic, wind park, tidal energy 

 

• Use of materials 

A new method will take place where appropriate. Cut and fill method reduces  generated 

waste and reuses existing materials. This technique will take place by using the materials 

from the demolition of High Level Bridge. Concrete will be used for the construction of the 

underground parking‟s walls as well as for the foundations of the proposed civil 

engineering works. Concrete will be removed from the parking where the new park is 

located and will be transferred to the recycling center.      

 Transport  

Further investigation of new train lines must be carried out, to achieve better connection 

with other cities of the country. New pedestrian roads and bicycle lanes will enhance 

easier access in every place inside the town and will improve the life quality of the locals. 

 Community 

The proposed action will bring new tourists which will deal with the locals. One of the 

project purposes is the enhancement of the better relationship between Whitby and the 

rest of the country. Thus, the conference center, as well as the enhancing proposals of the 

harbor zone will attract many people. 
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CHAPTER 6 
 

Whitby Marina Proposed expansion                           

 

Whitby has very strict construction and planning conditions because of the style and 

character of its architecture and the historical ambience of the area. Because of this and 

because of its relaxing and peaceful atmosphere the town attracts a lot of visitors some of 

who select to retire there. 

In a bid to develop and diversify the town‟s economic, leisure and cultural environment it is 

proposed that the marina is further extended to provide additional berths for both resident 

and visiting leisure craft and provide much needed improvements to facilities. In addition, 

the area will benefit from rock revetment works to the river bank and landscaping around 

the marina. 

Recent history of Whitby Marina in brief is as follows: 

 1979 saw the completion of dredging in the upper harbour and the laying of 251.5m 

of floating pontoon with 122m of drying pontoon and 2.4 hectares of reclaimed land 

adjacent for car parking and marine-orientated industries. 

 The Church Street Pontoon was completed in 1991 and the Party Pontoon in 1995. 

The following were kept in mind when considering possible alternatives for the extension: 

 Changing water level 

 Possibilities of further future marina development and expansion. 

 Environmental impact 

 Future maintenance and repair 

 Architecture style of Whitby and local people attitudes 

 

Because of the frequently changing water level in Whitby marina, environmental impact 

considerations, weather conditions, possible future development and or expansion and 

easy maintenance and repair a floating dock solution which self adjusts to fluctuating water 

level and conditions is being proposed.  

A good quality heavy duty box truss steal frame system, hot dip galvanized to withstand 

even the most rigorous tests of time and weather is being suggested to be used for the 
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docks. Heavy duty interlinked polypropylene floats approximately 0.5(W)X0.5(L)x0.4(H) m 

will provide dock support and buoyancy.  

A floating dock adjusts to fluctuating water conditions – the unique design of the float 

chambers hold air on the surface of the water for support and buoyancy. As the water 

levels change the dock raises and lowers. The system is flexible, the floats are easy to 

interlink and carry a frame with decking to suit. 

The docks covering will be made from premium quality kiln dried cedar with a pure cedar 

colour for longer life lasting and to support and blend with the architectural style of the 

area. 

To hold the docks in place concrete piles CP-40 will be used. The piles for the foundation 

of the docks will be 10 inch diameter each again for longer life lasting and better stability. 

Wheel type sliding bushings will be fitted in the dock links to reduce friction between docks 

and piles. Pile foundation choice made will create least disturbance to the local marina sea 

bed and any life at the bottom of the sea bed will be reasonably saved and kept unharmed. 

Proposed dock extension dimensions will be: Walkways about 2m wide and berthing 

spaces 10mX10m wide.  

 

 

 

Figure: 6.1 Marina Expansion (Proposed site layout) 
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Assumption: The expansion of the marina may accommodate roughly 36 boats 

Note: Walkways will be about 2m wide and berthing spaces be 10m x 10m wide 
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CHAPTER 7 

Method Statement and Risk Assessment  

1. Method Statement - general                                           

Even though a certain degree of delay is inevitable during any technical project, careful 

planning of the various activities -prepared at an early stage- eventually would prove to 

save a considerable amount of time, in ensuring a smooth and efficient execution of the 

project while at the same time also help identify and prevent or eliminate hazards related 

to the project in the process.  

Once the hazards and risks are identified and the Method Statement is prepared it is used 

to control the operation and to ensure that all concerned are aware of the hazards 

associated with the works and the precautions taken. 

Some general considerations taken into account in the Method Statement are: 

 

Planning 

The key to achieving efficient and safe working conditions and therefore a successfully 

executed project   is to ensure that all issues are foreseen and addressed as early as 

possible and controlled, monitored and reviewed thoroughly on a regular basis. 

 

Resources 

Planning for what resources required for a project is very important. Prediction of the 

procedures, material, equipment and manpower requirements is essential to avoid 

shortages and delays at any stage and thus ensure smooth continuity and execution of the 

works. 

Planning would also include the financial resources or backing of the project, cash flow 

and contingency considerations.   This report however, concentrates on rather the general 

and Health and Safety considerations and does not expand on the financial. 

 

 

 

Authority 

Authority, hierarchy, position and relevant responsibilities of personnel should be clearly 

be set out and understood by all within the workplace. 
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Competency 

Competency is vital and construction conducted by competent engineers and workers with 

former experience in similar projects is helpful, however where this is not possible then 

appropriate training and instruction should be provided. 

 

H&S considerations 

Before commencing any kind of construction development and activity a full investigation 

and consideration of all appropriate precautions should be made regarding health and 

safety within and around all workplaces were construction would take place to ensure that 

all risk and hazard elements have been identified and that proper health and safety 

measures have been taken and that there are safe working conditions with no risk to the 

safety and health or of injury to workers and public alike. 

 

Security 

A workplace should be effectively fenced off with barriers about 2m high and adequately 

signposted to protect and prevent the public especially children from unauthorised site 

entry.  

In case that the site gates open onto main traffic routes it may be necessary to take such 

measures as to provide proper viewing and visibility both for entering as well as exiting. 

Entry, exit, lock up and unlocking should be organised, controlled and monitored by the 

site engineers office.  

Any visitor(s) entering the site should be accompanied by an authorised competent person 

and provided with suitable protective equipment and if necessary, instruction. 

 
 

 

Welfare facilities 

Welfare facilities such as sanitary, washing with hot and cold water, toilet with flushed 

water, drinking water, should be provided as close as practically possible. 

Emergency and first aid facilities by competent personnel should be available. 

Change room(s) where workers could change, take a shower, dry, store in lockers their 

clothes or personal belongings should be provided. 

Rest room(s) where workers could take a break, a meal or shelter during unfavourable 

weather conditions should be available. 
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Facilities to be provided according to the number of workers, type and duration of work. 

Separate sanitary and washing facilities for men and women if applicable. Such facilities 

should be kept clean and maintained at all times and should comply with the requirements 

of the competent authority. 

 

Waste Materials 

All remains and waste materials should be divided in two categories (recycle or not) and 

removed from the site on regular basis to keep workplace free and clear of debris, 

obstacles, tripping hazards etc. 

Materials to be recycled should first be analyzed then recycled as appropriate. 

 

Storage Areas 

Storage of material should be kept to a minimum and maintained within the workplace in 

convenient safe and shaded, if required, areas causing least congestion with the work and 

worker activities and movements.  

All material whether in storage, use or transit should always be kept in a tidy condition so 

that the workplace, walkways any stairways and driveways would be free at all times of 

tripping hazards such as trailing cables, building materials and waste. This applies and is 

especially important for emergency routes and exits.  

Floors inside storage areas should be clean and the footpaths outside storage areas 

should be level and fixed and shouldn‟t be used for any kind of storage. 

In case material is stored at a height (e.g. on top of a container or a scaffold gantry), 
guard rails or edge protection should be in place or they should be tied and secured so as 
to prevent them from falling on somebody working under while proper safety procedures 
should be maintained by workers stacking or collecting such material. 

 

General tidiness and housekeeping 

Tidiness and good housekeeping should be a rule within the site with material, tools and 

equipment kept or stored in their respective appropriate places while footpaths, stair ways, 

access ways, driveways and emergency routes kept clear at all times. 

 

Precautions in case of emergency 

In case of an emergency such as fire, earthquake, flood, fall in water or any other kind of 

emergency that may occur an audible and/or visible warning device (depending on the 

size and complexity of the site) should be set up to alert workers. 
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In such an event there will be a pre-organised and set emergency drill routine by which 

workers on site will gather in prearranged points on site. 

Also in such an event, there will be an emergency action team consisting of pre-nominated 

individuals who will take charge and control of actions depending on the emergency. 

The emergency warning device will be tested and the emergency action team provide 

training drills at regular intervals. 

 

Accommodation 

Subject to further planning and project progress detailed manpower requirement 

considerations should be produced with the aim to investigate accommodation needs, that 

is the ability of the local infrastructure to support the required number of workers over an 

extended period of time, including housing, transportation and other services and consider 

difficulties, risks and possible solutions. 

   

Weather considerations  

Extreme weather conditions may impact on project safety and adversely affect work 

progress. 

Weather forecast will therefore regularly be monitored and activities amended to suit. 

 

 

2.  Method Statement - Specific considerations: 

Specific Method Statement considerations for the works proposed in this report: 

 

 

NEW PEDESTRIAN BRIDGE AND NEW HIGH LEVEL BRIDGE 

 Suitable access will be provided to the working areas, and shall be manned 

continuously. 

 Signs and barriers will be erected as necessary to warn and prevent access to the 

working areas or to specifically direct traffic and pedestrians, safely through or to 

detour, if applicable. 

 All current legislation and codes of practice concerned with the works will be strictly 

complied with.  

 A programme of works will be drawn up with all parties informed. 
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 First aid facilities and an experienced first aider will be always available on site. 

 All staff and subcontractors will be fully briefed as to the site hazards before any 

work is commenced. 

 Training and instruction will be given to staff on project and work specific (bridge 

construction) requirements including sea rescue and emergency procedures. 

 All operatives working on site shall wear safety boots and helmets at all times. 

Additional safety gear e.g. gloves, goggles, ear protection, face masks, respirators, 

safety harness etc. shall be provided as required. 

 Formwork, ladders and scaffold shall be adequately placed, erected and secured. 

 Edge protection will be provided as necessary. 

 Materials, plant and equipment to be stored in designated areas. 

 Debris from site shall be removed safely and regularly. 

 

 

SWING BRIDGE MAINTENANCE 

 Suitable access will be provided to the working area, and shall be manned as 

required. 

 Signs and barriers will be erected as necessary to warn and prevent access to the 

working areas or to specifically direct traffic and pedestrians, safely through or to 

detour, if applicable. 

 All current legislation and codes of practice concerned with the works will be strictly 

complied with.  

 A programme of works will be drawn up with all parties informed. 

 All staff and subcontractors will be fully briefed as to the site hazards before any 

work is commenced. 

 Training and instruction will be given to staff on project and work specific 

requirements including sea rescue and emergency procedures. 

 All operatives working on site shall wear safety boots and helmets at all times. 

Additional safety gear e.g. gloves, goggles, ear protection, face masks, respirators, 

safety harness etc. shall be provided as required. 

 Ladders and scaffold shall be adequately placed, erected and secured. 

 Edge protection will be provided as necessary. 
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 Materials, plant and equipment to be stored in designated areas. 

 Debris from site shall be removed safely and regularly. 

 

 

 HIGH LEVEL BRIDGE DEMOLITION 

 Suitable access will be provided to the working area, and shall be manned 

continuously. 

 Signs and barriers will be erected as necessary to warn and prevent access to the 

working area or to specifically direct traffic and pedestrians, safely through or to 

detour, if applicable. 

 All current legislation and codes of practice concerned with the works will be strictly 

complied with.  

 A programme of works will be drawn up with all parties informed. 

 All staff and subcontractors will be fully briefed as to the site hazards before any 

work is commenced. 

 Training and instruction will be given to staff on project and work specific (bridge 

demolition) requirements including sea rescue and emergency procedures. 

 All operatives working on site shall wear safety boots and helmets at all times. 

Additional safety gear e.g. gloves, goggles, ear protection, face masks, respirators, 

safety harness etc. shall be provided as required. 

 Ladders and scaffold shall be adequately placed, erected and secured. 

 Edge protection will be provided as necessary. 

 Dust barriers will be erected as necessary. 

 Materials, plant and equipment to be stored in designated areas. 

 Debris from site shall be removed safely and regularly. 

 

 

UNDERGROUND PARKING CONSTRUCTION 

 Suitable access will be provided to the working areas, and shall be manned 

continuously. 
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 Signs and barriers will be erected as necessary to warn and prevent access to the 

working areas or to specifically direct traffic and pedestrians, safely through or to 

detour, if applicable. 

 All current legislation and codes of practice concerned with the works will be strictly 

complied with.  

 A programme of works will be drawn up with all parties informed. 

 All staff and subcontractors will be fully briefed as to the site hazards before any 

work is commenced. 

 Training and instruction will be given to staff on project and work specific (bridge 

construction) requirements including sea rescue and emergency procedures. 

 All operatives working on site shall wear safety boots and helmets at all times. 

Additional safety gear e.g. gloves, goggles, ear protection, face masks, respirators, 

safety harness etc. shall be provided as required. 

 Formwork, ladders and scaffold shall be adequately placed, erected and secured. 

 Edge protection will be provided as necessary. 

 Materials, plant and equipment to be stored in designated areas. 

 Debris from site shall be removed safely and regularly. 

 

 

MARINA EXPANSION WORK 

 Suitable access will be provided to the working areas, and shall be manned as 

necessary. 

 Signs and barriers will be erected as required to warn and prevent access to the 

working areas or to specifically direct traffic and pedestrians, safely through or to 

detour, if applicable. 

 Work done at sea will be adequately marked with buoys. A boat will also provide 

additional warning/shadow protection when divers work underwater.  

 All current legislation and codes of practice concerned with the works (marine 

construction, subsea works and diving) will be strictly complied with.  

 A programme of works will be drawn up with all parties informed including and in 

liaison with the Harbour master. 

 All staff and subcontractors will be fully briefed as to the site hazards before any 

work is commenced. 
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 Training and instruction will be given to staff on project and work specific (marine 

works/construction) requirements including sea rescue and emergency procedures. 

 First aid facilities and an experienced first aider will be always available on site. 

 For some tasks and in case of emergency a rescue boat and equipment will be 

available with staff trained in their use.  

 All operatives working on site shall wear safety boots and helmets at all times. 

Additional safety gear e.g. gloves, goggles, ear protection, face masks, respirators, 

safety harness etc. shall be provided as required. 

 Materials, plant and equipment to be stored in designated areas. 

 Debris from site shall be removed safely and regularly. 

 

 

COSTAL EROSION AND FLOODING WORKS 

 Suitable access will be provided to the working areas, and shall be manned as 

necessary. 

 Signs and barriers will be erected as required to warn and prevent access to the 

working areas or to specifically direct traffic and pedestrians, safely through or to 

detour, if applicable. 

 Work done at sea will be adequately marked with buoys. A boat will also provide 

additional warning/shadow protection when divers work underwater.  

 All current legislation and codes of practice concerned with the works (marine 

construction, subsea works and diving) will be strictly complied with.  

 A programme of works will be drawn up with all parties informed including and in 

liaison with the Harbour master. 

 All staff and subcontractors will be fully briefed as to the site hazards before any 

work is commenced. 

 Training and instruction will be given to staff on project and work specific (marine 

works/construction) requirements including sea rescue and emergency procedures. 

 First aid facilities and an experienced first aider will be always available on site. 

 For some tasks and in case of emergency a rescue boat and equipment will be 

available with staff trained in their use.  
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 All operatives working on site shall wear safety boots and helmets at all times. 

Additional safety gear e.g. gloves, goggles, ear protection, face masks, respirators, 

safety harness etc. shall be provided as required. 

 Materials, plant and equipment to be stored in designated areas. 

 Debris from site shall be removed safely and regularly. 
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Hazard Analysis And Risk Assessment Statements     

 

1. NEW PEDESTRIAN BRIDGE AND NEW HIGH LEVEL BRIDGE  (CABLE 

Bridge) HAZARDS 

 

RISK ASSESSMENT 

 

Risk Hazard description Possible control strategies 

Accidental 

immersion in the 

water, either partial 

or total. 

Hypothermia, Drowning, 

Health risks. 

 • All staff should be trained in 

rescue techniques e.g. throw 

line and know of emergency 

procedures.  

• For some tasks a boat 

should be available in case of 

emergency with staff trained 

in its use.  

• Rescue equipment should 

be located where it would be 

quickly, easily reached and 

used.  

• Spare warm dry clothing 

should be available. 

Emergency blanket, warm 

drinks especially in cold 

weather. 

Working on steep, 

slippery, unstable, 

floating structures or 

floating equipment, 

debris covered 

ground, which may 

cause staff to fall 

into water. 

Bruises, fractures, 

wounds, concussion, 

drowning, health risks, 

hypothermia. 

• Delay the task until wet, 

muddy, slippery slopes have 

dried. 

• Remove or consolidate 

debris or other unstable 

material.  

• Remove or highlight trip 

hazards. 

• Steep ground above deep 

water should be avoided 

unless it is possible to 

construct a safety fence or 
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other barrier below the work 

site. 

• Wear safety boots with good 

grip. 

• Floating structures should, if 

necessary to ensure 

protection, be provided with 

shelters. 

• Floating operational 

equipment should be 

provided with sufficient and 

suitable rescue equipment 

such as lifelines, gaffs and 

ring buoys. 

 Workplace 

Transport 

 

People being struck or run 

over by vehicles. Example 

road roller  

• Rollers should not move 

downhill with the engine out 

of gear. 

• When roller is not in use: 

• The breaks should be 

applied. 

• The engine should be put 

into bottom gear if the roller is 

facing uphill. 

• The engine should be put 

into reverse if the roller is 

facing downhill. 

• The contact should be 

switched off. 

• The wheels should be 

blocked. 
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Chemical and toxic 

materials 

 

 

 

 

 

 

 

 

 

 

 

Severe burns, fatigue, 

poor appetite, throat and 

eye irritation. 

Certain forms of cancer 

that may be caused from 

very hot asphalt, 

bituminous materials or 

other chemicals.  

• Personal protective 

equipment such as gloves for 

high temperatures and 

resistant against toxic 

materials.  

• Eye and face protection, 

respiratory protection for 

fumes.  

• Specific clothing and boots 

for temperature insulation 

and/or chemical resistance. 

• Workers get rest at frequent 

and regular intervals. 

Falls from height Falls from height - people. 

 

• Edge protection, for 

example toe boards and 

guard rails. 

• People involved should 

wear safety harnesses at all 

times. 

• Maintaining a safe distance 

from an edge. 

• Installation of safety nets 

wherever required. 

Falls from height Falls from height - objects. 

 

• Provide barriers, for 

example toe boards or mesh 

guards to prevent items from 

slipping or being knocked off 

the edge of a structure. 

• Secure objects to the 

structure, for example lashing 

of scaffold boards. 

• Ensure that there are no 

loose objects and that any 
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tools are properly secured. 

• Create an exclusion zone, 

where necessary, beneath 

areas where work is taking 

place. 

 

Manual lifting, 

handling 

 

Hit by falling objects due 

to improper lifting 

techniques.  

 

• Engage pre-planning 

activities.  

• Provide, check and use 

appropriate and adequate 

personal protective 

equipment.  

• Conduct training on correct 

lifting techniques. 

Manual lifting, 

handling 

 

 

 

Back injuries, ligaments 

injuries. 

Slip and fall. 

• Lifting equipment should be 

provided wherever 

appropriate or if not 

applicable more than one 

hand should handle the load. 

Injury from ropes Limb burns and other 

body injuries. 

Falls from height objects. 

 

• Briefing to emphasise the 

dangers of swinging ropes 

around or in close proximity of 

others. 

• Participants to be kept away 

from areas where ropes are 

under tension and in danger 

of snapping. 

• Gloves to be worn when 

working with ropes especially 

when tensioning to avoid 

friction burns. 

• Only ropes with known and 

adequate safe working 

capacity should be used as 

lifting ropes. 

• Lifting ropes should be 



 130 

installed, maintained and 

inspected in accordance with 

manufacturers‟ instructions 

and national laws/regulations. 

• Repaired steel ropes should 

not be used on hoists. 

• Where multiple independent 

ropes are used, for the 

purpose of stability, to lift a 

work platform, each rope 

should be capable of carrying 

the load independently. 

Climatic conditions 

such as: high winds, 

sea level changes, 

high level waves 

Instability of floating crane 

therefore lifting materials 

can be unstable. Falling 

objects may hit and crash, 

destroy nearby properties 

and structures. 

• Lifting operations should not 

be continued under climatic 

conditions such as high 

winds, sea level changes, 

high level waves. 

Temporary instability The structure might 

collapse during erection. 

• When necessary to prevent 

danger, parts of structures 

should be adequately shored, 

braced or otherwise 

supported. 

• Structure should not be left 

in a condition in which it could 

be brought down by wind 

pressure or vibration. 

Table 7.1 

Note: WHO MIGHT BE HARMED  

1. Employees, workers 

2. Private properties (boats, vehicles), nearby structures 

3. Locals, visitors 

4. Wild life (sea Life) 
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2. MAINTENANCE OF SWING BRIDGE HAZARDS 

 
RISK ASSESSMENT 
 

Risk Hazard description Possible control 

strategies 

Accidental 

immersion in the 

water, either partial 

or total. 

Hypothermia, Drowning, 

Health risks. 

• All staff should be trained 

in rescue techniques e.g. 

throw line and know of 

emergency procedures.  

• For some tasks a boat 

should be available in case 

of emergency with staff 

trained in its use.  

• Rescue equipment should 

be located where it would 

be quickly, easily reached 

and used.  

• Spare warm dry clothing 

should be available. 

Emergency blanket, warm 

drinks especially in cold 

weather. 

Working on steep, 

slippery, unstable, 

floating structures or 

floating equipment 

or debris covered 

ground, which may 

cause staff to fall 

into water. 

Bruises, fractures, 

wounds, concussion, 

drowning, health risks, 

hypothermia 

• Delay the task until wet, 

muddy, slippery slopes 

have dried. 

• Remove, clear or 

consolidate debris or other 

unstable material.  

• Remove or highlight trip 

hazards. 

• Steep ground or levels 

above deep water should be 

avoided unless it is possible 

to construct a safety fence, 

net or other barrier below 

the work site. 

• Wear safety boots with 
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good grip. 

• Floating structures should, 

if necessary to ensure 

protection, be provided with 

shelters. 

• Floating operational 

equipment should be 

provided with sufficient and 

suitable rescue equipment 

such as lifelines, gaffs and 

ring buoys. 

Operation of road 

scraper 

• Major damage to limbs 

• Eye damage may result 

from flying pieces or 

splinters of bitumen, 

aggregate or concrete 

• Hearing damage may 

result from noise 

exposure. 

• Keep limbs clear of 

rotating or moving parts or 

blades at all times. 

• Eye protection must be 

worn i.e. goggles, visor. 

Employees to receive 

instruction in use. 

• Hearing protection must 

be used i.e. ear muffs, ear 

plugs. Employees to be 

trained in use. 

 Workplace 

Transport 

 

People being struck or run 

over by vehicles. Example 

road roller. 

• Rollers should not move 

downhill with the engine out 

of gear. 

• When roller is not in use: 

  • The brakes should be 

applied. 

  • The engine should be put 

into bottom gear if the roller 

is facing uphill. 

  • The engine should be put 

into reverse if the roller is 

facing downhill. 

  • The contact should be 

switched off. 

  • The wheels should be 
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blocked. 

Chemical and toxic 

materials 

Severe burns, fatigue, 

poor appetite, throat and 

eye irritation. 

Certain forms of cancer 

can be caused from very 

hot asphalt or other 

chemicals such as paint 

solvents or removers.  

• Provide personal 

protective equipment for 

high temperatures, toxic 

materials eye and face 

protection, respiratory 

protection as required. 

• Workers get frequent and 

regular rest breaks. 

Working at height. 

Falls from height. 

Falls from height - people. 

 

• Ladders and scaffold 

should be adequately 

placed, erected and 

secured.  

• Provide edge protection, 

for example toe boards and 

guard rails. 

• People involved should 

wear safety harnesses at all 

times. 

• Maintaining a safe 

distance from an edge. 

• Installation of safety nets 

wherever required. 

Falls from height Falls from height - objects. 

 

• Ladders and scaffold 

should be adequately 

placed, erected and 

secured.  

• Provide barriers, for 

example toe boards or 

mesh guards to prevent 

items from slipping or being 

knocked off the edge of a 

structure. 

• Secure objects to the 

structure, for example 
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lashing of scaffold boards. 

• Ensure that there are no 

loose objects and that any 

tools are properly secured. 

• Create an exclusion zone, 

where necessary, beneath 

areas where work is taking 

place. 

Manual lifting, 

handling 

 

Hit by falling objects due 

to improper lifting 

techniques  

 

• Engage pre-planning 

activities.  

• Provide, check and use 

appropriate and adequate 

personal protective 

equipment.  

• Conduct training on 

correct lifting techniques. 

Manual lifting, 

handling 

 

Back injuries, ligament 

injuries. 

Slip and fall. 

• Lifting equipment should 

be provided wherever 

appropriate or if not 

applicable more than one 

hand should handle the 

load. 

Injury from ropes Limb burns and other 

body injuries. 

Falling from height 

objects. 

 

• Briefing to emphasise the 

dangers of swinging ropes 

around or in close proximity 

of others. 

• Participants to be kept 

away from areas where 

ropes are under tension and 

in danger of snapping. 

• Gloves to be worn when 

working with ropes 

especially when tensioning. 

• Only ropes with a known 

and adequate safe working 

capacity should be used as 

lifting ropes. 

• Lifting ropes should be 
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installed, maintained and 

inspected in accordance 

with manufacturers‟ 

instructions and national 

laws or regulations. 

• Repaired steel ropes 

should not be used on 

hoists. 

• Where multiple 

independent ropes are 

used, for the purpose of 

stability, to lift a work 

platform, each rope should 

be capable of carrying the 

load independently. 

Table 7.2 

Note: WHO MIGHT BE HARMED  

1. Employees, Workers 

 

2. Private properties (boats, vehicles), nearby structures 

3. Visitors, locals 

 

 

 

 

 

 

 

 

 

3. HIGH LEVEL BRIDGE DEMOLITION HAZARDS 

 

RISK ASSESSMENT 

Two types of demolition methods are proposed to be used: 

Sawing and Coping 

Crack and Seat 
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Risk Hazard description  Possible control strategies 

Operation of high 

speed rotating 

machinery with saw 

blade/cutting wheel. 

• Major damage to limbs. 

 

• Eye damage may result 

from flying pieces or 

splinters of bitumen, 

aggregate or concrete 

 

• Hearing damage may 

result from noise exposure. 

• Keep limbs clear of the 

blade or moving parts at all 

times. 

• Eye protection must be worn 

i.e. goggles, visor. Employees 

to receive instruction in use. 

• Hearing protection must be 

used i.e. ear muffs, ear plugs. 

Employees to be trained in 

use. 

Operation of 

Guillotine hammer 

 

• Major damage to limbs. 

 

• Eye damage may result 

from flying pieces or 

splinters of bitumen, 

aggregate or concrete. 

 

• Hearing damage may 

result from noise exposure. 

• Keep limbs clear of hammer 

at all times. 

• Eye protection must be worn 

i.e. goggles, visor. Employees 

to receive instruction in use. 

• Hearing protection must be 

used i.e. ear muffs, ear plugs. 

Employees to be trained in 

use. 

• Conduct regular hearing 

tests for personnel.  

• Conduct regular noise level 

measurements/monitoring. 

Operation of 

Hydraulic Breakers 

 

• Major damage to hands. 

 

 

 

 

• Eye damage may result 

from flying pieces or 

splinters of bitumen, 

aggregate or concrete 

 

• Hearing damage may 

• Wear suitable protective 

rubber gloves to reduce 

vibrations and impact through 

hands. Operators should rest 

every few minutes. 

• Eye protection must be worn 

i.e. goggles, visor. Employees 

to receive instruction in use. 

• Hearing protection must be 

used i.e. ear muffs, ear plugs. 

Employees to be trained in 

use. 

• Reduce the exposure of 

http://www.usinenouvelle.com/industry/cp-georges-renault-3381/medium-hydraulic-breakers-p49145.html
http://www.usinenouvelle.com/industry/cp-georges-renault-3381/medium-hydraulic-breakers-p49145.html
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result from noise exposure. workers where possible. 

 

Workplace Transport 

 

People being struck or run 

over by vehicles. 

 

 

• Ensure that the design and 

layout of the workplace 

enables separation of 

vehicles and pedestrians as 

much as possible. 

• Provide one way traffic 

systems which are clearly 

marked using direction, give 

way and no entry signs and 

avoid sharp or blind bends on 

vehicle routes. 

• Try to eliminate the need for 

reversing and where this is 

not possible ensure a safe 

system of work is provided, 

e.g. identify and mark 

“reversing areas” so that they 

are obvious. 

• Exclude pedestrians from 

these areas and fit audible 

warning devices and flashing 

beacons to vehicles.  

• If a person is used to guide 

a vehicle ensure that there is 

a system of work which 

avoids the need to stand 

behind the vehicle, involves 

clear agreed hand signals 

and where drivers are 

instructed to STOP if the 

guide goes out of view at all. 

Workplace Transport 

 

People being struck by 

objects falling from vehicles. 

 

 

• Ensure that the design and 

layout of the workplace 

enables separation of 

vehicles and pedestrians as 

much as possible. 

• Provide one way traffic 

systems which are clearly 
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marked using direction, give 

way and no entry signs and 

avoid sharp or blind bends on 

vehicle routes. 

• Ensure material and objects 

properly loaded/stacked and 

covered/secured 

Collapse of 

temporary works 

equipment or other 

equipment (cranes, 

tower cranes or 

other) 

People being struck or die. • Sufficient ground 

preparation should be 

undertaken. 

• In case of a tower crane 

installation an adequate 

concrete foundation should 

present. 

Falls from height Falls from height - people. 

 

• Edge protection, for 

example toe boards and 

guard rails. 

• People involved should wear 

safety harnesses at all times. 

• Maintaining a safe distance 

from an edge. 

• Installation of safety nets 

wherever necessary. 

Falls from height Falls from height - objects. 

 

• Provide barriers, for 

example toe boards or mesh 

guards to prevent items from 

slipping or being knocked off 

the edge of a structure. 

• Secure objects to the 

structure, for example lashing 

of scaffold boards. 

• Ensure that there are no 

loose objects and that any 

tools are properly secured. 

• Create an exclusion zone, 

where necessary, beneath 

areas where work is taking 

place. 
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Table 7.3 

Note: WHO MIGHT BE HARMED  

1. Employees, workers  

2. Private properties and nearby structures 

3. Visitors, general public 

 

 

 

 

 

Abseil survey 

 

Falls from heights 

 

• Use of cherry-picker in 

preference to abseiling. 

Collapse of already 

weakened structure 

 

People and nearby 

structures hit by weakened 

structure. 

 

• Parts of structure that can 

cause any kind of hazard 

should be adequately shored, 

braced or otherwise 

supported. 

• Structure should not be left 

in a condition in which it could 

be brought down by wind 

pressure or vibration. 

• Demolition activities should 

not be continued under 

climatic conditions such as 

high winds, which could 

cause the collapse of already 

weakened structure. 

Manual lifting and 

handling. 

 

• Cause injury due to 

improper lifting or handling. 

• Hit by falling objects due 

to improper lifting 

techniques.  

 

• Conduct training on correct 

lifting and handling. 

• Engage pre-planning 

activities.  

• Provide, check and use of 

appropriate & adequate 

personal protective 

equipment.  
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4. UNDERGROUND PARKING CONSTRUCTION HAZARDS  

 

RISK ASSESSMENT 

 

 

Risk Hazard description  Possible control strategies 

Cave in  Earth or rock around the 

hole collapses. 

• Shoring, battering, benching 

or backfilling.  

• Consult with an expert. 

Instability of 

adjoining structures 

Structures surrounding the 

excavation site can become 

unstable. 

• Underpinning of the 

adjoining structure(s) or 

construction of retaining 

walls.  

• Minimise vibration on the 

excavation site by appropriate 

choice of plant to undertake 

the work.  

• Review the system of work 

to minimise the times that 

vibration causing plant are 

working simultaneously.  

 

Contaminated 

environment 

Contaminants can be 

uncovered during 

excavation. These can 

include; gases, toxic 

chemicals, microorganisms, 

radioactive waste, dust, 

asbestos, synthetic mineral 

fibres.  

Contaminants can be 

breathed in, swallowed or 

absorbed through the skin. 

• Prior to excavation work an 

expert with appropriate 

detection equipment should 

be consulted.  

• Use of protective clothing 

gear and breathing 

apparatus. 
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Contact with 

services  

 

 

Unplanned contact with 

utility services such as 

gas, water or electricity 

lines can cause 

fire/explosion, flooding or 

electrocution.  

 

 

 

 

  

 

• “Check before digging 

commences”  

• Any information provided 

on service location should 

be used as a guide only.  

• All services should be 

located and clearly marked 

on site prior to work 

commencing.  

• Services can be located 

by digging trial holes, core 

hole drilling, gas detectors, 

remote location devices or 

hand digging. 

 

 

Inrush of water  Unexpected water flows can 

occur when excavation work 

digs below the water table 

or the level which the water 

table rises to after rain. 

• Use equipment or devices 

which lower the water table 

around the excavation site.  

• Use sumps to pump any 

seepage from the excavation.  

• Fence off or cover any holes 

where any water is retained.  

• Ensure there is quick access 

out of the excavation.  

• Ensure rescue equipment 

and buoyancy devices are on 

hand.  

Placement of loads  Fall or collapse of material 

or plant into the excavation. 

• Keep all equipment and 

excavation material away 

from the edge of the 

excavation.  

• Consider barriers around the 

“zone of influence” to prevent 

plant straying onto this area.  
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Falls People falling into 

excavated area. 

• Keep unnecessary 

personnel away from the 

edge of the excavation.  

• Consider barriers around the 

“zone of influence” to prevent 

personnel straying onto this 

area.  

 

Unstable ground Fall from unsteady 

formwork. 

Formwork collapse. 

• Sufficient ground 

preparation should be 

undertaken. 

• Decrease movement of 

workers and equipment on 

the formwork especially 

during concrete placement. 

• Concrete placement should 

be performed at a time when 

passing traffic is limited so 

that further vibrations will be 

avoided. 

Site traffic and 

mobile plant 

 

People being struck or run 

over by vehicles 

 

• Ensure that the design and 

layout of the workplace 

enables separation of 

vehicles and pedestrians as 

much as possible. 

• Provide one way traffic 

systems which are clearly 

marked using direction, give 

way and no entry signs and 

avoid sharp or blind bends on 

vehicle routes. 

• Try to eliminate the need for 

reversing and where this is 

not possible ensure a safe 

system of work is provided, 

e.g. identify and mark 

“reversing areas” so that they 

are obvious.  

• Exclude pedestrians from 

these areas and fit audible 
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Table 7.4 

Notes: 

WHO MIGHT BE HARMED 

1. Employees, workers, visitors  

2. Private properties (vehicles), adjoining, nearby structures 

Excavation work is high risk.  

Before undertaking any excavation it is essential that appropriately skilled and qualified 

personnel have been consulted to ensure all hazards have been identified and appropriate 

controls have been put in place.  

Personnel working on the site should be consulted and a risk assessment should be 

documented and issued to all workers prior to the commencement of work.  

 

warning devices and flashing 

beacons to vehicles.  

• If a person is used to guide 

a vehicle ensure that there is 

a system of work which 

avoids the need to stand 

behind the vehicle, involves 

clear agreed hand signals 

and where drivers are 

instructed to STOP if the 

guide goes out of view at all. 

Workplace Transport 

 

People being struck by 

objects falling from vehicles 

(debris from excavation) 

 

 

• Ensure that the design and 

layout of the workplace 

enables separation of 

vehicles and pedestrians as 

much as possible. 

• Provide one way traffic 

systems which are clearly 

marked using direction, give 

way and no entry signs and 

avoid sharp or blind bends on 

vehicle routes. 

• Properly and safely load, 

stack and secure material or 

other objects on vehicles.  
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5. MARINA EXPANSION WORK HAZARDS 

 

RISK ASSESSMENT  

 

Risk Hazard description Possible control strategies 

Injury or death to 

divers 

 

Injury or death to divers 

undertaking underwater 

survey or work. 

 

 

• Divers‟ adherence to 

working restrictions 

(maximum dive durations). 

Four person teams operating.  

• Limit dive requirements to 

bare essentials and 

undertake as much 

inspection/work as possible 

from a boat.  

Injury or death to 

divers 

 

Injury or death to divers 

undertaking underwater 

survey or work due to 

collision with or by a 

vessel. 

 

• Dive when other vessel 

traffic in the area is thin. 

• Flag location of diving 

activities. 

• Shadow from boat to warn 

of activities. 

General injury First Aid and Emergency 

treatment. 

 

• First Aider on site.  

• Knowledge of local 

emergency service numbers 

(ambulance, lifeboat). 

Placement of loads Construction plant washed 

off piers due to 

overtopping 

• Reschedule timing of works 

during calmer conditions. 

• Plant removed from piers 

when not required or at end of 

shift. 

Environmental 

impact 

Adverse impact due to 

plant/ vessel spillage. 

• Adhere to CIRIA best 

practice guides:  

C650 -Environmental good 

practice - site guide;  

C584 -Coastal and marine 
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environmental site guide. 

Working near or on 

water 

 

Drowning/hypothermia 

 

• At least 2 people on site. 

•Emergency procedures and 

contact details known by staff.  

• Liaison with Harbour Master  

Water quality Turbidity in water makes 

visual inspection difficult 

or dangerous during dive 

surveys/work. 

• Design anticipation of low 

visibility and employment of 

tactile inspection techniques. 

Contact with services Unplanned contact with 

utility services such as 

water or electricity lines 

can cause explosion, fire 

or electrocution. 

• Services check in advance 

of intrusive works. 

• Any information provided on 

service location should be 

used as a guide only.  

• All services should be 

located and clearly marked on 

site prior to work commencing  

Plant movements  

 

Plant movement to the site 

through the streets may 

cause public disturbance 

 

• Erect a plant compound 

near the workplace.  

• Move plant early in morning 

or late in day. 

Accidental immersion 

in the water, either 

partial or total. 

Hypothermia, Drowning, 

Health risks. 

• All staff should be trained in 

rescue techniques e.g. throw 

line and know of emergency 

procedures.  

• For some tasks a boat 

should be available in case of 

emergency with staff trained 

in its use.  

• Rescue equipment should 

be located where it could be 

quickly, easily reached and 

used.  

• Spare warm dry clothing 

should be available. 
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Emergency blanket, warm 

drinks especially in cold 

weather. 

Working on steep, 

slippery, unstable, 

floating structures or 

floating equipment, 

or debris covered 

ground, which may 

cause staff to fall into 

water. 

Bruises, fractures, 

wounds, concussion, 

drowning, health risks, 

hypothermia 

• Delay the task until wet, 

muddy, slippery surfaces or 

slopes have dried. 

• Remove, clean or 

consolidate debris or other 

unstable material  

• Remove or highlight trip 

hazards. 

• Steep ground above deep 

water should be avoided 

unless it is possible to 

construct a safety fence or 

other barrier below the work 

site. 

• Wear safety boots with good 

grip. 

• Floating structures should, if 

necessary to ensure 

protection, be provided with 

shelters. 

• Floating operational 

equipment should be 

provided with sufficient and 

suitable rescue equipment 

such as lifelines, gaffs and 

ring buoys. 

Table 7.5 

Note: WHO MIGHT BE HARMED  

1. Employees, workers, divers, sailors 

2. Private properties (boats) existing marina, existing docks  

3. Visitors, locals 

4. Wild life (sea Life) 
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6. COASTAL EROSION AND FLOODING WORKS HAZARDS 

 

RISK ASSESSMENT  

 

Risk Hazard description Possible control strategies 

Injury or death to 

divers 

 

Injury or death to divers 

undertaking underwater 

survey or work. 

 

 

• Divers‟ adherence to 

working restrictions 

(maximum dive durations). 

Four person teams operating.  

• Limit dive requirements to 

bare essentials and 

undertake as much 

inspection/work as possible 

from a boat.  

Injury or death to 

divers 

 

Injury or death to divers 

undertaking underwater 

survey or work due to 

collision with a vessel. 

 

• Dive when other vessel 

traffic in the area is thin. 

• Flag location of diving 

activities. 

• Shadow from boat to warn 

of activities. 

General injury First Aid and Emergency 

treatment. 

 

• First Aider on site.  

• Knowledge of local 

emergency service numbers 

(ambulance, lifeboat). 

Placement of loads Construction plant washed 

off place due to 

overtopping 

• Reschedule timing of works 

during calmer conditions. 

• Plant removed from work 

place when not required or at 

end of shift. 

Environmental 

impact 

Adverse impact due to 

plant/ vessel spillage. 

• Adhere to CIRIA best 

practice guides:  

C650 -Environmental good 

practice - site guide;  

C584 -Coastal and marine 

environmental site guide. 
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Working near or on 

water 

 

Drowning/hypothermia 

 

• At least 2 people on site.  

• Emergency procedures and 

contact details known by staff.  

• Liaison with Harbour Master  

Water quality Turbidity in water makes 

visual inspection difficult 

or dangerous during dive 

surveys/work. 

• Design anticipation of low 

visibility and employment of 

tactile inspection techniques. 

Accidental immersion 

in the water, either 

partial or total. 

Hypothermia, Drowning, 

Health risks. 

• All staff should be trained in 

rescue techniques e.g. throw 

line and know of emergency 

procedures.  

• For some tasks a boat 

should be available in case of 

emergency with staff trained 

in its use.  

• Rescue equipment should 

be located where it could be 

quickly, easily reached and 

used.  

• Spare warm dry clothing 

should be available. 

Emergency blanket, warm 

drinks especially in cold 

weather. 

Working on steep, 

slippery, unstable, 

floating structures or 

floating equipment, 

or debris covered 

ground, which may 

cause staff to fall into 

water. 

Bruises, fractures, 

wounds, concussion, 

drowning, health risks, 

hypothermia 

• Delay the task until wet, 

muddy, slippery surfaces or 

slopes have dried. 

• Remove, clean or 

consolidate debris or other 

unstable material  

• Remove or highlight trip 

hazards. 

• Steep ground above deep 

water should be avoided 

unless it is possible to 

construct a safety fence or 

other barrier below the work 
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site. 

• Wear safety boots with good 

grip. 

• Floating structures should, if 

necessary to ensure 

protection, be provided with 

shelters. 

• Floating operational 

equipment should be 

provided with sufficient and 

suitable rescue equipment 

such as lifelines, gaffs and 

ring buoys. 

Weather conditions Accidents due to adverse 

site conditions caused by 

bad weather (strong 

winds, heavy rains, 

freezing, poor visibility). 

• Commence works when 

seasonal/yearly weather 

conditions best suit. 

• Monitor weather forecast 1-

2 weeks ahead and amend 

activities to suit. 

Plant movements  

 

Plant movement to the site 

through the streets may 

cause public disturbance. 

 

• Erect a plant compound 

near the workplace.  

• Move plant early in morning 

or late in day. 

Lifting and Handling 

heavy loads 

• Back injuries, ligaments 

injuries. 

Slip and fall. 

• Crashed under fallen 

load. 

• Lifting equipment should be 

used wherever appropriate or 

if not applicable more than 

one hand should handle the 

load. 

• Heavy/large load offloading, 

downloading, positioning by 

workers in pairs. 

• Tying, strapping, lashing 

and securing to be done with 

proper size and strength 

ropes/straps. 

• Employ professionals. 
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Boat collision Boat collision during 

construction 

Boat collision during 

operation 

 

Install lighted buoys around 

construction area. 

Install lighted buoys at either 

end or where appropriate for 

normal operation. 

Table 7.6 

Note: WHO MIGHT BE HARMED  

1. Employees, workers, divers, sailors 

2. Private properties (boats), adjacent properties 

3. Visitors, locals 

4. Wild life (sea Life) 

7. SETTING UP THE SITE 

Construction Of A New Cable Bridge And Demolition Of High Level Bridge 

 

 

 

 

Figure 7.1: Construction Of A New Cable Bridge And Demolition Of High Level Bridge  (Proposed 

site layout) 

Construction Of The New Pedestrian Bridge 
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Figure 7.2: Construction Of The New Pedestrian Bridge (Proposed site layout) 
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Construction Of The Underground Parking 

 

 

 

 

 

Figure 7.3: Construction Of The Underground Parking (Proposed site layout) 
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CHAPTER 8 

SUGGESTIONS FOR FURTHER INVESTIGATIONS 

 

               

 Tidal energy 
 Wind parks 
 Photovoltaic systems 
 Market Research 
 Examine noise of roads 

    Tidal energy: One of our team proposals for Whitby‟s problem is the use of tidal 
energy. This kind of energy can yield an increasing of the economy and also it can be also 
a sustainable solution. You can say that tidal energy is one of the most important and 
oldest forms of energy. It could be obtained from the changing of sea levels and this can 
easily be applied in Whitby area. A huge amount of water moves twice per day because of 
tide movements. As a result of this, is to produce electricity and other forms of power 
through the use of water. It is worth saying, that tidal turbines can work as windmills and 
they can be driven from water instead of air. Tides are predictable and the tidal power is 
free. The use of water can generate power instead of fuel and plenty of electric power can 
be derived to Whitby area. Moreover, it is a good method to protect coastline against 
damage from high storm tides and to produce greenhouse gases. 

. 

 

 

Figure 8.1: Tidal turbines 

(http://www.darvill.clara.net/altenerg/tidal.htm#adv) 
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 Wind parks: A second proposal for a further investigation is to construct wind parks. 
As it is known, Whitby can be a source of winds. Wind power consumes no fuel and emits 
no air pollution.  
It is a sustainable solution, which can offer plenty electricity without cost. Wind power can 
be converted into one useful form of energy by using wind turbins, wind mills and wind 
pumps. In the current area which has been examine from our team we conclude that 
Whitby it is able to combine these methods to collect wind and it can be very useful for the 
economy and the environment. 

 

 

Figure 8.2: Wind pumps 

(http://en.wikipedia.org/wiki/File:DanishWindTurbines.jpg) 
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Figure 8.3: Wind park 

(http://en.wikipedia.org/wiki/File:DanishWindTurbines.jpg) 

 

 Photovoltaic systems: Moreover, another way to convert electricity from natural 
sources is the solar use and it can be easily placed to Whitby‟s area.There are arrays of 
cells which they have been made from a special material that converts solar radiation into 
direct current electricity.  
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Figure 8.4: Photovoltaic system 

(http://genyalenergia.com/) 

 

 Examine noise of roads : Therefore, it is known that highways near to Whitby and 
also interior roads can provide an unpleasant noise. Due to the vehicles and the bad 
construction of public roads, measures must be taken into account in order to reduce the 
noise, through an appropriate licensing system. Provide indicative noise limit levels, invest  
a “white noise” or other acoustical systems, construct a barrier and concrete walls, plant 
some trees, all of them could be several initial methods to cover the problem of road noise.  

 

 Market Research : One of our team proposals  is, a market research, as an organized 
effort to gather  information about markets or customers. In our case, in order, our project 
,to have a good impact to Whitby‟s infrastructure, it is necessary to accomplish a market 
research to Whitby‟s residents. Important is to learn about the social thoughts and the 
residents plans for the town. In that way, you have the chance to draw a distinction 
between our design plans and their aspirations, in order to create an effectiveness project.  

 

 

 

 

 

 

 

 

http://genyalenergia.com/
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EXECUTIVE SUMMARY 

 

The present report outlines the design group‟s conclusive resolutions corresponding to the 

extensive study that took place, with a view to amending the infrastructural shortcomings 

that were observed in Whitby. 

SOLUTIONS: 

Access routes from East side to West side: 

 Maintenance of the Swing Bridge. 

 Replacement of the High Level Bridge and construction of a new cable bridge near 

its original location. The High Level Bridge will not be removed, before the 

construction of the new bridge will have been finished. 

Traffic: 

 Construction of an underground parking near the town‟s railway station. 

 Creation of two Park and Ride lots near the town‟s entrances 

 New road constructed to facilitate access towards the Abbey. 

Flooding: 

 Construction of seawalls placed on seven severely affected positions. 

Coastal erosion: 

 Enhancement of the existing rip-rap installations at the East cliff.  

 Soil improvement (wood-chips retained by nettings) techniques to slow down the 

corrosion rates. 

 Bound mound structure at the East Pier. 

 Improve and reinforce the seawalls at the West cliff. 

 Passive protection via corrosion-resistant materials. 

Sustainability (Environmental, social, economical, technical): 

 Extensive use of renewable forms of energy:  

-Tidal turbines placed near the Harbour‟s entrance. 

-Suggestion for a research to evaluate the prevalent winds in order to determine 

favorable locations for the creation of wind farms.  

-Solar collectors placed in houses. 

  Attached environmental assessment of all the proposed solutions. 

 Noise protection measures. 

 Encouragement of sustainable schemes (sustainable materials, hybrid cars, 

reduction of energy losses) 

Financial development: 
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 Construction of a new hotel (five-star with conference center). 

 Extension of the existing marina. 

 Renovation of the town‟s fish market. 

 New modern parks. Their design will be based on the principles of landscape 

architecture. 

CONCLUSIONS: 

The proposed solutions are designed to satisfy a set of objectives that is compatible with a 

wide range of technical, social, economical and environmental factors, aiming to the town‟s 

future development and infrastructural improvement. 
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