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ABSTRACT

In terms of the importance of safeguarding the coastal zone in Egypt, this
thesis was initiated with the motivation of proposing an innovative coastal
protection measure and investigating its capability of energy dissipation,
experimentally. Primarily, literature was reviewed, analysed, categorized and
comprehended. models to solid piles breakwater were designed and
constructed. Experimental flume was set up to test these models, where
measuring devices were arranged. Contributing parameters (i.e. wave height,
period, steepness, piles arrangements, diameters.....etc.) were varied.
Measurements were undertaken ;analysed; presented on graphs and
discussed. Based on the discussions and within the experimented range of
parameters, it was clear that solid piles so as the staggered possess an
enormous capability of dissipating the wave energy by a percentage that
ranged between 20 to 75%, which is considered to be a reasonable amount
from the coastal engineering point of view. In terms of the importance of
coastal zones, some previous research tried to reduce wave energy attacking
the shoreline. This thesis presents a special coastal protection measure which
is perforated piles, evenly distributed and staggered, breakwaters and
experimentally investigates piles breakwaters capability of energy
dissipation. Physical models of perforated piles breakwater were designed
and constructed. Experimental flume was arranged to test these models and
measuring devices were arranged. Contributing parameters such as wave
height, period, steepness, piles arrangements and pile diameter were varied.
Based on the discussions and within the experimented range of parameters, it
was clear that perforated piles possess an enormous capability of dissipating
the wave energy by a percentage ranged between 15 to 55% which is
considered to be significant amount from the coastal engineering point of
view. It can also be applied to the equation (C:) on the solid piles. Moreover,

the pile breakwater was investigated to assess it, in terms of the



environmental impact (i.e. shoreline changes) and economic (i.e. cost

estimate) , but found piles breakwater better than rubble mound breakwater.

Key words:

Pile breakwater ---Wave transmission -- Wave reflection—Energy
dissipation



ACKNOWLEDGIMENT ...ouiiiiiiiiiiiiiiiiiiiiiisissisisississsssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses i

A B ST RACT ... ctiitirieeeiieeereeretteeereeeeestescrasessstesersssssssassssssessssssssssasssassssssasssasessssssssassssssasssassssssasssnssasssasssnssanssnssnns ii
LISTOFRFIGURES......ciettuieiieiieieititerenseneretensasessensasessssssasssssessassasssssassassssesss sessssessasssssssssssnsassasssnsassssssssansasenns v

)0 0 17 1 w . Vi
ACKNOWLEDGMENT ..o 6
ABSTRACT oo 7
List Of tADIES 8
NOTATION . ..o 9
CHAPTER (1) INTRODUCTION . ....coiititiitiieiiee et steesteeesteesteeessteesssteessseeessseessssessnseeesnsessssseesnssessnsessnnseeans 13
1.1,  PROBLEM DEFINITION ...oottttiitiiiiiiiiiiiiiiiiittttiieetetetettetettetettaettassasassssassassssassassssaassssassssssssasssssssssssssanes 14
1.2, STUDY OBIECTIVES ......coi oottt ettt e et e e e e e e e et e e e e e e e s es bt e e e eeeeeesennnsreenes 14
1.3.  RESEARCH METHODOLOGY ..ooooiiiiiiiitieeeeee ettt e e s et e et e e e e s eeeaaaaeeeeeeeesseennnseeees 15
R T N o | ] S Y AN 20 1 U N [P 15
CHAPTER (2): REVIEW OF LITERATURE ....coootie ettt sttt et e e st s e e stee e sstesssseesnnaeesnseeenseaens 18
2.1. COASTAL DISCIPLINES AND PROJECTS PLANNING ......oooiiiiieeeeee e 18
2.2 WAVES AND WINDS ...ttt e e e e et e e e e e e e et a e e e e eeeeeessatrareeeeessesnnsreenes 19
2.3. WAVE TRANSFORMATION MECHANISMS.......oooi ittt e e s e 19
2.3.1. WAVE REFLECTION ...oveiiiii ettt ettt e e e e ettt e e e e s s et e e e e e e e e s seeabbaaeeeeeessennsaeenes 19
2.3.2. WAVE TRANSMISSION ..ottt ettt e e et e e e e e e s s et e e e e e e e e s senasbbtereeeeessssnseeeees 20
2.3.3. WAVE BREAKING ... .ottt ettt e e e ettt e e e e e s e et e e e e e e e s eeeabaaeeeeeeessenasreneens 21
2.4, WAVE ENERGY DISSIPATION ...outtiiiiiiiiiiieieeeee ettt eeettt et e e e e e e eatae et e e e e s eesnaaaaeeeeeeessennsreeees 11
2.5. WAVE STRUCTURE INTERACTION ....ooitiitiiiiee ettt e ettt e e e e esaaaae e e e e e s s eennaaeaees 12
2.6. INVESTIGATIONS Of PILE BREAKWATERS .....ooiiiieeeee ettt e e 15
2.6.a. INVESTIGATIONS IN THE FIELD OF PILES ..ottt 15
2.6.b. INVESTIGATIONS ON PERFORATED PILE BREAKWATERS......oooiiiiiiee e 21
2.7. INVESTIGATIONS ON PILE BREAKWATERS ..ottt ettt e s s eaaaeees 22
2.8.APPLICATIONS AND CASE STUDIES. .......o oottt e et e e e s s eeaaeeees 24
CHAPTER (3) EXPERIMENTAL WORK ...ttt ittt e st e s ve e s ve e ste e e sabeeeasaesnnneesnneeennseeans 36
3.1 HYDRAULIC MODELING ... oottt ettt s et e e e e s e et a e e e e e e e s esaaaeenes 36
3.2. CHOOSING THE SCALE OF THE MODEL ....uuvviiiiiiiiieeeeeee ettt eaaaeees 38
3.3. MODELING OF THE INVESTIGATED PARAMETERS ......ooiiiiiieeeeeee et 42
3.3.1. MODELING OF THE FLUID FLOW PROPERTIES. ......uueeiiiiiiiieeeeeeeee ettt 42
3.3.2. MODELING OF THE PILE BREAKWATER GEOMETRY ... 44
3.4, EXPERIMENTAL WORK ....ooo ittt ettt e ettt e e e e s s ettt e e e e e e e s s sabbbaeeeeeessesnnsreeees 44
3.4.1. USED EXPERIMENTAL DEVICES.......co ittt ettt s e et e e e e e s s ennaaeaees 44
3.4.2. EXPERIMENTED WAVE VARIABLES ...ttt e e s sesnaaaee s 46
3.4.3. WAVE ABSORBERS ......oooiiiiiiieeeee ettt ettt e e e e e et e e e e e e s s et e e e seeeessssasbbteeeeeeessesnsaeeees 48
3.5, EXPERIMENTAL PROGRAM. ... .ttt ettt ettt e e e e e et e e e e s s e sabt e e e e e e e e s s esnnnaeeees 10
3.6. MODEL CALIBRATION ....ooiiiiiiiiteeeeee ettt ettt e e e s et e e e e e e s s et e e e s e e e e s sssnbbbeeeeeeessesnseeeees 12
3.7. EXPERIMENTAL PROCEDURE .......oooiiiiiiiieeeeee ettt ettt e e e s e et e e e e e e s s eenaaeeees 12
CHAPTER 4 DIMENSIONAL ANALYSIS ...ttt ettt e e s e et e e e e e s s esnnsareees 14
4.1. CONSIDERED VARIABLES ..ottt ettt e e ettt e e e e e e s et e e e e e e e s sesnabeaeeeeeeessannnes 14
4.2.  DIMENSIONAL ANALYSIS. ..ottt e e e e e s e ettt e e e e e e e s e sabbaaeeeeeeessannnes 15
CHAPTER 5 RESULTS ANALYSIS AND DISCUSSION .....cuttiiiiiiiiiieeeeeeeee ettt ettt eaaaaees 18
5.1 PHYSICAL QUANTITIES ..ottt ettt s e e s tte e et e e st e e s ete e eaaeesabeeesabesenreesnsaeesnsaeennseeans 18
5.1.1 WAVE PARAMETERS ..ottt ettt e e e e e et e e et e e e e s s eab bt e e et e e e e s ssseabbbaeeeeeessesnsreenes 18
5.1.2 COMPUTED QUANTITIES ....oo ottt ettt s e et e e st e e s te e eateeeataeesabeeenseesnbaeesntasennseaans 19
5.2 RESULTS OF DIMENSIONLESS COEFFICIENTS (Ct, Cr, @Nd Cu) cvveeeveieiieeeiiee ettt e 19
5.2.1 COEFFICIENT OF TRANSMISSION (C1)eieottteitiieitiie i cieeecteeesite e et e e sve e estveeste e e sbeeesaveesvaeesnresennreeens 19
5.2.2FOR CONFIGURATION (L)...uiiiiitiieeiie et e ettt eie e sttt eestve e s te e e stveeestveesabeeesabeeeaseesabeeesabesesseessseesnsesennseaans 20

5.2.2.1 RELATION BETWEEN (Ct) AND (Hi/L) vverevvereveereeeeseseereseeseseeseeseeseseesesssesessesessssessesessessessesesseessseeen 20



5.2.3 COEFFICIENT OF REFLECTION (Cr) c.vttittiiteniieiieeie ettt sttt sttt sttt 28

5.2.3.3 RELATION BETWEEN (Cr) AND (S/D) ...ovveeeeeeeeeeeeeieieteteeeeeeeesesessseseees et sesssssesesesesssssasasessesnsens 34
5.2.3.4 RELATION BETWEEN (Ct) AND (TVZ/) c.e.vrveiveeieeieeeeeeeeeeeeeees e en e eenes s sen s eenes s 35
5.2.3.5 RELATION BETWEEN (Ct) AND (D/L) c..vvvieeeeceeeeeeieieete et eeesee s st ssssesene s s sasssessenens 35
5.2.4 COEFFICIENT OF DISSIPATION (C)eviviviveiiiiiieeeeceeeeeeieieteteesssssesesessesessesssesssssssssssesesesssssssssssssssesnns 36
5.2.4.1 RELATION BETWEEN (Ct) AND (HifL) . ..vovvvieieeeeeceeieeeeeeeeeeeeeeeee st tssenes s s saeessesennas 36
5.3 COMPARISON WITH OTHER RESEARCH ... iueeeeeeee ettt eee et eeeeeeeee et eaeeeeeeeeeeeeeaseeeeeseeesseeeseeaens 40
5.4 COMPARISON OF SOLID PILE RESULTS ...veeeetteeeet et et eee et eeeeeeeeeeteeeeseeeaeeseessseeeeeeasessseseseaseesseesnns 40
5.5. COMPARISON Of PERFORATED PILE RESULTS ....utveeteteeteteeeeteeeeeeteeeseeeeeeeeeeeeeeeeeseeseesesesseeeseeaens 40
5.5.1 RESULTS OF DIMENSIONLESS COEFFICIENTS (Ct, C/AND Ca) .v.vvveverreeeeereveeeeceeeeeeeeeeeteeeeeenenesenns 41
5.5.1 .1COEFFICIENT OF TRANSMISSION (Ct), € =14% ,D =5 CIMl...covvverereeeceeeeeeeeeeeeeeeeseeee s, 41
5.5.2.2 COEFFICIENT OF TRANSMISSION (C1), € =20%0 .....evveveeeeieeeeeeesereseeeeee et sesssssesenesesesesesaeeseesennas 42
5.5.2 .3COEFFICIENT OF TRANSMISSION (Cy), £=14% ,D =7.5 CIM ...vvvvereereeeeeeeeeeeeeee e eens e 42
5.5.2.4COEFFICIENT OF REFLECTION (C:), € =14%, D =7.5 CMu..ovoviieieieeceeeeeeeeeeeeeeeeene s 43
5.5.2 .5COEFFICIENT OF DISSIPATION (Ca), € =14%, D =7.5 CIM c..cveveverereeceeeeeeeeeeeeeeeeee s, 45
5.6. EFFECT OF ENERGY DISSIPATION (RELATION BETWEEN (Et) & (D)).eveveveveeievieieeeeeeeeeceeeeeeeeeennn, 46
5.7. ESTABLISHED EQUATIONS ..ottt ettt e ettt ettt en st et eseseneseee s s eseseens 47
5.7.1. REGRESSION STEP-BY-STEP USING MICROSOFT EXCEL ....cueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenaeenes 47
5.7.2. ESTABLISHED EQUATIONS ..ottt ettt et e et es et e es st et eses et s s s eneseeene 50
6.1 ASSESSING THE ENVIRONMENTAL IMPACT OF BREAKWATER ..ot eeeeeeeeeeteeeee e 53
6.1.2.DESCRIPTION OF GENESIS......oeeueeeeeeeeteeeeeeeee et et eet e e et eeeeeteeeaeesee e eeseseateseseeteseseeeseeeteseeeeeeeaeeeesenes 55
B.1.0. GENESIS APPLICATION ...ttt et et eeee et et eeeaeetee et s eeeeeeseseateseseaeeseseaeeseseteseeeeeeeaeeeasenes 57
6.1.c. ENVIRONMENTAL IMPACT OF THE PILE BREAKWATER O N THE SHORELINE........ccecvvvnn... 58
6.2.2 COST ESTIMATE Of PILE BREAKWATER ......ceetteeeeeteeeee et et et et e eeseaeeeeseseeeeseaeseseeeeeeesaeenasenes 62
.......................................................................................................................................................................... 62
6.2.0 COST ESTIMATE OF STEEL PILES ...t eeeueeeeeeeeeeeeeeeeeeeeeee et et e eet et s eaeeeeseaeeeseaeseseeeeeeeeeeaeeees 63
6.2.C. COST ESTIMATE OF CONCRETE PILES ..ottt ettt ettt et et eeeee et eseeeeeeeeeeeeaeeees 63
6.3COST ESTIMATE OF RUBBLE MOUND BREAKWATER .....veutteeeteeeee oot eeeeeeeeeeeeeteeeeeeeeeeaeeeaeeees 63
6.3.a COST ESTIMATE TO RUBBLE MOUND BREAKWATERAT HP=3.75 M.eveveeeeeeeeeeeeeeeeeeeeeeeeeaeeens 64
6.4COST ESTIMATE COMPARISON ..ottt et eee et et eeeeeet e et s eeeaeeteseaeeseseseeseseeeeeaeeeseeeeeeeeeeeeeeees 65
CHAPTER (7): CONCLUSIONS AND RECOMMENDATIONS .......cvoviiiiiiriieeeeeeeeeeeeeeeeeeeese s, 70
7.1 CONCLUSIONS ...ttt ettt et e e et et ea et e ee et eeeae et eeea et eeea e et eseaeeseaeaeeseeeaeeseaeeeeseeeneeeeeeeeaseeas 70
7.2 RECOMMENDATIONS ...ttt ettt et et e et eeeeeeeeeeae et eses et eseae et eseaeeseseaeeseseeeseneeseseeeeeseeeeeaseeas 72
REFERENCES ...ttt et et et e e et ee et eeeae et eeee e et ee e et eeeaeeeeees e et eeeseeeesea et esee et eseseeeeeaeeeeeeaeeeeeeneeeeeeaens 73
Al e ettt ettt ettt ettt et et ettt ettt et et et et ettt ettt et et et et et et et et et et et enes 124



List of figures page

Figure (2-1) Spilling breaking wave 22
Figure (2-2) plunging breaking wave 23
Figure (2-3) Surging breaking wave 23
Figure (2-4) Collapsing breaking wave 22
Figure (2-5): Definition sketch of piled breakwater (from Suh, 2011) 26
Figure (2-6) Pile Arrays 29
Figure (2-7) Definition sketch of the multiple-row pile breakwater model 33
Figure (2-8) Test Model in the flume and Porosities (Norzana et al,(2010) 35
Figure (2.9) Elevation of the piles at low tide, showing relative close spacing (Reedijk&Allsop, 2003)

38

Figure (2.10) Image during construction of Blairgowrie wave screen, showing piles and impermeable
panel to the right of the image (Atkins &Mocke, 2009) 38
Figures (2.11) shows the 50% porosity model wave screens and Wave staffs attached to CCM wave
screen(after Thomas 2010) 39
Figure (3.1) Plan and Elevation of the Experimental Flume 44
Figure (3-2) General View of the experimental Wave Flume 45
Figure (3-3) Plan and elevation of the model 45
Figure (3.4) General View of the Wave period device 45
Figure (3.5) General View of the Wave height device 46

Figure (3.6) Wave Absorbers 46
Figure (3.7) Measured wave parameters 48
Figure (4-1) The considered geometrical and wave parameters 51

Figure(5-1) The relation between Transmission Coefficient (Ci) and Wave Steepness (Hi/L)

for angle 90° , D=6 cm for configuration (1) and configuration (2) staggered solid piles 57



Figure (5-2) The relation between Transmission Coefficient (Ct) and Wave Steepness (Hi/L) for angle
90° , D=5 cm for solid piles and solid staggered pile 57

Figure (5-3) The relation between Transmission Coefficient (Ct) and Wave Steepness (Hi/L) for angle
30°, D=5 cm for solid piles and solid staggered piles 59

Figure (5-4) The relation between Transmission Coefficient (Ct) and Wave Steepness (Hi/L) for angle
45°, D=5 cm for solid piles and solid staggered piles 60

Figure (5-5) The relation between Transmission Coefficient (Ct) and Wave Steepness (Hi/L) for angle
90°, D=6 cm for solid piles and solid staggered piles 61

Figure (5-6) The relation between Transmission Coefficient (Ct) and Wave Steepness (Hi/L) for angle
30°, D=6 cm for solid piles and solid staggered piles 63

Figure (5-7) The relation between Transmission Coefficient (Ct) and Wave Steepness (Hi/L) for angle
45°, D=6 cm for solid piles and solid staggered piles 64

Figure (5-8) The relation between Transmission Coefficient (Ct) and Wave Steepness (Hi/L) for angle
90°, D= 7.5 cm for solid piles and solid staggered piles 65

Figure (5-9) The relation between Transmission Coefficient (Ct) and Wave Steepness (Hi/L) for angle
30°, D=7.5 cm for solid piles and solid staggered piles 66

Figure (5-10) The relation between Transmission Coefficient (C;) and Wave Steepness (Hi/L) for angle
45°, D=7.5 cm for solid piles and solid staggered piles 67

Figure (5-11) The relation between reflection Coefficient (Cr) and Wave Steepness (Hi/L) for angle
90°, D=5 cm for solid piles and solid staggered piles 69

Figure (5-12) The relation between reflection Coefficient (Cr) and Wave Steepness (Hi/L) for angle
30°, D=5 cm for solid piles and solid staggered piles 70

Figure (5-13) The relation between reflection Coefficient (Cr) and Wave Steepness (Hi/L) for angle
45°, D=5 cm for solid piles and solid staggered piles 71

Figure (5-14) The relation between reflection Coefficient (Cr) and Wave Steepness (Hi/L) for angle
90°, D=6 cm for solid piles and solid staggered piles 72

Figure (5-15) The relation between reflection Coefficient (Cr) and Wave Steepness (Hi/L) for angle
30°, D=6 cm for solid piles and solid staggered piles 73

Figure (5-16) The relation between reflection Coefficient (Cr) and Wave Steepness (Hi/L) for angle
45°, D=6 cm for solid piles and solid staggered piles 74

Figure (5-17) The relation between reflection Coefficient (Cr) and Wave Steepness (Hi/L) for angle 90°
, D=7.5 cm for solid piles and solid staggered piles 75

Figure (5-18) The relation between reflection Coefficient (Cr) and Wave Steepness (Hi/L) for angle 30°
, D= 7.5 cm for solid piles and solid staggered piles 76



Figure (5-19) The relation between reflection Coefficient (Cr) and Wave Steepness (Hi/L) for angle
45°, D=7.5 cm for solid piles and solid staggered piles 77

Figure (5-20) The relation between (d/L) and Reflection Coefficient (C;) for angle 90°,30°, and45° For
solid pile 78

Figure (5-21) The relation between (d/L) and Reflection Coefficient (C;) for angle 90°,30°, and45° For
solid staggered pile 79

Figure (5-22) The relation between (S/D) and Reflection Coefficient (C;) for different angle for
constant values of h =27.5 cm For solid pile and solid staggered pile 80

Figure (5-23) The relation between (TVg/d) and transmission Coefficient (Cy) for different (D) for
constant values of T =1.10 sec , angle 90° For solid pile 81

Figure (5-24) The relation between (d/L) and transmission Coefficient (C:) for different (D) , angle 90°
for solid piles and solid staggered piles 82

Figure (5-25) The relation between (d/L) and transmission Coefficient (Cy) for different (D), T=1.1
sec ,angle 30 ° for solid piles and solid staggered piles 83

Figure (5-26) The relation between (d/L) and transmission Coefficient (Cy) for different (D), T=1.1
sec ,angle 45 ° for solid piles and solid staggered piles 84

Figure (5-27) The relation between (Hi/L) and (Cq) for different (T) ,angle 90 ° D=5 cm ,for solid piles
and solid staggered piles 85

Figure (5-28) The relation between (Hi/L) and (Cq) for different (T) ,angle 30 ° D=5 c¢m for solid piles
and solid staggered piles 86

Figure (5-29) The relation between (Hi/L) and (Cq) for different (T) ,angle 45 ° D=5 c¢m for solid piles
and solid staggered piles 87

Figure (5-30) The relation between (Hi/L) and (Cq) for different (T) ,angle 90 ° D= 6 cm for solid piles
and solid staggered piles 88

Figure (5-31) The relation between (Hi/L) and (Cq) for different (T) ,angle 30 ° D= 6 cm for solid piles
and solid staggered piles 89

Figure (5-32) The relation between (Hi/L) and (Cq) for different (T) ,angle 45 ° D= 6 c¢m for solid piles
and solid staggered piles 90

Figure (5-33) The relation between (Hi/L) and (Cq) for different (T) ,angle 90 ° D= 7.5 c¢m for solid
piles and solid staggered piles 91

Figure (5-34) The relation between (Hi/L) and (Cq) for different (T) ,angle 30 ° D= 7.5 cm for solid
piles and solid staggered piles 92

Figure (5-35) The relation between (Hi/L) and (Cq) for different (T) ,angle 45 ° D= 7.5 c¢m For solid
piles and solid staggered piles 93



Figure (5-36) The relation between (d/L) and transmission Coefficient (Cy) 94
Figure (5-37) The relation between (Hi/L) and transmission Coefficient (Cy) 95

Figure (5-38) The relation between (Hi/L) and (Cy) for different (T) , € =14% ,angle 90 ° D=5 cm for
perforated piles and perforated staggered piles 96

Figure (5-39) The relation between (Hi/L) and (C) for different (T) , € =14% ,angle 30 °, D=5 cm for
perforated piles and perforated staggered piles 97

Figure (5-40) The relation between (Hi/L) and (C) for different (T) , € =14% ,angle 45 °, D=5 cm for
perforated piles and perforated staggered piles 98

Figure (5-41) The relation between (Hi/L) and (C) for different (T) , € =20% ,angle 90 °, D=5 cm for
solid piles and solid staggered piles 99

Figure (5-42) The relation between (Hi/L) and (C) for different (T) , € =20% ,angle 30 °, D=5 cm for
perforated piles and perforated staggered piles 100

Figure (5-43) The relation between (Hi/L) and (Cy) for different (T) , € =14% ,angle 90 °, D= 7.5 cm for
perforated piles and perforated staggered piles 101

Figure (5-44) The relation between (Hi/L) and (C) for different (T) , € =14% ,angle 30 °, D= 7.5 cm for
perforated piles and perforated staggered piles 102

Figure (5-45) The relation between (Hi/L) and (Cy) for different (T) , € =14% ,angle 45 °, D=7.5 cm for
perforated piles and perforated staggered piles 103

Figure (5-46) The relation between (Hi/L) and (C) for different (T) , € =14% ,angle 90°, D= 7.5 c¢m for
perforated piles and perforated staggered piles 104

Figure (5-47) The relation between (Hi/L) and (Cy) for different (T) , € =14% ,angle 30°, D= 7.5 cm for
perforated piles and perforated staggered piles 105

Figure (5-48) The relation between (Hi/L) and (Cy) for different (T) , € =14% ,angle 45°, D= 7.5 c¢m for
perforated piles and perforated staggered piles 106

Figure (5-49) The relation between (Hi/L) and (Cq) for different (T) , € =14% ,angle 90°, D= 7.5 c¢m for
perforated piles and perforated staggered piles 107

Figure (5-50) The relation between (Hi/L) and (Cq) for different (T) , € =14% ,angle 30°, D= 7.5 c¢m for
perforated piles and perforated staggered pile 108

Figure (5-51) The relation between (Hi/L) and (Cq) for different (T) , € =14% ,angle 45°, D= 7.5 c¢m for
perforated piles and perforated staggered piles 109

Figure (5-52) The relation between (d) and (E) at (T=1.6 s) ,angle 90°, D= 7.5 cm for solid piles and
perforated piles 109

Figure (5-53) The relation between (d) and (E:) at (T=1.1 s) ,angle 90°, D=5 cm for solid piles and
perforated piles 110



Figure (5.54) The relation between (d) and (E:) at (T=1.6 s) , a=45°, D=5 cm for solid piles and

perforated piles 110
Figure (5.55) The Excel Sheet 111
Figure (5.56) Analysis tools 113
Figure (5.57) Input range 114
Figure (5.58) Output range 114
Figure (5.59) The relation is comparison between (Cy) at case study (New Gersey)and (Ct) at equation

for solid piles 116
Figure (6.1) Isometric view to the shoreline change 122
Figure (6.2) Definition for shoreline calculation 122
Figure (6.3) Shoreline changes without breakwater system 124
Figure (6.4) Shoreline change with protection 125
Figure (6.5) Prototype pile shape of the experimental investigation 127
Figure (6.6) Prototype of the Rubble Mound Breakwater 129

Figure (6.7) Reflection coefficient (C;) in case of piles and rubble mound breakwaters at different
wave steepness (Hi/L) 133
Figure (6.8) Transmission coefficient (Cy) in case of piles and rubble mound breakwaters at different

wave steepness (Hi/L) 133



