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Annexure 2.7

I D.t.ra1nation of braaker depths for var10us wavehe1ghts and br.ak.rind1c ••

I directicn 'fo (deg) Ibs (m) Lop (m) \ (m) ~b (deg) Ks Kr \ (m) r

I 210~ 35 7.25 112.8 9.31 22.15 0.9515 0.9tlO4 6.49 0.70
27O~ -25 7.25 66.0 9.24 -19.n 0.9146 0.<;814 6.51 0.70

I
210~ 35 7.25 112.8 11.62 24.29 0.9n> 0.9400 6.1IJ 0.55

I 270~ -25 7.25 66.0 11.ffi -21.42 0.9145 0/;1!h7 6.54 0.55

I 210~ 35 6.25 112.8 8.12 Xl.89 o.%n 0.9364 5.66 0.70

I 27O~ -25 6.25 66.0 8.05 -18.82 0.9197 0.9785 5.62 0.70

I
210~ 35 6.25 112.8 10.15 22.9j 0.~22 0.9433 5.55 0.55
270~ -25 6.25 66.0 10.23 .-20.45 0.9132 0.<l335 5.61 0.55

I 210~ 35 5.25 140.9 7.19 17.89 1.020 0.9278 4.97 0.70

I 240~ 5 5.25 135.0 7.'XJ 2.79 1.CD4 0.9j87 5.26 0.70
270~ -25 5.25 102.4 7.07 -14.95 0.9733 0.~5 4.95 0.70

I rD~ -55 5.25 87.8 5.93 -29.70 0.9764 0.8126 4.17 0.70
33J~ ~ 5.25 66.0 2.51 -27.84 1.075 0.3140 1.n 0.70

I 210~ 35 5.25 140.9 8.81 19.62 0.<;874 0.9325 4.83 0.55
240~ 5 5.25 135.0 9.32 3.05 0.9733 0.99ffi 5.10 0.55

I 270~ -25 5.25 102.4 8.81 -16.41 0.94IE 0.972fJ 4.83 0.55
rD~ -55 5.25 87.8 7.46 -33.a3 0.~1 0.8272 4.12 0.55

I 33)~ ~ 5.25 66.0 3.14 -31.12 10m3 0.3191 1.73 0.55

I 210~ 35 4.75 172.1 6.71 15.79 1.070 0.9227 4.rE 0.70

I 240~ 5 4.75 135.0 7.00 2.rE 1.a37 0.9S€6 4.92 0.70
270~ -25 4.75 146.9 6.76 -12.48 ure 0.9635 4.75 0.70

I
n::PN -55 4.75 87.8 5.44 -28.54 0.<m5 0.8:l31 3.79 0.70
33)~ ~ 4.75 66.0 2.31 -26.74 1.002 0.3124 1.62 0.70

I
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I directicn 'fo (deg) Ihs (m) Lop (m) ~ (m) 'fb (deg) Ks Kr 1\, (m)

I 210~ 35 4.75 172.1 8.26 17.40 1.031 0.9265 4.54 0.55

I
240~ 5 4.75 135.0 8.51 2.93 0.9362 O.g;m 4.68 0.55
270~ -25 4.75 146.9 8.37 -13.75 1.0015 0.%59 4.00 0.55
ll)~ -55 4.75 87.8 6.76 -31.57 0.9594 O.a:;ns 3.74 0.55

I 33)~ -85 4.75 66.0 2.ff7 -';9.79 1.~9 0.3169 1.58 0.55

I 1ffi~ 65 4.25 95.0 4.37 27.62 1.038 0.6<n> 3.Cl5 0.70

I 210~ 35 4.25 156.1 6.01 15.70 1.072 0.9224 4.20 0.70
240~ 5 4.25 126.5 6.X> 2.63 1.CJ27 0.9936 4.36 0.70

I 270~ -25 4.25 132.1 6.00 -12.48 1.038 0.%35 4.25 0.70
ll)~ -55 4.25 95.0 4.94 -26.26 1.017 0.7CJ97 3.46 0.70
33)~ -85 4.25 76.5 2.14 -23.c:x:l 1.142 O.Xffi 1.jJ 0.70

I
1ffi~ 65 4.25 95.0 5.42 3).64 1.0015 0.7r:JE 2.~ 0.55

I 21O~ 35 4.25 156.1 7.34 17.23 1.CX34 0.9261 4.07 0.55
240~ 5 4.25 126.5 7.72 2.89 0.CJU1 0.~7 4.21 0.55

I 270'1l -25 4.25 132.1 7.46 -13.70 Lcm 0.%58 4.12 0.55
rD'1l -55 4.25 95.0 6.18 -29.19 0.~15 0.81(6 3.:?8 0.55

I m'1l -85 4.25 76.5 2.64 -26.54 1.005 0.3121 1.45 0.55

I 1ffi'1l 65 3.75 95.0 3.c:x:l 26.10 1.(6) O.Eero 2.73 0.70
210~ 35 3.75 140.9 5.3) 15.jJ 1.078 0.92X> 3.73 0.70

I 240'1l 5 3.75 115.5 5.49 2.ro 1.033 0.g:HJ 3.87 0.70
270~ -25 3.75 118.2 5.:?8 -12.42 1.00 0.%33 3.76 0.70

I rD~ -55 3.75 105.0 4.46 -23.84 1.053 0.7919 3.13 0.70
33)~ -85 3.75 87.8 1.~ -21.41 1.197 0.3)f() 1.37 0.70

I 1ffi~ 65 3.75 95.0 4.85 ';9.~ 1.OX> 0.6953 2.66 0.55

I 210~ 35 3.75 140.9 6.55 17.14 1.036 0.9259 3.00 0.55
2l{)'1f. 5 3.75 115.5 6.81 2.85 0.<JJ6J O.~ 3.73 0.55

I
270~ -25 3.75 118.2 6.62 -13.64 1.~ 0.%57 3.64 0.55
:nflN -55 3.75 105.0 5.51 -26.:?8 1.015 0.ffU2 3.05 0.55
m'1l -85 3.75 87.8 2.41 -23.69 1.1465 0.:rES 1.33 0.55

I
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I direc:ticn t (deg) lb3 (m) Lop (m) ~ (m) 'fb (deg) Ks Kr \ (m) r

I 18J~ 65 3.25 105.0 3.47 23.46 1.105 0.6787 2.44 0.70
210~ 35 3.25 126.5 4.62 15.31 1.(134 0.9216 3.25 0.70

I 240~ 5 3.25 112.8 4.85 2.48 1.051 0.<J)86 3.41 0.70
270~ -25 3.25 105.0 4.67 -12.:D 1.CY14 0.%31 3.27 0.70

I xn~ -55 3.25 110.2 3.97 -22.00 1.(8) 0.7ffi5 2.78 0.70
33J~ -85 3.25 72.2 1.70 -21.89 1.185 O.ns 1.18 0.70

I 18)~ 65 3.25 105.0 4.31 26.10 1.00) o.eseo 2.36 0.55
210~ 35 3.25 126.5 5.69 16.89 i.oe 0.9253 3.13 0.55

I 240~ 5 3.25 112.8 5.<l3 2.72 1.013 O.cn37 3.29 0.55
270~ -25 3.25 105.0 5.78 -13.54 1.007 0.9655 3.16 0.55

I xn~ -55 3.25 110.2 4.Ç() -24.38 1.CY14 0.7fJYJ 2.69 0.55
33J~ -85 3.25 72.2 2.00 -24.33 1.134 0.3)13 1.14 0.55

I
I
I
I
I
I
I
I
I
I
I
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Annexure 2.8 .•

I W.ve tr.n.foraation at 10 • w.terdepth (h-10 .)

I direction 'f0 (deg) Bos (m) T (s) Lop (m) Sop h/Lop tf(deg) Kr Ks Hs/h Hs (m)
graJils

I 195'N :.0 7.25 8.5 112.8 0.())43 0.C89 31.3 0.ffi7 0.943 0.4:.0 3.91225'N X) 7.25 8.5 112.8 0.())43 0.C89 13.4 O.~ 0.943 0.4:.0 4.42255'N -10 7.25 6.5 66.0 o.ioa 0.152 - 8.2 0.~7 0.913 iO.li) 3.~

I 28s'N -40 7.25 6.5 66.0 o.ioa 0.152 -31.9 0.9:.0 0.913 :;O.li) 3.00
195'N :.0 5.25 9.5 140.9 0.0373 0.071 28.3 0.854 0.970 0.453 3.87

I
22S'N X) 5.25 9.4 1:.8.0 o.ceo 0.072 12.3 0.9U 0.%8 0.456 4.47255'N -10 5.25 8.7 118.2 O.~ 0.035 - 6.6 0.g)6 0.948 0.435 4.33285'N -40 5.25 7.8 95.0 0.0553 0.105 -27.7 0.9:r> 0.929 0.418 3.89315'N -70 5.25 7.0 76.5 0.0S86 0.131 -47.3 0.710 0.917 3.42

I :m'N -85 5.25 6.5 66.0 0.0795 0.152 -55.0 0.39) 0.913 1.87
165'N 00 4.25 8.2 105.0 O.O!IOS 0.005 43.2 o.sss 0.937 O.tm 1.%

I 195'N :.0 4.25 8.9 123.7 0.0344 0.CE1 3:>.0 0.861 0.953 0.410 3.5322S'N X) 4.25 9.5 140.9 0.CID2 0.071 12.2 0.931 0.970 0.421 4.13255'N -10 4.25 9.1 129.3 0.0329 0.077 - 6.4 0.g)5 0.959 0.415 4.12

I 285'N -40 4.25 8.5 112.8 0.0377 0.039 -25.8 0.923 0.943 O.La 3.75315'N -70 4.25 7.4 85.5 0.CA97 0.117 -44.9 0.695 0.922 2.72:m'N -85 4.25 7.0 76.5 0.0556 0.131 -51.2 0.373 0.917 1.45

I 165'N 00 3.25 8.3 107.6 0.<r02 0.003 42.8 0.L.86 0.939 1.48195~ :.0 3.25 8.6 115.5 0.0281 0.CE7 31.0 0.866 0.946 2.66225~ X) 3.25 8.7 118.2 0.0275 0.035 13.2 0.932 0.948 3.03
I 255'N -10 3.25 8.3 107.6 0.<r02 0.003 - 6.9 0.g)6 0.939 3.CA285'N -40 3.25 8.3 107.6 0.<r02 0.003 -26.3 0.924 0.939 2.82315~ -70 3.25 7.6 91.2 0.03f() 0.111 -43.9 0.689 0.925 2.07

I :m'N -85 3.25 6.8 72.2 O.CA:.o 0.139 -52.7 0.379 0.915 1.13
165'N 8) 2.75 8.7 118.2 0.0233 0.035 40.9 0.479 0.948 1.25195'N :.0 2.75 8.8 lX).9 0.0227 0.033 3:>.3 0.863 0.951 2.26

I 225~ X) 2.75 8.1 102.4 0.0269 o.ere 13.9 0.934 0.934 2.53255~ -10 2.75 7.9 97.4 0.0282 0.103 - 7.2 0.g)6 0.931 2.55285'N -40 2.75 7.9 97.4 0.0282 0.103 -27.4 0.929 0.931 2.38
I 315~ -70 2.75 7.0 76.5 0.0359 0.131 -47.3 0.710 0.917 1.79m~ -85 2.75 6.0 56.2 0.CA89 0.178 -59.1 0.412 0.914 1.CA

I 165'N 00 2.25 8.5 112.8 0.01g) 0.C89 41.9 0.483 0.943 1.02195~ :.0 2.25 8.5 112.8 0.01g) 0.C89 31.3 0.ffi7 0.943 1.84225'N X) 2.25 7.7 92.6 0.0243 O.lCE 14.5 0.935 0.927 2.05255'N -10 2.25 7.6 91.2 0.0249 0.111 - 7.4 0.g)6 0.925 2.07I 285'N -40 2.25 7.2 00.9 0.0278 0.124 -29.6 0.938 0.919 1.94315'N -70 2.25 6.7 70.1 0.0321 0.143 -49.2 0.724 0.914 1.49m'N -85 2.25 6.6 68.0 0.0331 0.147 -54.1 0.:86 0.914 0.79
I 165'N 00 1.75 7.9 97.4 0.0100 0.103 44.9 0.495 0.931 0.81195'N :.0 1.75 7.8 95.0 0.0184 0.105 33.6 0.878 0.929 1.43

I 225~ X) 1.75 7.3 83.2 0.0210 0.1x) 15.0 O.~ o.m 1.59255~ -10 1.75 7.2 00.9 0.0216 0.124 - 7.7 0.g)7 0.919 1.ff>285~ -'IJ 1.75 6.7 70.1 0.02:.0 0.143 -31.2 0.946 0.914 1.51315'N -70 1.75 6.4 64.0 0.0273 0.156 -51.1 0.738 0.913 1.18I m'N -85 1.75 6.6 68.0 0.0257 0.147 -54.1 0.3% 0.914 0.62
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I direction 't (deg) Bos (m) T (5) Lop (m) Sop h/Lop 't(deg) Kr Ks Hs/h Hs (m)
graphs

I 16.s'li 8) 1.25 7.4 85.5 0.0146 0.117 47.8 0.:<8 0.922 0.59
1951i ~ 1.25 7.3 83.2 0.0lS) 0.12) 35.5 0.009 0.920 1.02

I
~ 2) 1.25 6.5 66.0 0.0189 0.152 16.3 O.C}.X) 0.913 1.13
255~ -10 1.25 6.3 62.0 0.axY2 0.161 - 8.4 0.9l3 0.913 1.14
za5lN -LiJ 1.25 6.1 58.1 0.0215 0.172 -33.2 0.957 0.914 1.00
315~ -70 1.25 5.8 52.5 0.CY238 0.19) -55.5 o.m 0.916 0.89

I 33J~ -85 1.25 5.7 ~.7 0.fJ247 0.197 -61.8 0.429 0.918 0.49
161'N 8) 0.75 6.6 68.0 0.0110 0.147 53.2 0•.5:8 0.914 0.37

I 195~ ~ 0.75 6.5 66.0 0.0114 0.152 39.0 O.~ 0.913 0.62
225~ 2) 0.75 5.7 ~.7 0.0148 0.197 17.6 0.993 0.918 0.6S
255~ -10 0.75 5.5 47.2 0.0159 0.212 - 9.0 0.999 0.921 0.69

I
za5lN -40 0.75 5.3 43.9 0.0171 0.228 -36.1 0.974 0.926 0.6S
315~ -70 0.75 5.1 40.6 0.0185 0.246 -«>.9 0.839 0.931 0.59
33J~ -85 0.75 5.1 40.6 0.0185 0.246 -67.9 0.482 0.931 0.34

I 165~ 8) 0.25 4.5 31.6 0.0079 0.316 72.3 0.7r:fJ 0.954 0.18
195~ so 0.25 4.5 31.6 O.UJ79 0.316 47.8 0.978 0.954 0.23
22.s'1i 2) 0.25 4.5 31.6 0.0079 0.316 19.3 0.9l3 0.954 0.24

I zs5lN -10 0.25 4.5 31.6 0.0079 0.316 - 9.7 Lcm 0.954 0.24
2B5~ -40 0.25 4.5 31.6 0.0079 0.316 -38.5 O.~ 0.954 0.24
3l5'N -70 0.25 4.5 31.6 0.0079 0.316 -65.4 O.~ 0.954 0.22

I
33J'1l -85 0.25 4.5 31.6 0.0079 0.316 -74.5 0.571 0.954 0.14

I
I
I
I
I
I
I
I
I
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Annexure 2.8.b

I Wave tran.foraation at , • waterdepth (h-6 .)

I directicn fo (deg) Ihs (m) T (s) Lop (m) Sop h/Lop lf(deg) Kr Ks 15!h IJs (m)
graphs

I 195~ 50 7.25 8.5 112.8 0.(1)43 o.csa 24~T 0.841 1.013 0.5~ 2.62
~ ~ 7.25 8.5 112.8 0.(1)43 O.cm 10.7 0.978 1.013 0.5~ 3.05

I
255~ -10 7.25 6.5 66.0 0.10l3 o.on - 6.8 O.<J.l6 0.941 0.4éO 2.75
285~ -40 7.25 6.5 66.0 0.10l3 0.001 -26.1 0.923 0.941 0.4éO 2.55
1<E'N 50 5.25 9.5 140.9 O.CB73 0.~3 22.3 0.834 1.051 0.529 2.65

I 225~ ~ 5.25 9.4 138.0 0.038J 0.~3 9.8 0.976 1.051 0.532 3.12
255~ -10 5.25 8.7 118.2 O.~ 0.051 - 5.3 0.9')5 1.aJ) 0.529 3.16
285~ -40 5.25 7.8 95.0 0.0553 o.oss -22.2 0.910 O.~ 0.510 2.78

I 315~ -70 5.25 7.0 76.5 0.a586 0.078 -37.1 0.655 0.958 0.400 1.89
:ri)~ -85 5.25 6.5 66.0 0.0795 0.001 -42.9 0.345 0.941 0.4éO 0.95

I
165~ 00 4.25 8.2 105.0 O.(XR)S 0.057 33.6 0.457 1.001 0.501 1.37
195~ 50 4.25 8.9 123.7 0.CB44 0.~9 23.8 0.838 1.027 0.5.03 2.55
225~ ~ 4.25 9.5 140.9 o.ora 0.~3 9.8 0.976 1.051 0.511 2.9')
255~ -10 4.25 9.1 129.3 O.CB29 0.046 - 5.1 0.gj4 10mB 0.50) 3.~

I 285~ -40 4.25 8.5 112.8 O.CB77 0.053 -~.1 0.<.n3 1.013 0.5D3 2.73
315~ -70 4.25 7.4 85.5 0.~97 0.070 -35.3 0.fA7 0.971 0.489 1.çO
3l)~ -85 4.25 7.0 76.5 0.0556 0.078 -39.8 0.337 0.958 0.476 0.96

I 165~ 00 3.25 8.3 107.6 o.om 0.056 33.3 0.456 1.~ 0.471 1.29
195'1l 50 3.25 8.6 115.5 0.0281 0.052 24.4 0.840 1.017 0.467 2.35

I
225~ zo 3.25 8.7 118.2 0.0275 0.051 10.6 0.978 1.aJ) 0.468 2.75
255~ -10 3.25 8.3 107.6 o.am 0.056 - 5.6 0.939 1.~ 0.471 2.79
285~ -40 3.25 8.3 107.6 o.ore 0.056 -21.0 0.<n5 1.~ 0.471 2.56
315~ -70 3.25 7.6 çO.2 0.(00) 0.Ch7 -34.5 0.644 0.977 0.464 1.79

I 3l)~ -85 3.25 6.8 72.2 0.04:0 0.003 -41.0 0.340 0.951 0.445 0.91
165'1l 00 2.75 8.7 118.2 0.0233 0.051 31.8 0.452 1.aJ) 0.438 1.19

I 195~ :0 2.75 8.8 120.9 0.0227 0.0:0 24.0 0.839 1.023 0.439 2.21
225'1l 20 2.75 8.1 102.4 0.0269 0.059 11.3 0.979 0.g)6 0.435 2.56
255~ -10 2.75 7.9 97.4 0.0282 0.Ch2 - 5.8 0.915 O.~ 2.71

I
285'1l -40 2.75 7.9 97.4 0.0282 0.Ch2 -22.0 O.~ O.~ 2.47
315'1l -70 2.75 7.0 76.5 0.CB59 0.078 -37.1 0.655 0.958 1.73
3l)~ -85 2.75 6.0 56.2 0.0489 0.107 -46.4 0.356 0.928 0.91

I 16s>N 00 2.25 8.5 112.8 0.0191 0.053 32.4 0.454 1.013 1.CB
195'1l :0 2.25 8.5 112.8 0.0191 0.053 24.7 0.841 1.013 1.92
225'1l 20 2.25 7.7 92.6 0.0243 0.Ch5 11.7 O.ÇID O.çm 2.17

I 255'1l -10 2.25 7.6 çO.2 0.0249 0.Ch7 - 6.0 0.915 0.977 2.19
285'1l -40 2.25 7.2 00.9 0.0278 0.074 -23.8 0.915 0.964 1.93
315~ -70 2.25 6.7 70.1 O.CB21 o.oss -38.9 0.663 0.947 1.41

I E~ -85 2.25 6.6 68.0 0.CB31 O.CBS -42.2 0.343 0.945 0.73
165~ 00 1.75 7.9 97.4 0.0100 0.Ch2 35.1 0.461 O.~ 0.00
195~ :0 1.75 7.8 95.0 0.0184 o.oss 26.7 0.848 O.~ 1.46

I 22SN ~ 1.75 7.3 83.2 0.0210 0.072 12.3 0.931 0.968 1.67
255~ -10 1.75 7.2 00.9 0.0216 0.074 - 6.3 0.915 0.964 1.68
285~ -40 1.75 6.7 70.1 0.02:0 O.(ffi -25.5 0.921 0.947 1.53

I 315~ -70 1.75 6.4 64.0 0.0273 0.(94 -40.6 0.671 0.938 1.10
:m~ -85 1.75 6.6 68.0 0.0257 O.CBS -42.2 0.343 0.945 0.57
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I directioo 'fo (deg) Ihs (m) T (s) l.op (m) Sop h/Lop lf(deg) Kr Ks Hs/h Hs (m)
graJils

I 16~ 8) 1.25 7.4 85.5 0.0146 0.070 37.2 0.467 0.971 0.57
195~ 50 1.25 7.3 83.2 0.0150 O.on 28.4 0.855 0.%8 1.03

I 225~ J) 1.25 6.5 66.0 0.0189 0.001 13.5 0.9r3 0.941 1.16
255~ -10 1.25 6.3 62.0 o.oza 0.007 - 7.0 0.9i2 0.935 1.16
2BS~ -LiJ 1.25 6.1 58.1 0.0215 0.103 -27.4 0.929 0.931 1.03

I
3~ -70 1.25 5.8 52.5 o.ozs 0.114 -44.4 0.692 0.924 0.8)
3:J)~ -85 1.25 5.7 50.7 0,(1247 0.118 -48.7 O.~ 0.921 0.42
165~ 8) 0.75 6.6 68.0 0.0110 O.cm 41.6 0.482 0.945 0.34

I 195~ 50 0.75 6.5 66.0 0.0114 0.001 31.6 0.as9 0.941 0.61
~ J) 0.75 5.7 50.7 0.0148 0.118 14.9 O.~ 0.921 0.68
255~ -10 0.75 5.5 47.2 0.0159 0.127 - 7.7 0.CE7 0.918 0.69

,I 2BS~ -LiJ 0.75 5.3 43.9 0.0171 0.137 -Xl.7 0.944 0.916 0.65
315~ -70 0.75 5.1 40.6 0.0185 0.148 -50.0 0.729 0.914 0.50
33J~ -85 0.75 5.1 40.6 0.0185 0.148 -54.3 O.:B> 0.914 0.26

I 165~ 8) 0.25 4.5 31.6 0.0079 0.1«:n :B.7 0.587 0.916 0.13
195~ 50 0.25 4.5 31.6 0.0079 0.1«:n 42.2 0.931 0.916 0.21225CW J) 0.25 4.5 31.6 0.0079 0.1«:n 17.4 o.m 0.916 0.23

I 255~ -10 0.25 4.5 31.6 0.0079 0.1«:n - 8.8 0.9J3 0.916 0.23
2BS~ -LiJ 0.25 4.5 31.6 0.0079 0.1«:n -34.3 0.%3 0.916 0.23
315~ -70 0.25 4.5 31.6 0.0079 0.1«:n -55.5 o.m 0.916 0.18

I 33J~ -85 0.25 4.5 31.6 0.0079 0.1«:n ....(:0.90.423 0.916 0.10

I'
I
I'
I/
I
I
I
I
I
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1.2

1.1
SOP = 0.01

1 foreshore
.9 slope

0.075s: 0.05<, .8en:r:
.7 0.02

.8

'" 0.01.~

.4

.3
0 .005 .01 .015 .02 .O2~

h/Lop

Description of parameters

sOP = Hos/Lap

sop = de ep water wave steepness

Lap = deep water wave length

Hos = significant wave height on deep water

Ha = local maximum significant wave height
Tp = peak period

h = local water depth

MAXIMUM SIGNIFICANT WAVE HEIGHT ON SLOPE
FOR DEEP WATER WAVE STEEPNESS sop=O.01 Annexure 2.12

DELFT HYDRAULICS FIG. 1
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1.2

I foreshore
1.1 slope

SOP = 0.02
I 0.075

I .9
s: 0.03<, .8
al

I :c 0.02.7

I .6 ~0.01

.5

I
.4

I .3
0 .01 .02 .03 .04

I h/Lop

I 1.2

0.075
1.1

SOP = 0.03I
I 0.03

.9

s: 0.02<, .8I In:r:
.7

I .6

I .5

.4

I .3
0 .01 .02 .03 .04 .05 .06I h/Lop

For legend. see Fig. 1I MAXIMUM SIGNIFICANT WAVE HEIGHT ON SLOPE
I FOR WAVE STEEPNESSES sop=0.02 AND 0.03
_/

DELFT HYDRAULICS FIG. 2I
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> 7.25
5.25: 7.25
4.25: 5.25
3.25: 4.25
2.75: 3.25
2.25: 2.75
1.75: 2.25
1.25: 1.75
.75: 1.25
.25: .75

< .25 12.5%

Wave height rose on
open sea near Cochin ALL YEAR

Almexur. 2. 13
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> 5.25
4.25: 5.25
3.25: 4.25
2.75: 3.25
2.25: 2.75
1.75: 2.25
1.25: 1.75
.75: 1.25
.25: .75
< .25 10.0%

Wave neight rose at
10 m depth ALL YEAR
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> 5.25
4.25: 5.25
3.25: 4.25
2.75: 3.25
2.25: 2.75
1.75: 2.?5
1.25: 1.75
.75: 1.25
.25: .75

< .25

\

\

10.0%

ALL YEAR

Wave height rose at
. 6 m depth

Annexur. 2.14.b
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Annexur. 2. 19

I Long.hor. ..dia.Dt traD.port ca1cu1atioD.

Th. CERC-formula is used to calculate th. longshor. sediment tran.port.
Th. problem is how to find the representative values of waveh.ight. (Bos),
which can be used for this calculation.I Description of parameters in this annexure:

I

- Lop
- Bos
-Bb
-hb
- Co
- Cb
-'{JO
- fPb
- 'Y- Ks
-Kr
- Sx
- p
- +

is the deep water wave length (in m)
is the deep water significant waveheight (in m)
is the breaker waveheight (in m)
is the breaker depth (in m)
is the deep water wave celerity (in mIs)
is the wave celerity at the breakerline (in m/.)
i. the deep water angl. of wave approach (in deg)
is the angle of wave approach at the breakerline (in deg)
is the breaker index
is the shoaling coefficient
is the refraction coefficient
is the longshore sediment transport rate (in mA3/year)
is the occurrence probability per year (in ')
is sediment transport from S to N
is sediment transport from N to S
is the acceleration of gravity (in m/sA2)

I

I
I

- 9

I
I
I

In the CERC-formula, the sediment transport is a function of (BbA2)*Cb ;
the value of wave celerity (Cb) is a function of Vhb (Cb=\!(g*hb», and the
waterdepth at the breakerline (hb) is a function of the breaker waveheight
(hb:a:Bb/'Y)•
So, it is reasonable to assume the longshore sediment transport at the
breakerzone is a function of HA2.S •
A representative value of the waveheight (Hos) for each direction can be taken
as the 2. SIh root of the sum of all waveheights raised to the 2.S'" power,
multiplied by the percentage of observation of each waveheight.

So, for different directions the representative waveheights can be calculated,
using annexure 2.1 (see table 1):I

I
I
I
I
I
I
I
I
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tabla 1 Representative waveheights for different directions
P-occurrence probabilitie8 (')

15Hos 180· 210· 240· 270· 300· 330·
0.2515 * 0.18 0.14 0.26 0.49 0.81 1.11
0.5015 * 1.21 1.31 1.70 3.07 4.96 5.34
1.0015 * 1.70 1.09 2.39 4.49 5.46 5.28
1.5015 * 1.40 0.85 2.35 3.84 3.42 2.75
2.0015 * 0.87 0.65 1.66 4.53 1.80 0.61
2.5015 * 0.38 0.34 1.19 2.22 1.21 0.28
3.0015 * 0.04 0.08 0.42 1.98 0.79 0.08
3.7515 * 0.06 0.04 0.40 1.03 0.49 0.04
4.7515 * 0.00 0.02 0.20 0.40 0.04 0.02
6.2515 * 0.00 0.02 0.00 0.02 0.00 0.00

15
E Hos*P • 16.71 15.98 57.60 143.73 65.55 23.37
Hos • 1.52 1.65 1.97 2.12 1.64 1.18

I
I
I

I
I These values of waveheights are used in the longshore

calculations.
The mean significant wave period (T) is about 6 s, so :

sediment transport

I
I

Lop -----------56.2 mand Co ------=9.4 m/s
g*TA2 Lop

T

I
The breaker waveheight/breaker depth ratio (=breaker index) is assumed to be
0.7.

I
For the different directions ~o is known, so ~b can be calculated
error (choose hb, calculate Hb, control Hb/hb < or > y, choose new
When ~b is known, the sediment transport rates (in mA3/year)
directions can be calculated using the CERC-formula:

1Sx=0.02*Hos*Co*cos(~)*sin(~b)*(365*24*3600)*P

by trial and
hb, etc.).
for various

I The results are presented in table 2:

I
I
I
I
I
I
I
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tabla 2 Longshore sediment transport rate

direct ion fI'O Hos hb ~b K. Kr Mb 'Y P Sx(*10"'6
from H (m) (m) (a) (') a"'3/y)

180· +65· 1.52 1.65 +22.0· 1.134 0.675 1.16 0.70 5.85 +0.127
210· +35· 1.65 2.30 +16.2· 1.060 0.924 1.62 0.70 4.55 +0.168
240· + S· 1.97 2.85 + 2.7· 1.020 0.999 2.01 0.71 10.58 +0.114
270· -25· 2.12 3.00 -13.3· 1.013 0.965 2.07 0.69 22.09 -1.227
300· -550 1.64 2.00 -22.00 1.086 0.787 1.40 0.70 18.97 -0.650
3300 -850 1.18 0.70 -15.90 1.371 0.301 0.49 0.70 15.51 -0.031

gross sediment transport rat.: 2.317

I
Th. gross sediment transport rat. i. 2.317*10"'6 m"'3/year , th. n.t sediment
transport rate is about 1.50*10"'6 m"'3/year from H to S.
This annual net transport rate is very high and can be explained by th. high
va lues of occurrence probabilities for the directions 270· H to 3300 H (causing
transport from H to S) compared with the occurrence probabilities for the
directions 1800 N to 2400 N (causing transport from S to H).

I So, another longshore sediment transport calculation is made, using waveheight
data from 'Ocean Wave statistics' in annexure 2.5.

I
I
I

The representative waveheights for different directions are determined in table
3:

I

tabla 3 Representative waveheights for different directions

P=occurrence probabilities (')
u

Hos 1800 2100 2400 2700 3000 3300

0.252.$ * 0.33 0.43 0.43 0.71 0.67 0.54
0.502.$ * 0.81 1.03 1.52 1.78 1.56 1.29
1.002.$ * 1.67 2.73 4.77 4.77 2.99 1.62
1.502.$ * .1.57 3.04 5.05 5.28 2.10 0.72
2.002.$ * 0.65 1.43 ·3.76 3.23 1.06 0.26
2.502.$ * 0.35 0.64 2.18 1.64 0.43 0.08
3.002.$ * 0.16 0.21 0.80 0.67 0.14 0.02
3.SOu * 0.03 0.11 0.34 0.24 0.05 0.02
4.002.$ * 0.03 0.06 0.12 0.12 0.02 0.01
4.502.$ * 0.03 0.03 0.06 0.02 0.00 0.00
5.002.$ * 0.00 0.00 0.02 0.01 0.00 0.00

u
E Hos*P = 18.72 36.14 89.58 75.34 23.29 7.20

Hos z 1.62 1.69 1.86 1.75 1.46 1.20

I
I
I

I
I
I
I
I
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I
The mean significant wave period is about 6 s.
The sediment transport rates (in mA3/year) for various direct ion. are preaented
in table 4:

I
I
I

t.abl. , Longshore sediment transport rat.

direct ion rpo Hos hb ~b Ka Kr Hb 'Y P Sx(*10"'6
trom N (m) (m) (m) (') m"'3/y)

1800 +650 1.62 1.75 +22.80 1.118 0.677 1.23 0.70 5.63 +0.143
2100 +350 1.69 2.35 +16.40 1.055 0.924 1.65 0.70 9.73 +0.380
2400 + 50 1.86 2.75 + 2.60 1.027 0.999 1.91 0.69 19.05 +0.177
2700 -250 1.75 2.50 -12.20 1.046 0.963 1.76 0.70 18.47 -0.642
3000 -550 1.46 1.80 -20.80 1.112 0.783 1.27 0.71 9.02 -0.230
3300 -850 1.20 0.70 -15.90 1.371 0.301 0.495 0.71 4.56 -0.009

gross sediment transport rat.: 1.581I
I The net sediment transport rate is about 0.18*10"'6 m"'3/year trom N to S.

This annual net transport rate is mueh lower eompared to the annual net
transport rate resulting from table 2: the values of oeeurrenee probabilities
for the directions 2700 N to 3300 N (eausing transport from N to S) are lower
than the values in table 2 and are nearly equal to the values of oeeurrrenee
probabilities for the directions 1800 N to 2400 N (eausing transport from S to
N). Although the annual gross sediment transport rate is still high, the annual
net transport rate turns out to be rather low.

I
I
I
I
I
I
I
I
I
I
I
I
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Annexur. 4.1

I
I
I
I

Dredging quantiti.s and costs for alt.mati •• 3 (t.rainal n.ar shor.)

Taking the cost of capital dredging in sand as RB 3S per cu m, the coat of
maintenance dredging as RS 4S per cu m.

The total capital dredging quantitiea and coata for different veaael sizes are
aummarized in table 1:

tabla I Capital dredging quantities and cost. (RB 3S per cu m)

I
I
I
I
I

vessel size quantity cost
(dwt) (million m"3) (million RS)

40,000 11.6 406
50,000 12.8 448
60,000 15.2 532
80,000 18.3 641

100,000 21.8 763
120,000 25.3 886

Estimation of siltation in the harbour:

- estimated net suspended sediment concentration: 50 rog/I (50*10"-3 kg/m"3)
- tides per year: (365*24)/12.4=706
- density of dry sediment partieles: 2650 kg/m"3
- density of in-situ sediment: 1200 kg/m"3
- density of sea water: 1025 kg/m"3
- volume of water filled voids in 1 m"3 of sediment (Vv):

1200::z(2650)*(l-Vv)+(1025*Vv) - Vv=0.89
- dry sediment partieles contained in 1 m"3 of sediment:

(1-0.89)*2650=292 kg
- maximum tidal range: 1.10 m

The maintenance dredging quantities and costs for different vessel sizes are
summarized in table 2:

I
I

table 2 Maintenance dredging quantities and costs (RS 4S per cu m)

vessel size dredged area quantity* volume cost
(dwt) A (m"2) (kg/year) (m"3/year) (million RS)

40,000 1.81*10"6 7.0*10"7 239.7*10"3 11
50,000 1.93*10"6 7.5*10"7 256.8*10"3 12
60,000 2.14*10"6 8.4*10"7 287.7*10"3 13
80,000 2.43*10"6 9.4*10"7 321. 9*10"3 14

100,000 2.71*10"6 10.5*10"7 359.6*10"3 16
120,000 2.97*10"6 11. 5*10"7 393.8*10"3 18

I
I
I
I
I
I
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* The siltation quantity in the harbour is: Q=A*I.10*(50*10A-3)*706
(in kg/year)

I
Tha aediment volume is spread over ths harbour bottom in a layar, which i. 0.13
m thick. As indicated in section 4.1.2.3, the allowanca tor .iltation i. 0.5 m,
.0 ths harbour should be dredged &bout once evsry tour yaars.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Ann.xur. 4.2

Dr.dging quantiti.s and costs for alt.mati •• 4 (t.rainal ••ar !nl.t)

Th. total capital dredging quantities and cast. for different ves •• l .iz•• ar•
•ummarized in table 1:

I
I
I
I

tabla 1 Capital dredging quantities and casts (RS 35 per cu m)

vessel size quantity cost
(dwt) (mUlion m"3) (mUlion RS)

40,000 24.3 850
50,000 26.3 921
60,000 30.1 1054
80,000 35.1 1230

100,000 40.5 1416
120,000 45.5 1594

I
I

The maintenance dredging quantities and casts for different vessel Bizes are
summarized in table 2 (see a1so annexure 4.1):

I

tabla 2 Maintenance dredging quantities and casts (RS 45 per cu m)

vessel size dredged area quantity volume cast
(dwt) A (m"2) (kg/year) (m"3/year) (mi11ion RS)

40,000 2.44*10"6 9.5*10"7 325.3*10"3 15
50,000 2.60*10"6 10.1*10"7 345.9*10"3 16
60,000 2.86*10"6 11.1*10"7 380.1*10"3 17
80,000 3.21*10"6 12.5*10"7 428.1*10"3 19

100,000 3.56*10"6 13.8*10"7 472.6*10"3 21
120,000 3.86*10"6 15.0*10"7 513.7*10"3 23

I
I

I
'I
I

The harbour should be dredged once every tour years.

The si1t-trap shou1d be dredged once every two years:

quantity: 2.1*10"6 m"3/year
cost: RS 95*10"6

I
I
I
I
I
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Annexur. 4.3

I Dredging quantitiea and coata for altemati.. 5 (t.rainal n.ar pow.r plant)
Th. total capital dredging quantities and cost. for diff.rent v•••• l .iz •• are
.ummarized in table 1:

I
I
I
I

tabla 1 Capital dredging quantities and costs (RS 35 per cu m)
vessel .ize quantity co.t

(dwt) (million mA3) (million RS)
40,000 19.0 665
50,000 20.8 728
60,'000 24.0 840
80,000 28.0 980

100,000 32.4 1134
120,000 36.8 1288

I
I
I

The maintenance dredging quantities and cost8 for different ve8sel 8ize8 are
8ummarized in table 2 (see also annexure 4.1):

I
I

table 2 Maintenance dredging quantitie8 and COst8 (RS 45 per cu m)
vessel size dredged area quantity volume C08t

(dwt) A (mA2) (kg/year) (mA3/year) (million RS)
40,000 2.05*10"'6 8.0*10"'7 274.0*10"'3 12
50,000 2.20*10"'6 8.5*10"'7 291.1*10"'3 13
60,000 2.44*10"'6 9.5*10"'7 325.3*10"'3 15
80,000 2.76*10"'6 10.7*10"'7 366.4*10"'3 16

100,000 3.08*10"'6 12.0*10"'7 411. 0*10"'3 18
120,000 3.36*10"'6 13.0*10"'7 445.2*10"'3 20

I
I'
J

The harbour should be dredged once every tour years.

The silt-trap should be dredged once every two years:
quantity: 2.1*10"'6 m"'3/year
cost: RS 95*10"'6

I
I
I
I
I
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Relat;ve crest height Rc/Hmo or Rc/Hs

proposed formula for Kt
- - - - 90% confidence levels

-2.0 < Re IHs <-1.13
-, ., 3< Re IHs < '.2
1.2 < Re IHs < 2.0

Kt = 0.80
Kt = 0.46 - 0.3 Re IHs
Kt = 0.10

Reliability: o (Kd = 0.09
+90% confidence levels: Kt 0.15

95% confidence levels: Kt + 0.18

PROPOSED FORMULA FOR WAVE TRANSMISSION

WITH ALL DATA Annexure 5.1

DELFT HYDRAULICS

2
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Annexur. 5.2

I

I

Approxiaat. co.t of con.truction per a' length of rubbl. aound br ••kw.t.r .t 19
a w.t.rdepth

To calculate the repair cost, the (approximate) co.t of construct ion and th.
(approximate) cost of the cover layer have to be determined fir.t.
Thi. is do ne for two significant waveheights by determininq rouqhly the
dimensions of the breakwater; the average value of costs of the cover layer is
used to calculate the repair cost.

I

I
I

The formulae of Van der Meer are used, assuminq no damage (5-2):

(Hs/6*Dn50)~~z - 6.2*(PAO.18)*(5,vN)AO.2 for plunqing waves,

(Hs/6*Dn50) - 1.0*(PA-0.13)*(5,vN)AO.2*(~zAP)~cota for surqinq waves,

tana
~z -------------------~(2*~*HS/g*TA2)

I
I
I
I
I

The transit ion from plunging waves to surginq waves is:

~z .. (6.2* (PAO. 31) ~tana) 1/(P+O.5)

The properties of the structure are:

- the mass density of the armour unit (pa) is 2500 kg/mA3 (concrete cubes)
- the mass density of sea water (p) is 1025 kg/mA3
- the relative mass density (6)is 1.44
- the damage level (S) is 2 (no damage)
- the permeability coefficient (P) is 0.5
- the slope angle (a): cota is 1.5 (slope 1:1.5)
- the number of waves (N) is 3000
- the average design period (T) is 10 s
- Dn50 ie the nominal diameter (in m)

1) He - 7.0 m

primary armour layer: ~z=3.15 (plunging waves)
Dn50=3.06 m
weight: (3.06A3)*2500-71,632 kg, say 72 T
layer thickness: t=m*k* (W/pa*q) 113, where

,
I W is weight (in Newton)

m is no. of layers of armour units (m=2)
k is emperical layer coefficient

(1.1 for random placement)

I So, t=6.75 m

I
I
I
I
I
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berm: size of stone in the berml W/l0-7200 kg
width of the berm: 3*k* (w/pa*g)lfJ_4.7 Dl

height of the berm: 2*k* (W/pa*g)11J_3.1 Dl

I
I

crest elevation
(overtopping breakwater):

maximum waveheight in protectad area: Ht-0.8 Dl
design waveheight (once per yaar): Hi-4.75 Dl

(see section 4.1.1 and annexure 2.16)
using annexure 5.1:
Kt-Ht/Hi-0.8/4.75-0.17-0.46-(0.3*Rc/Hs),
so Rc-4.6 Dl

I
I crest width:

crest elevation is:
Rc + design water level at 19 Dl dapth-4.6+1.1-5.7 Dl
(see section 2.2.6 and figure 2.2.6)
B=m' *K* (W/pa/g)lIJ,where m'-3 (at least)
so B=lO.O m

I filter layer: gravel, 1 m thick

I
I

volume of the breakwater per m' length: 1300 mA3
volume of the cover layer per m' length: 330 mA3
volume of concrete, assuming 45\ voids: 0.55*330-180 mA3
volume of rock: 1300-330=970 mA3
weight of rock (40\ voids): 970*1.6-1550 T
Initial cost of breakwater per m' length (see section 5.2):

I
I

180*1500- RS 270,000
1550*275= RS 426,250

say RS 427,000
Armour unit cost per m waveheight: 270,000/7= RS 38,571

- cost of concrete armour units of 180 mA3
(including transportation and placement):

- cost of rock of 1550 T
(average price: RS 275 per T):

I
I
I
I
I
I
I
I
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2) H. - 5.0 m

I primary armour layer: ~z-3.72 (plunging wave.)
OnSO-2.37 m
weight: (2.37A3)*2500-33,280 kg, .ay 34 T
layer thickne •• : t-5.25 m

- cost of concrete armour units: (5.25/6.75)*270,000- RS 210,000I
I
I
I
I
I
I

Armour unit cost per m waveheight: 210,000/5- RS 42,000
Average value of armour unit cost per m waveheight:

(38,571+42,000)/2-40,285 , say RS 40,000

The approximate eost of construct ion (initial cost) par m' length of rubble
mound breakwater for 19 m waterdepth is: RS 40,000*H. + 427,000.

I
I
I
I
I
I
I
I,
I
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Ann.xur. 5.3

I ••p.ir coat par a' langth of rubbl. aound bra.kw.t.r .t 19 a w.t.rd.pth

Th. dimensions of the cover layer of • breakwater ar. r.l.ted to th. de.ign
waveheight (Hs) corresponding to • 'no damage' criterion.
If the design waveheight is exceeded, di.placement of armour unit. will occur.
For constant intervals AHs an amount of damage (w) can be calculated, assuming
the damage is equal to: w-2*(Sj100)*cost cover layer, wh.re

S is the damage coefficient (formulae of V. d. Meer)

I

I
I
I
I
I
I

The recurrence interval of waves in the interval AHs (-pa.torm. per year) cao
ba read from annexure 2.16.
The corresponding anticipated annual damage is equal to p*w.

The parameters for computation of the optimum cost of th. breakw.ter are
summarized in table 1.

The total anticipated annual damage is equal to E p*w.
The capitalized value of the sum depends on the life time of the structurel the
present value of the (uniform) annual maintenance payments is determined by
multiplying the annual payment by the present worth factor (pwf). As indicated
in section 5.3, the pwf is 7.843 (for i-12' and n=25 years).
In table 2 the capitalized repair costs (5) for different design waveheights
are given:

tabla 2 Capitalized repair cost

with repairing partial damage without repairing partial damage

I

design
waveheight
Hs (m)

4.0
5.0
6.0
7.0
8.0

S=7.843*Ep*w
(RS)

5=7.843*(p*w)~
(RS)

495,560
82,022
14,666
3,569

714

230,192
19,670

I
I
I
I
I

This is shown graphically in figure 1.

I
I
I
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The total cost is given by the sum of the initial coat (1) and the repair coat
(S). The total costs for different design waveheighta are given in tabla 3:

I
t.abl.3 Total coat per m' length

with repairing partial damage without repairing part.ialdamage
design
waveheight 1 S total coat 1 S total cost
Ha (m) (RS) (RS) (RS) (RS) (RS) (RS)

4.0 587,000 495,560 1,082,560 587,000 230,192 817,192
5.0 627,000 82,022 709,022 627,000 19,670 646,670
6.0 667,000 14,666 681,666 667,000 667,000
7.0 707,000 3,569 710,569 707,000 707,000
8.0 747,000 714 747,714 747,000 747,000

I
I
I
I
I
I
I

This ia shown graphically in figure 2.

The optimum design wave is found to be 6.0 m, which has a probability of
occurrence of 1 in 10 years. However, in view of uncertainitiea in the
quantative values of some assumptions, it ia desirable t.otake a waveheight on
higher side. The design waveheight (Hs) is taken aa 6.5 m, which haa a
probability of occurrence of 1 in 20 years (waveheight with magnitude in the
range of 6.25 to 6.75 m).

I,
I
I

I
J
I
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Annexure 5.4

I Design of rubble mound bre.kwater, bed le.el at -19 •

The properties of the structure are:

I - pa-2500 kg/rnA3 (concrete cubes)
- p-102S kg/mA3
- 6-1.44 _
- S-S (tolerable damage)
- P-O.S
- cota-1.S (slope 1:1.5)
- N-3000 waves
- T-10 s

I~ The design waveheight (Hs) is 6.5 m.

I
I
I

primary arrnour layer: ~z=3.27 (plunging waves)
Dn50=2.41 m
weight: (2.41A3)*2500-34,994 kg, say 35 T
layer thickness: t-2*1.l*(35000/2500)ln-5.3 m

I
I
I
I

W/10=3.5 T
t ..2.5 rn
The secondary l.yer should withstand the less
severe storms during the construct ion phase.
Taking a design storm occuring 10 times per year
yields: Hs=3.1 m, Dn50-l.19 m, W-4.2 T.
Since this is heavier than 1/10 of the primary
armour weight, this value will be used.
So t=2.6 m, rock gradation: 5 T to 1 T.

The rock gradation will be so chosen, that all the stone sizes from the
quarries will be used.

secondary layer:

filter layer:

W/200 to W/6000 = 175 kg to 5 kg, but choose rock
gradation of 1 T to 1 kg
1 m thick with stones in the range of 1 kg to 20 kg
B=3*1.1*(35000/2500)ln=8 m

core:

crest width:
berm: size of stone: W=4.2 T

width: 3*1.1*(4200/2500)ln=4 m
height: 2*1.1* (4200/2500) In=2.6 m

I
I
I
I
I
I
I
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crest elevation: Kt=Ht/Hi-0.8/4.75-0.17-0.46-(0.l*Rc/H.),
so Rc-4.6 m (annexure 5.1)

I
I

crest elevation i.,
Re + design water level at 19 m depth-4.6+1.1-5.7 m
(see section 2.2.6 and figure 2.2.6)

A typical breakwater section at 19 m waterdepth i8 .hown in figure 1.

I
I

volume of the breakwater per m' length: 1250 mA3
volume of the cover layer per m' length: 265 mA3
volume of concrete, assuming 45\ voids: 0.55*265-145 mA3
volume of rock: 1250-265=985 mAl
weight of rock (40\ voids): 985*1.6-1580 T

Initial cost of breakwater per m' length:

I
I

- cost of concrete armour units of 145 mA3
(including transportation and placement): 145*1500- RS 217,500

- cost of rock of 1580 T
(average price: RS 275 per T): 1580*275= RS 434,500

tot.l- RS 652,000

I Capitalized repair cost of breakwater per m' length for waveheight of 6.5 m
(see figure 1 in annexure 5.3): RS 7,500.

I
I

The total cost of breakwater per m' length is: RS 659,500 , say RS 660,000.

I
I
I
I
I
I
I
I
I
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Annexure 5.5

Approxiaate coat of conatruction par a' length of rubbl • .aun4 br ••kw.t.r .t ,
••• terdepth

I
The approximate cost of construction and the approximate coat of the cover
layer are determined for two waveheighta.

The properties of the structure are:

I
I

- pa-2500 kg/mA3 (concrete cubes)
- p-1025 kg/mA3
- cS-I. 44
- S-2 (no damage)
- P-O.5
- cota-1.5 (slope 1:1.5)
- N-3000 waves
- T-10 s

I 1) Hs - 5.5 m

I primary armour layer: ~z=3.55 (plunging waves)
Dn50=2.55 m
weight: (2.55A3)*2500=41453 kg, say 42 T
layer thickness: t=5.6 m

I berm: size of stone: W/IO=4200 kg
width: 3.9 m
height: 2.6 m

I crest elevation: maximum waveheight in proteeted area: Ht-O.8 m
design waveheight (onee per year): Hia4.0 m
(see seetion 4.1.1 and annexure 2.18.a)

I using annexure 5.1:

I
Kt=HtjHi=O.8/4.0=O.20=O.46-(O.3*Re/Hs),
so Re=3.5 m

I
crest elevation is:
Re + design water level at 9 m depth=3.5+1.1=4.6 m
(see section 2.2.6 and figure 2.2.6)

crest width: 8=8.45 m

I
filter layer: gravel, 1 m thick

I
I
I
I
I
I
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volume of the breakwater per m' lenqth: 450 mA3
volume of the cover layer per m' lenqth: 185 mA3
volume of concrete, aasuminq 45\ voida: 0.55*185-102 mA3
volume of rock: 450-185-265 mA3
weiqht of rock (40\ voids): 265*1.6-425 T

I Initial cost of breakwater per m' lenqth (aee aection 5.2):

- cost of concrete armour units of 102 mA3:
- cost of rock of 425 T:

102*1500- RS 153,000
425*275- RS 117,000

I Armour unit cost per m waveheiqht: 153,000/5.5- RS 27,818

I 2) Ba - 4.0 m

primary armour layer: ~z=4.17 (surqinq waves)
Dn50=1.97 m
weiqht: (1.97A3)*2500=19,113 kq, aay 20 T
layer thickness: t-4.4 mI

I - cost of concrete armour units: (4.4/5.6)*153,000= RS 120,000

Armour unit cost per m waveheight: 120,000/4= RS 30,000

I Average va1ue of armour unit cost per m waveheiqht:

(27,818+30,000)/2=28,909 , aay RS 29,000

I
I

The approximate cost of construct ion (initial cost) per m' lenqth of rubble
mound breakwater for 9 m waterdepth is: RS 29,000*Bs + 117,000.

I
I
I
I
I
I
I
I
I
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Annexur. 5.6
Repair coat per a' length of rubbl. aound breakwat.r at , a wat.rd.pth

I
The repair costs are deterrnined conforrnably the method used in annexur. 5.3;
the exceedance curve for Hs at 10 m waterdepth in annexur. 2.18.a can ba used.
The parameters for computation of the optimum cost of the breakwater ar.
summarized in table 1.

I The total anticipated annual damage is equal to t p*w.
Using the pwf (see section 5.3), the capitalized repair costs for different
design waveheights are as follows (table 2):

I tabla 2 Capitalized repair cost

I design
waveheight
Hs (m)

3.0
4.0
5.0

with repairing partial damage without repairing partial damage
5=7.843*tp*w

(R5)

I 1,208,700
57,230
7,694

5=7.843*(p*w)~
(R5)

751,987

I
This is shown graphically in figure 1.

I The total costs (5+I) for different design waveheights are given in table 3:

I tabla 3 Total cost per m' length

I

design
waveheight I 5 total cost I 5 total cost
Hs (m) (R5) (R5) (R5) (R5) (R5) (R5)

3.0 204,000 1,208,700 1,412,700 204,000 751,987 955,9874.0 233,000 57,230 290,230 233,000 233,0005.0 262,000 7,694 269,694 262,000 262,0006.0 291,000 291,000 291,000 291,000

with repairing partial damage without repairing partial damageI

I
I

This is shown graphically in figure 2.

I
I
I
I
I



I
I 56

I N,...........
......0- co

l ......NO-
P. .,q ,.....

lJ"l

I " ......

I 0
lil 0
X 0
ie :J • I

I
-o .,q

0...... N
V
~ """0
lil P. .,q0

I x I

ie 00.,q
...... Oc-"!

en ......c-"!
• I

I ......0-
N

c-"!.,q

I
CO.,q

lil ...... ~
X :J . • I

ie CO N.,q ...... ......
......

I V ,..... ,.....
X 0- ......
V P. I

lil ...... 0
X

'" ie• N lJ"l LI'lO-

I "" .,q .,qN
lIS ...... en
~ 0 LI'lLI'l

......
lIS•

I '".Cl c-"!.,q......
O"""CO.... lil :J .,q,.....o-

0 X
ie ~\.O

"" N

I 11
0 ......
0 V 0 \.ON

X P. lJ"l ,..... ......
S V
::J lil c-"!00

I
s X.....
"" CO NNa- en ~ O-CO
0

c-"!NN....

I
0

e
0..... ~-"" Q) lil ~lil .., »X Q)

I "" lil t1l ie »::J 0 ......0 000 t1la- o 0 000S ~O 000 ......
0 ...... Q) ~0 t1l > 0- ,..... ~1J"l

Q)

I '"
...-4 ON CO .......,q >.., t) ............

0 ...-4 en 0.... c: ~ c:: o
11 ...-4 0 - ~
'" 0

I • .., ..,"" lil• 0 - 000 lil

~ t) ...... 000 0
t)

'" t1l- 000 ie...... ..,enlil t1l OC:: .,qc-"!N -
I

~ ...-4 .., - Oc-"!~ 0
0.., - NNN ......

.-4 ...-4 <,c en• .~ -.-4 ie

I ,Q - 000 N• lil e I
~ X - c-"!.,qLl'l :J



I .c
tc

I •.... 57

'"•41..
I ~..•'".Q
I ·s

'"S.
0 &
CID '-'

I 41
ril

•
:c

0
...

U
.s::.
00

.... 0 ....

I
.. ...
41

,... .s::.

0
...

41
>
Cl

•
:J

:s
c::

I •
00

'"
0 ....

•
lil

>D AI

>
..,

41

I
.c ijOl...• 0

.c ---------
• i

11"1

>

I
..
:J
c
Ol

0...• "'"

I •Q
,..
•

0

I '"
COl

s 0 0 0 0... 11"1 0 11"1 0... COl COl N N

I
SlI (01*) ~so:> le~o~

41.c
Ol...•

I
.c•> 0.. ......
)

CID e

C

I
Ol

ril... :c

• ...
QJ

0 .c
'C

00,... .....

• ...

I :s
.c

•
...

'"
>
Ol

QJ
:J

> 0 c::

I
41

00

•
>D .....

0
(/)

U
AI..,

'"...
I

.. 0

P-
QJ

11"1

'"'C
QJ

I
N... 0...... "'"
41...

I
P-..
0

0

.... COl

I • 0 0 0 0

'" >D "'" N

s ( SlI (Oh) ~so:> .Jleda.J pazlle~lde:>......



I
I
I

58

I

The optimum design wave is found to be 5.0 m; the design waveheight (Hs) is
taken as 5.25 m, which is the maximum expected waveheight at 10 m watardapth
(.aa tablea of occurrence and exceedanca probabilitie. in annexures 2.10 •• and
2.11 ••). It can be aaaumed that tha optimum design wave .t sh.llow water (10 •
waterdepth or less) is the maximum expected waveheight at that depth (tha
maximum waveheights are limited by the watardepth).

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Annexure 5.7
De.igu of rubble mound breakwater, bed level at -9 •
The properties of the structure are:

I - pa-2500 kg/mA3 (concrete cubes)
- p=1025 kg/mA3
- 6-1.44
- S-5 (tolerable damage)
- P-0.5
- cota-1.5 (slope 1:1.5)
- N::o:3000waves
- T-10 s

I
I The design waveheight (Hs) is 5.25 m.

I primary armour layer: ~z=3.64 (plunging waves)
Dn50=2.05 m
weight: (2.05A3)*2500=21,538 kg, say 22 T
layer thiekness: t=4.5 m

I seeondary layer: W/10=2.2 T
t=2.1 m
Taking a design storm oeeuring 10 times per year
yields: Hs=2.7 m, Dn50=1.00 m, W=2.5 T.
Sinee this is heavier than 1/10 of the primary
armour weight, this value will be used.
So t=2.2 m, rock gradation: 3 T to 1 T.
W/200 to W/6000 • 110 kg to 4 kg, but choose rock
gradation of 1 T to 1 kg
1 m thiek with stones in the range of 1 kg to 20 kg

I
I eore:

I filter layer:
crest width: 8=7 m

I berm:

I erest elevation:

size of stone: W=2.5 T
width: 3.3 m
height: 2.2 m
Kt=Ht/Hi=0.8/4.0=0.20=0.46-(0.3*Re/Hs),
so Re=3.5 m (annexure 5.1)

I
ere st elevation is:
Re + design water level at 9 m depth=3.5+1.1-4.6 m
(see seetion 2.2.6 and figure 2.2.6)

I
A typieal breakwater seetion at 9 m waterdepth is shown in figure 1.

I
I
I
I
I
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volume of the breakwater per m' length: 430 mA3
volume of the cover layer per m' length: 145 mA3
volume of concrete, assuming 45' voids: 0.55*145-80 mA3
volume of rock: 430-145-285 mA3
weight of rock (40' voids): 285*1.6-456 T

I Initial cost of breakwater per m' length:

I

80*1500- R. 120,000
456*275- RS 125,400

total- RS 245,400
Capitalized repair cost of breakwater per m' length for waveheight of 5.25 m
(see figure 1 in annexure 5.6): RS 4,500.

- co st of concrete armour units of 80 mA3
(including transportation and placement):

- coat of rock of 456 T
(average price: RS 275 per T):I

I The total cost of breakwater per m' length is: RS 249,900 , aay RB 250,000.

I
I
I
I
I
I
I
I
I
I
I
I
I
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Annexure 5.8

I
I

Oe.ign of rubble aound breakwater, bed level at -7 •
A. indicated in annexure 5.6, it can be assumed that for th. optimum d•• ign
wave at shallow water the maximum expected waveheight can ba taken. Th. total
water level rise at the 7 m contour is about 1.20 m, so the maximum local
waterdepth is 8.20 m. The maximum expected waveheight at this depth i. about
4.25 m.

I The properties of the structure are:

I
- pa-2500 kg/mA3 (concrete cubes)
- p-1025 kg/mA3
- 6-1.44
- S-5 (tolerable damage)
- P-0.5
- cota-1.5 (slope 1:1.5)
- N-3000 waves
- Tz::10sI

The design waveheight (Hs) is 4.25 m.

I primary armour layer: ~z=4.04 (plunging waves)
Dn50=1. 75 m
weight: (l.75A3)*2500=13,398 kg, say 14 ton
layer thickness: t-3.9 mI secondary layer: W/10=1.4 T
Taking a design storm occuring 10 times per year
yields: Hs=2.6 m, Dn50=0.96 m, Wz2.2 T
(Hs is estimated using annexures 2.18.a and 2.18.b)
t=2.l m, rock gradation: 3 T to 0.1 T.I

I core: W/200 to W/6000 - 70 kg to 2.5 kg
choose rock gradation: 0.1 T to 1 kg

filter layer: 1 m thick with stones in the range of 1 kg to 20 kg

I ere st width: B=7 m
berm:

crest elevation:

size of stone: W=2.2 T
width: 3.2 m
height: 2.1 m

Kt=Ht/Hi=0.8/3.75=0.2l=0.46-(O.3*Re/Hs),
so Re=3.1 m (annexure 5.1)
(Hi is estimated using annexures 2.18.a and 2.l8.b)

I
I
I

erest elevation is:
Re + design water level at 7 m depth=3.l+l.2=4.3 m
(see seetion 2.2.6 and figure 2.2.6)

I
I
I
I
I
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A typical breakwater section at 7 m waterdepth i. shown in figure 1.

I
volume of the breakwater per m' length: 350 mA3
volume of the cover layer per m' length: 115 mA3
volume of concrete, assuming 45\ voids: 0.55*115-65 mA3
volume of rock: 350-115-235 mA3
weight of rock (40\ voids): 235*1.6-376 T
Initial coat of breakwater per m' length:I - cost of concrete armour units of 65 mA3

(including tranaportation and placement):
- cost of rock of 376 T

(average price: RS 275 per T):
65*1500- RS 97,500
376*275- RS 103,400

total- RS 200,900
I
I Capitalized repair cost of breakwater per m' length (estimated):

RS 2,500

I The total cost of breakwater per m' length ia: RS 203,400 , aay RS 204,000.

I
I
I
I
I
I
I
I
I
I
I
I
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AnIl.xure 5.9

I D••ign of rubble aound breakwater, bed l.v.l at -7 a
The properties of the structure are:

I - pa-2650 kg/mA3 (quarry stones)
- p-l025 kg/m ....3
- 6-1.59
- S-5 (tolerable damage)
- P-0.5
- cota-3.0 (slope 1:3.0)
- N-3000 waves
- T-IO •

I
I The design waveheight (Hs) is 4.25 m.

primary armour layer: ~z=2.02 (plunging waves)
Dn50=1.12 m
weight: (1.12A3)*2650=3,723 kg, say 4 T
layer thickness: t=2.5 mI

I secondary layer: W/I0=0.4 T
Taking a design storm occuring 10 times per year
yields: Hs=2.6 m, Dn50-0.78, W=l.26 T.
t-l.7 m, rock gradation: 3 T to 0.1 T.

I
I filter layer:

W/200 to W/6000 - 20 kg to 1 kg
choose rock gradation: 0.1 T to 1 kg
1 m thick with stones in the range of 1 kg to 20 kg
B=7 m

core:

crest width:

I berm: size of stone: W=1.26 T
width: 2.6 m
height: 1.7 m

I crest elevation: Re + design water level • 4.3 m
(see annexure 5.8)

I
I
I
I
I
I
I
I
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A typical breakwater section at 7 m waterdepth is shown in fiqure 1.

I
I

volume of the breakwater per m' lenqth: 500 mA3
volume of rock: 500 mA3
weiqht of rock (40\ voids): 500*1.6=800 T
Initial cost of breakwater per m' length:

I - co st of rock of 800 T: 800*275- RS 220,000
Capitalized repair cost of breakwater per m' length (estimated):
RS 2,500

I
The total cost of breakwater per m' lenqth is: RS 222,500 , say 223,000.

I
I
I
I
I
I
I
I
I
I
I
I
I
I



.L. 8.,L

I
0

67
if)

I
I

0
11"'1
N

...-f

I ~I !:z;l
...l
<

!:z;l
C)

Q
(IJ

I
1-1
Cl)

Q::;
;::::J
0

I
I:Q
Q::;

<
::I:

I'
J e

("1

I
-e
+

I •• 00 00

e ~ ~
0 e

...-f 0
~• 0

N

I
0

>- ,.... .j..I 0

~ .j..I

~ E-<., ...-f 00

& ~

I
0 ...-f

e
r-
I

I ~.,
.-4
CD>

I
CD
.-4

'0
CD
,Q

I
..
~
CD~.,
)
~

I
., ~
CD Q
~ 1-1
,Q Cl)

'0

I
e -e
:J ~
0 Cl)
e
CD
.-4

I
,Q ~r,Q
:J
12:

.-4

I
e

• 0

lots 0\

...
I

lt4
..;t

I e
C

0
...-f



I
I
I

68

Annexur. 5.10

I
I

D.sign of rubble aound braakwatar, bad l.val at -5 a

Th. water level rise at the 5 m contour i8 about 1.20 m, 80 th. maximum loc.l
waterdepth is 6.20 m. The maximum .xpected waveh.ight at 6 m w.t.rdepth i8
about 3.25 m (see tables of occurrence and exceedance probabiliti.. in
annexures 2.l0.b and 2.l1.b).

The properties of the structure are:

I
- pa-2500 kg/mA3 (concrete cubes)
- p-1025 kg/mA3
- 6-1.44
- S-5 (tolerable damage)
- P-0.5
- cota-l.5 (slope 1:1.5)
- N-3000 waves
- T-I0 sI The design waveheight (Hs) is 3.25 m.

I primary armour layer: ~z=4.62 (surging waves)
Dn50=1. 26 m
weight: (1.26A3)*2500= 5,001 kg, say 5 T
layer thickness: t-2.8 m

I secondary layer: W/I0=0.5 T
Taking a design storm occuring 10 times per year
yields: Hs=2.5 m, Dn50=0.91 m, W-l.9 T.
t=2.0 m, rock gradation: 2 T to 0.1 T.

I
I filter layer:

W/200 to W/6000 - 25 kg to 1 kg
choose rock gradation: 0.1 T to 1 kg

1 m thick with stones in the range of 1 kg to 20 kg

B=7 m

core:

ere st width:

I berm: size of stone: W=1.9 T
width: 3.0 m
height: 2.0 m

,I crest elevation: design waveheight (once per year): Hi-3.25 m
(see section 4.1.1 and annexure 2.18.b)

I
Kt=Ht/Hi=0.25=0.46-(0.3*Rc/Hs),
so Rc=2.3 m (annexure 5.1)

I
I

crest elevation is:
Re + design water level at 5 m depth=2.3+1.2=3.5 m
(see section 2.2.6 and figure 2.2.6)

I
I
I
I
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A typical breakwater section at 5 m waterdepth is ahown in figure 1.

I
I
I

volume of the breakwater per m' length: 200 mA3
volume of the cover layer per m' length: 65 mA3
volume of concrete, assuming 45' voida: 0.55*65-36 mA3
volume of rock: 200-65-135 mA3
weight of rock (40\ voids): 135*1.6-220 T
Initial cost of breakwater per m' length:

I
- coat of concrete armour units of 36 mA3

(including transportation and placement):
- cost of rock of 220 T

(average price: RS 275 per T):
36*1500- RS 54,000

60,500220*275- RS
totale RS 114,500

I Capitalized repair cost of breakwater per m' length (estimated):
RS 1,500

I The total cost of breakwater per m' length is: RS 116,000.

I
I
I
I
I
I
I
I
I
I
I
I
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Annexure 5.11

I De.ign of rubble aound braakwater, bed lavel at -5 •
The properties of the structure are:

I
I

- pa-2650 kg/mA3 (quarry stones)
- p-l025 kg/mA3
- 6-1.59
- S-5 (tolerable damage)
- P-0.5
- cota-3.0 (slope 1:3.0)
- N-3000 waves
- T-I0 s

The design waveheight (Hs) is 3.25 m.
primary armour layer: ~z=2.31 (plunging waves)

On50=0.92 m
weight: (0.92A3)*2650=2,065 kg, say 2.1 T
layer thickness: t-2.0 mI

I secondary layer: W/I0=0.21 T
Taking a design storm occuring 10 times per year
yields: Hs-2.5 m, On50-0.75 m, W-l.12 T.
tzl.65 m, rock gradation: 2 T to 0.1 T.

I core: W/200 to W/6000 = 10 kg to 0.4 kg
choose rock gradation: 0.1 T to 1 kg

I filter layer: lm thick with stones in the range of 1 kg to 20 kg
crest width: 8=7 m

I
I

berm: size of stone: W=1.12 T
width: 2.5 m
height: 1.65 m

crest elevation: Re + design water level - 3.5 m
(see annexure 5.10)

I
I
I
I
I
I
I
I
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A typical breakwater section at 5 m waterdepth i. shown in fiqure 1.

I
I
I

volume of the breakwater per m' lenqth: 300 mA3
volume of rock: 300 mA3
weiqht of rock (40\ voids): 300*1.6-480 T
Initial coat of breakwater per m' lenqth:
- coat of rock of 480 T: 480*275- RS 132,000

Capitalized repair cost of breakwater per m' lenqth (eatimated)a
RS 1,500

I
The total cost of breakwater per m' lenqth ia: RS 133,500 , aay RS 134,000.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Annexure 5.12
Diffraction calculationi \'18ves passing the breakwater at depth contour.

of 19 •

design waveheight: Hs=4.75 m (once per year)
design period T=10 s
wave length 1.=156.1m

Y1=1141.7 m
o"1=14.7

r1=1180.4 m

r -yw= 1 1 =0.25
L

using the Cornu spiral:

Y2=326.0 m
o«2=26.8

r2=365.3 m
r -y 2w= 1 1 =0. 5

L

using the Cornu spiral:
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I
Ann.xure 5.13
Aeeretion at th. north.rn breakwater

I
The southerly sediment transport is assurned to ba 1.06*10A6 mA3/y.ar (...
••etion 2.3.2 and annexure 2.19).
Th. representative waveheight (Hos) is &bout 1.65 m; the maan .ignifieant wave
period (T) is 6 s, so the wave eelerity (Co) i. 9.4 mI ••

I - Using annexure 2.1:

I
the southerly sediment transport of 1.06*10A6 mA3/year i. eaused by wav.s from
W to N with oeeurrenee probability of 56.6' per year, whieh maan. a sediment
transport of (Sx):
1.06*10A6 mA3/year

I 0.566*365*24*3600

I
Using the CERC-formula
cos (~) *sin(rpb)=0.116, so
angle at the breaker line

- Using annexure 2.5:

2Sx=O.02*Hos*Co*eos (~) *sin(rpb), it appear. that
the deep water wave angle (~) is 14° and the wave
(rpb)is 6.9° (for y=0.7).

I oeeurrenee probability is 32.1' per year, so Sx-0.11
eos(~)*sin(rpb)=0.205. Thus rpo=27°and rpb=13° (for y-0.7).

and

I

The average angle of wave approach is about 20° (rpo), the slope of the aeereted
beaeh is assumed to be 1:100, the breaker depth (hb) i8 about 3.0 mand the
total water level rise is about 1.2 m (8ee figure 1).
The approximate aeeretion time for different breakwater lengths (=aeeretion
length-L) is as follows (using the formula in seetion 5.3):

- h=5 m: d=6.2 m, L=600-(100-1.5)*3=304 m, h/Lo=0.089, rp'=13.4°=0.23rad
t=1.8 years

I
I

- h=6 m: d=7.2 m, L=1100-(100-1.5)*3=804 m, h/Lo=0.107, rp'=14.4°-0.25rad
t-13.8 years

I - h-7 m: d=8.2 m, L=1600-(100-1.5)*3=1304 m, h/Lo=0.125, rp'-15.2°-0.27rad
t=38.2 years

I figure 1 Profile at start of sand passage

I L

I
I
I

breakwater ~
~---~,---------------------------------------~~--------_. ---------/

d

I
I
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Annexura 6.1
Tabla. for cODveyor balt design

T.uu; 1 20° Troughed Bell-Three Equal Rolls Standard Edge Distance = 0.055b + 0.9 Inch
A I - Cross Section of Load Capacity at 100 FPM

Bell
(FtJ) (FtJ/Hr)

Width Surcharge Angle Surcharge Angle
(Inches) 00 5° 100 15° 20° 250 300 00 50 100 15° 20° 250 300

18 .089 .108 .128 .147 :167 .188 .209 537 653 769 886 1005 1128 1254
24 .173 .209 .246 .283 .320 .359 .399 1041 1258 1477 1698 1924 2155 2394
30 .284 .343 .402 .462 .522 .585 .649 1708 2060 2414 2772 3137 3511 3897
36 .423 .509 .596 .684 .774 .866 .960 -2538 3057 3579 4107 4645 5196 5765
42 .588 .708 .828 .950 1.074 1.201 1.332 3533 4250 4972 5703 6447 7210 7997
48 .781 .940 1.099 1.260 1.424 1.592 1.765 4691 5640 6594 7560 8544 9552 10592
54 1.002 1.204 1.407 1.613 1.822 2.037 2.258 6013 7225 8444 9678 10935 12223 13552
60 1.249 1.501 1.753 2.009 2.270 2.537 2.812 7498 9006 10522 12057 13621 15223 16876
72 1.826 2.192 2.560 2.933 3.312 3.701 4.102 10961 13155 15364 17599 19876 22210 24617
84 2.513 3.014 3.519 4.030 4.551 5.085 5.635 15079 18089 21119 24186 27309 30511 33813
96 3.308 3.967 4.631 5.302 5.986 6.687 7.411 19850 23806 27787 31816 35921 40128 44466

TABU 2 35° Troughed Bell~Three Equal Rolls Standara Edge Disrance = 0.055b + 0.9 Inch
A, - Cross Section of Load Capacity at 100 FPM

Bell
(FtJ) (FrJ/Hr)

wuu« Surcharge Angle Surcharge Angle
(Inches) 00 50 100 15° 20° 25° 300 0° 50 100 15° 20° 25 ° 30°

18 .144 .160 .177 .194 .212 .230 .248 864 964 1066 1169 1274 1381 1492
24 .278 .309 .341 .373 .406 .440 .474 1668 1857 2048 i241 2438 2640 2847
30 .455 .506 .557 .609 .662 .716 .772 2733 3039 3346 3658 3975 4300 4636
36 .676 .751 .826 .903 .980 1.060 1.142 4058 4508 4961 5419 5886 6364 6857
42 .940 1.044 1.148 1.254 1.361 1.471 1.585 5644 6266 6891 7524 8169 8830 9511
48 1.248 1.385 1.523 1.662 1.804 1.949 2.099 7491 8312 9138 9974 10825 11698 12598
54 1.599 1.774 1.950 2.128 2.309 2.494 2.686 9598 10646 11700 12768 13855 14969 16118
60 1.994 2.211 2.429 2.651 2.876 3.107 3.345 11966 13269 14580 15906 17257 18642 21058
72 2.913 3.229 3.547 3.869 4.197 4.532 4.879 17484 19378 21285 23215 25182 27196 29275
84 4.007 4.440 4.876 5.317 5.766 6.226 6.701 24043 26641 29256 31902 34597 37360 40210
96 5.274 5.842 6.415 6.994 7.584 8.189 8.812 31645 35058 38490 41966 45506 49134 52876

TABLE 3 45° Troughed Belt=Three Equal Rolls Standard Edge Distance = O.055b + 0.9 Inch
A, - Cross Section of Lood Capacity at 100 FPM

Belt
(FtJ) (FtJ/Hr)

Width Surcharge Angle Surcharge Angle
(Inches) 00 50 10° 15° 200 _25° 300 00 5° 100 15° 20° 25° 30°

18 .170 .184 .199 .214 .230 .245 .262 1021 1109 1198 1289 1380 1475 1572
24 .327 .355 .383 .411 .439 .469 .499 1967 2132 2299 2467 2638 2814 2996
30 .536 .580 .625 .670 .716 .763 .812 3218 3484 3752 4023 4299 4581 4873
36 .795 .860 .926 .992 1.060 1.129 1.200 4775 5165 5558 5955 6360 6775 7204
42 1.106 1.195 1.286 1.377 1.470 1.566 1.664 6636 7175 7717 8265 8824 9397 9987
48 1.467 1.5.85 1.704 1.825 1.948 2.074 2.204 8803 9514 10229 10953 11690 12445 13224
54 1.879 2.030 2.182 2.336 2.492 2.653 2.819 11276 12182 13094 14017 14957 15921 16915
60 2.342 2.529 2.718 2.909 3.104 3.303 3.509 14053 15179 16312 17458 18626 19823 21059
72 3.420 3.693 3.967 4.245 4.528 4.818 5.117 20524 22160 23807 25473 27171 28910 30705
84 4.702 5.076 5.452 5.832 6.220 6.617 7.027 28216 30458 32713. 34997 37322 39706 42165
96 6.188 6.678 7.172 7.671 8.180 8.701 9.239 37128 40071 43032 46029 49081 52210 55437
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Annexur. 6.2

I Ship'8 berthing energy

The berthing energy follows from Saurin's formula:

I

I

m is the mass of the veasel (in kg)
v is the berthing speed (in mIs)
C_ is the (added) maaa factor

(hydrodynamie coefficient)
C. is the eccentricity coefficient
Cl is the deformation coefficient

I
The mass factor can be calculated using Costa's expression:

I
C_zl+2(D/B) , where:

I
D is the dra ft of the vessel
B is the beam of the vessel (see section 4.1.2.1)

The average berthing speed of the vessel (v) is assumed to be 0.15 mIs (see
figure 1), the deformation coefficient (Cl) and eccentricity coefficient (C.)
are assumed to be 0.9 and 0.6 respectively.

I figure 1 Graph for determining berthing speeds

I Difficult berthing,
exposed

I
Good berthing,
exposed

I
Easy berthing,
exposed

DiHicult berthing,
sheltered

BEATHING SPEED. CM/SEC.

I Easy berthing.
sheltered

A - lor v.... I. of .bout
B - ..
C - ••
O-
E _ .•
F -O·_

1.000 Ion.
5.000 Ion.
10.000 lons
20.000 lons
30.000 Ion.
80.000 IonI

•• 100.000 lonl end I.rg.rI o 10 20 30 40 50 60 70 80

I
The berthing energy for various vessel sizes is summarized in table 1:

I
I
I
I
I
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tabl. 1 Berthing (kinetic) energy

I

vessel size (dwt) ship's mass (10"3 kg) c_

40,000 52,000 1.82
50,000 65,000 1.80
60,000 78,000 1.80
80,000 104,000 1.76

100,000 130,000 1.73
120,000 156,000 1.74

E (10"'3 Rm)
574.9
710.8
852.9

1112.0
1366.3
1649.0

I
I

The fender forces depend on the type of fendering system; from energy-
deflection curves (marine fendering catalogues) the most suitable type of
fendering system can be determined.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Ann.xure 6.3

I
I

Kooring forc.. due to wind
Th. resultant wind forces acting on a moored ahip are calculated using the
following equationa:
longitudinal wind force:
lateral wind force:

F_=C_*1'..*A,.,.*(v..1/2*g)
F,...=C,...*1'..*A,...*(v..1/2*g) , where:

I
I

C_ ia the longitudinal wind force coefficient
c,... ia the lateral wind force coefficient
1'.. ia the apecific weight of air

(1.225 kg/mA3)
A,. ia the area, exposed to wind force.

(in mA2)
v.. is the wind velocity (in mts)
9 ia the accëleration of gravity (9.81 m/aA2)I Values for C_ and C,...are indicated in table 1:

I tab1. 1 Wind force coefficient
wind direct ion C....

max min mean
bow (x) 1.04 0.62 0.82
stern (x) 1.02 0.64 0.77
croaswise (y) 1.40 0.80 1.11

I
I
I The exposed area depends on the load condition: fully loaded or ballasted. Only

data of a 150,000 dwt tanker are available (see table 2):

I tabla 2 Exposed area to wind forces

I load condition A,.,.(mA2) A,...(m"2)
full
ballast

1.2*10"3
1.8*10"3

2.5*10"3
5.5*10"3

I
I

The wind velocity is assumed to be 45 knots, which ia a practical value for
design (see section 6.3.1).
So, the following wind forces can be calculated (C,.min- C,.max):
full: F_= 25 t - 42 t

F,...=67 t - 117 t
F_= 37 t - 63 t
F,...=147t - 258 tI ballast:

I
I
I
I
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