mteet =/ <

ro

S DYUo| RERL SHAS A

|

(=]]

Finite Element Dynamic Analysis of a Vertical Pile by Wave and Tidal Current
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Abstract

New dynamic analysis procedures for the vertically drilled sea water pile are suggested and demonstrated by the typical
design problem. Pile structure submerged in the sea water as well as forces by the ocean waves and tidal currents are
modeled and formulated by finite element method. To obtain wave forces for the finite element equation, Airy's wave
theory is tested and selected among others. Lateral lifting forces induced by the vortex shedding of current flow is simply
based on the harmonic function with the Strouhal frequency and lifting coefficient. Natural frequencies and frequency
responses for the pile are calculated by NASTRAN using the results of the formulation. Dynamic displacement and stress
results obtained by these procedures are shown to be applicable to predict the dynamic behaviors of the ocean pile by the
wave and lifting forces as a preliminary design analysis.

keywords : vertical pile, scouring, ocean wave, wave force, current vortex, finite element, natural frequency analysis,
response spectrum
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-12.73 36.96 0.28 36.59 0.28
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{Fieryr {Fore} Muee)] [Cuee)l {Fiee)t {Foee)}r [(Muee)] [Cuee)l {Fireyt {Foeey} [Muee)] [Chee)l
'472.74 94.01 380.96 120.71 572 56 112.73 469.03 146.20 611.22 119.93 503.85 156.07
797.99 135.14 761.92 203.76 930.45 150.98 938.06 237.59 978.59 156.29 1007.70 249.88
515.07 80.29 761.92 157.05 675.22 79.51 938.06 172.42 693.45 78.48 1007.70 177.07
174.09 47.70 761.92 121.06 490.01 41.87 938.08 125.12 491.40 39.41 1007.70 125.48
365.45 28.34 761.92 93.32 355.61 22.05 938.06 90.80 348.22 19.79 1007.70 88.92
281.74 16.85 761.92 71.94 258.08 11.62 938.06 65.90 246.76 9.94 1007.70 63.01
217.25 10.02 761.92 55.47 187.31 6.12 938.06 47.83 174.87 4.99 1007.70 44.65
167.57 5.96 761.92 42.79 135.96 3.22 938.06 34.72 123.94 2.51 1007.70 31.85
©29.32 3.55 761.92 33.02 98.70 1.70 938.06 25.20 87.85 1.26 1007.70 22.43
99.89 2.12 761.92 25.51 71.68 0.90 938.06 18.30 62.28 0.63 1007.70 15.90
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NW 28 M E5 (d=24.6m) Displ. (mm) Stress(N/cm”™2)
Node z Displ. Stress 0 100 200 0 2,500 5.000
No (m) (mm) __ (N/cm?) 100
100
100 7.00 186.2 0.2
101 6.00 179.3 08 102 |
102 5.00 172.5 3.6
103 4.00 165.6 8.2 10a |
104 3.00 158.7 144 104 i
105 2.00 151.8 22.3 106 |
106 1.00 145.0 31.8 106
107 0.00 138.1 42.2 108
108 -1.29 129.2 g3 108 B
109 -2.59 1204  166.3 !
110 -3.88 111.5 2824 110 o p
111 -5.18 102.8 4245 H
112 -6.47 94.1 587.8 112 nz2 Q3
113 ~7.77 85.5 768.4 —
114 -9.06 77.1 963.7 114 14 9
115 | -10.36 68.9 1171.2 —
116 -11.65 60.2  1389.1 116 16
117 | -12.95 53.2  1615.8 ]
118 -14.24 458 18501 18 118
119 | -15.54 38.8  2090.5 —
120 -16.83 322  2336.2 120 120 —=
121 -18.13 261  2586.2 |
122 -19.42 20.4 2839.6 122 122 F——
123 | —20.72 15.4  3095.6 —
124 -22.01 11.0 3353.6 124 124 F———
125 | -23.31 7.2 3613.1 —
126 —24.60 4.2 3873.6 126 106 |
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Vortex Frequency Response (d=18.6)

Current Velocity = 1.17 m/s
POINT z {Fuee} | Displ. Stress
No (m) (N/m) | (mm) (N/em?)
100 7.00 0.0 4.9 0
101 6.00 0.0 4.7 0
102 5.00 0.0 4.5 0
103 4.00 0.0 4.3 0
104 3.00 0.0 4.1 0
105 2.00 0.0 3.9 1
106 1.00 0.0 3.6 1
107 0.00 19.1 3.4 1
108 | -0.98 38.1 3.2 2
109 | -1.96 38.1 3.0 4
110 | -2.94 38.1 2.8 6
111 -3.92 38.1 2.6 10
112 | -4.89 38.1 2.4 14
113 | -5.87 38.1 2.2 19
114 | -6.85 38.1 2.0 25
115 | -7.83 38.1 1.8 32
116 | -8.81 38.1 1.7 39
117 | -9.79 38.1 1.5 47
118 |-10.77 38.1 1.3 56
119 |-11.75 38.1 1.1 66
120 [-12.73 38.1 0.9 76
121 |-13.71 38.1 0.8 87
122 |-14.68 38.1 0.6 99
123 |-15.66 38.1 0.5 111
124 |-16.64 38.1 0.4 124
125 |-17.62 38.1 0.3 137
126 _|-18.60 19.1 0.2 152
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Vortex Frequency Response (d=24.6m)

15
e
il

Displacement(mm) Stress{N/cm"2)

Current Velocity = 1.40 m/s

POINT z {FLee} | Displ.  Stress

No (m) (N/m) | (mm) _ (N/em?)

100 7.00 0.0 601.0 1

101 6.00 0.0 578.9 5

102 5.00 0.0 556.8 21

103 4.00 0.0 534.7 47

104 3.00 0.0 512.6 84

105 2.00 0.0 490.5 130

106 1.00 0.0 468.5 185

107 0.00 115.1 | 446.4 245

108 -1.29 230.2 417.9 381

109 -2.59 230.2 389.5 608

110 -3.88 230.2 361.2 919

111 -5.18 230.2 333.1 1,308

112 -6.47 230.2 305.2 1,770

113 ~-7.77 230.2 277.7 2,298

114 -9.06 230.2 250.7 2,886

115 [-10.36 230.2 2243 3,528

116 |[-11.65 230.2 198.5 4,219

117 [-12.95 230.2 173.6 4,954

118 [-14.24 230.2 149.7 5,726

119 [-15.54 230.2 127.0 6,530

120 |[-16.83 230.2 105.5 7,362

121 -18.13 230.2 85.6 8,217

122 [-19.42 230.2 67.2 9,090

123 [-20.72 230.2 50.7 9,978

124 |-22.01 230.2 36.2 10,877

125 [-23.31 230.2 23.9 11,784

126 | —24.60 115.1 13.9 12,696
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