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Fig.1 Force model of impermeable tube
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I, D)7 $ B2 2 00 e il O R B B il R AR E O
B gy B B N A 5 (20 ) THER HC A AR
X (27) A,

5) BB EVR AL I 7 B4 B % B AT 1 %
S, IR AT B K 378 S [T A A0 R 8 B R A Y
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30w
N, =" (37)
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TP HEPEAE S H A I R 22 PN, 3 mT LA 200t ik 2

£1 609.6 mm(24")FEIK

3G K A B AR
5 RS

[ 1] &0 K B 1 B oK 5 8 44 oD =
0.609 m, N2 ID=577.8 m, H7EZS P& & N
q=572.7 kg/m, AR IHAEKIZE 500 ~3 000 m B b
KA I AR

i AR AT NV B E N 1.3 g/em’ & [FIF
2 S8 B RS A5  JR R RN K 5 B B 22 00 5 A IF
Ve Fe IR (28) = (32) 1T A4S 76 A R K I 4%
PF T 178 455 A A A B, TR L6 1,

SEE S HEAMENITHEER

Table 1 Result of preceding 5 — order natural frequency of 609.6 mm (24" ) drilling riser

WK 4 Wi S B A7 4 % /s ! i 5 B [ A ARG/ (re min ™)
A= T o, o,, o, w,, s, Nn,, Nn,, Nn,, Nn,, Nns,
KB I/m i o/ (°)

/1000 kg =1 n=2 n=3 n=4 n=5 n=1 n=2 n=3 n=4 n=5

1 500 0.1 238.6 0.34 1.05 3.64 6.14 11.3 3.3 10. 1 35 58.7 % 108 *
2 1 000 0.1 477.2 0.09 0.26 0.91 1.54 2.84 0.8 2.5 8.7 14.7 27.1
3 2 000 0.1 954.5 0.02 0.07 0.23 0.39 0.72 0.2 0.6 2.2 3.7 6.8
4 3 000 0.1 1431.7  0.01 0.03 0.10 0.17 0.32 0.1 0.3 1.0 1.7 3.1
1 500 0.3 238.6 0.20 0.61 2.10 3.55 6.52 1.9 5.8 20 33.9  62.3 %
2 1 000 0.3 477.2 0.05 0.15 0.53 0.89 1.64 0.5 1.5 5.0 8.5 15.7
3 2 000 0.3 954.5 0.01 0.04 0.13 0.22 0.41 0.1 0.4 1.3 2.1 3.9
4 3 000 0.3 1431.7  0.01 0.02 0.06 0.10 0.19 0.1 0.2 0.6 1.0 1.8
1 500 0.5 238.6 0.15 0.47 1.63 2.75 5.05 1.5 4.5 16 26.2  48.3 %
2 1 000 0.5 477.2 0.04 0.12 0.41 0.69 1.27 0.4 1.1 3.9 6.6 12.1
3 2 000 0.5 954.5 0.01 0.03 0.10 0.17 0.32 0.1 0.3 1.0 1.7 3.1
4 3 000 0.5 1431.7  0.00 0.01 0.05 0.08 0.14 0.0 0.1 0.4 0.7 1.4
1 500 1 238.6 0.11 0.33 1.15 1.94 3.57 1.0 3.2 11 18.6 34.1
2 1 000 1 477.2 0.03 0.08 0.29 0.49 0.90 0.3 0.8 2.8 4.7 8.6
3 2 000 1 954.5 0.01 0.02 0.07 0.12 0.23 0.1 0.2 0.7 1.2 2.2
4 3 000 1 1431.7  0.00 0.01 0.03 0.06 0.10 0.0 0.1 0.3 0.5 1.0
1 500 3.0 238.6 0.06 0.19 0.67 1.12 2.06 0.6 1.8 6.4 10.7 19.7
2 1 000 3.0 477.2 0.02 0.05 0.17 0.28 0.52 0.1 0.5 1.6 2.7 5.0
3 2 000 3.0 954.5 0.00 0.01 0.04 0.07 0.13 0.0 0.1 0.4 0.7 1.2
4 3 000 3.0 1431.7  0.00 0.01 0.02 0.03 0.06 0.0 0.1 0.2 0.3 0.6
1 500 5.0 238.6 0.05 0.15 0.52 0.87 1.60 0.5 1.4 4.9 8.3 15.3
2 1 000 5.0 477.2 0.01 0.04 0.13 0.22 0.40 0.1 0.4 1.2 2.1 3.8
3 2 000 5.0 954.5 0.00 0.01 0.03 0.06 0.10 0.0 0.1 0.3 0.5 1.0
4 3 000 5.0 1431.7  0.00 0.00 0.01 0.02 0.05 0.0 0.0 0.1 0.2 0.4
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(B 2] ©MIEAKEIFRRKSESME OD = it [RBR, W] LIS BRI B N 1.3 g/em’ 5
0.762 m, N2 ID =0.723 9 m, K= AP @&y HE MR, I B (28) F=X (32) SR, 74 31
q=689.7 kg/m, SRILAEKTE 500 ~3 000 m BFFG  ASEIKEESAE N B A 003 0 A8 fb R, 1 40 5008 DL
K Y [ A AR #2,

F2 762 mm BAKSER S MEFHENITESER

Table 2 Result of preceding 5 — order natural frequency of 762 mm drilling riser

Wk S 4 i S B A7 4 % /s ! i S B AT R/ (re min )
7 WHT e, ©,, 0y, oy, w5, Nn, Nn, , Nn, Nn,,  Nns,
K I/m i o/ ()
/1000 kg n=1 n=2 n=3 n=4 n=5 n=1 n=2 n=3 n=4  n=5
1 500 0.1 368.2  0.421 1.299  4.484 7.56 13.9 4.02 12,4 42.8%  72.3% 133 %
2 1 000 0.1 736.5 0.106  0.326 1.125 1.90 3.49 1.01 3.11 10.74 18.1 33.3
3 2 000 0.1 1472.9  0.027  0.082  0.283 0.48 0.88 0.25 0.78 2.70 4.6 8.4
4 3000 0.1 2209.4  0.012  0.037  0.126 0.21 0.39 0.11 0.35 1.21 2.0 3.75
1 500 0.3 368.2  0.243  0.750  2.589 4.37 8.03 2.32 7.16 24.7 41.7% 76.7%
2 1 000 0.3 736.5 0.061 0.188  0.649 1.09 2.01 0.58 1.80 6.20 10.5 19.2
3 2 000 0.3 1472.9  0.015  0.047  0.163 0.28 0.51 0.15 0.45 1.56 2.6 4.84
4 3000 0.3 2209.4  0.007  0.021 0.073 0.12 0.23 0.07 0.20 0.70 1.2 2.16
1 500 0.5 368.2  0.188  0.581 2.006 3.38 6.22 1.80 5.55 19.2 32.3  59.4%
2 1 000 0.5 736.5 0.047  0.146  0.503 0.85 1.56 0.45 1.39 4.81 8.1 14.9
3 2 000 0.5 1472.9  0.012  0.037  0.127 0.21 0.39 0.11 0.35 1.21 2.0 3.75
4 3000 0.5 2209.4  0.005  0.016  0.057 0.10 0.18 0.05 0.16 0.54 0.9 1.68
1 500 1 368.2  0.133  0.411 1.418 2.39 4.40 1.27 3.92 13.55 22.8  42.0%
2 1 000 1 736.5 0.033  0.103  0.356 0.60 1.10 0.32 0.98 3.40 5.7 10.5
3 2 000 1 1472.9  0.008  0.026  0.089 0.15 0.28 0.08 0.25 0.85 1.4 2.65
4 3000 1 2209.4  0.004  0.012  0.040 0.07 0.12 0.04 0.11 0.38 0.6 1.19
1 500 3.0 368.2  0.077  0.237  0.819 1.38 2.54 0.73 2.27 7.82 13.2  24.3
2 1 000 3.0 736.5 0.019  0.059  0.205 0.35 0.64 0.02 0.07 0.23 0.4 0.72
3 2 000 3.0 1472.9  0.005  0.015  0.052 0.09 0.16 0.01 0.03 0.10 0.2 0.32
4 3000 3.0 2209.4  0.002  0.007  0.023 0.04 0.07 0.01 0.02 0.06 0.1 0.18
1 500 5.0 368.2  0.060  0.184  0.635 1.07 1.97 0.07 0.21 0.72 1.2 2.23
2 1 000 5.0 736.5 0.015  0.046  0.159 0.27 0.49 0.02 0.05 0.18 0.3 0.56
3 2 000 5.0 1472.9  0.004  0.012  0.040 0.07 0.12 0.01 0.02 0.08 0.1 0.25
4 3000 5.0 2209.4  0.002  0.005  0.018 0.03 0.06 0.00 0.01 0.05 0.1 0.14
[ 3] &%, WAKES K R4 SR oD = AR R NI E R 1.3 g/em’ T,

0.609 m, N4 ID =577.8 m, HiAEZ S rh Ay & 4 Iii] Bisf 2% 16 1) 48 N R I RIIAE K %% B 22 501 5 1S 1 7
M q=572.7 kg/m, HRHAEKIE 500 ~3 000 m,  FEM R (28) 2= (32) Af LUK i, 45 ) 7E AN [A]
ik oAb K S A R 3 A5 H R BRK S IKUREEA T A 426 8 A8 AL LA T 4R DL 3% 3
A AR Al AR 1k
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#3 609.6 mm(24" ) [BKSEREKAZEGETR S MEBEREHITEER

Table 3 Result of preceding 5 — order natural frequency of 609.6 mm (24" ) drilling riser with different tensions

F K 5 TS B A7 5% /s ! i S B A ARG/ (v min T
T K s whT o, w,, o, o, ws, Nn,, Nn, , Nn, , Nn,, Nn, &
I/m a/(7) /1000 kg n=1 n=2 n=3 n=4 n=5 n=1 n=2 n=3 n=4 n=>5
1 500 0.1 715871.0  0.34 1.06 3.66 6.17 11.3 3.3 10.1 35 58.9 108
21000 0.1 1431742.1 0.09 0.27 0.92 1.56 2.86 0.8 2.6 8.8 14.9 27.3 ik I
32000 0.1 2863484.1 0.02 0.07 0.23 0.40 0.73 0.2 0.6 2.2 3.8 7.0 3% E
4 3000 0.1 4295226.2 0.01 0.03 0.11 0.18 0.33 0.1 0.3 1.0 1.7 3.1
1 500 0.1 238623.7  0.34 1.05 3.64 6.14 11.3 3.3 10.1 35 58.7 108
21000 0.1 477247.4  0.09 0.26 0.91 1.54 2.84 0.8 2.5 8.7 14.7 27.1
32000 0.1 954494.7  0.02 0.07 0.23 0.39 0.72 0.2 0.6 2.2 3.7 KRR
4 3000 0.1 1431742.1 0.01 0.03 0.10 0.17 0.32 0.1 0.3 1.0 1.7 3.1
WAL 1 N 2 AT LLE I . o

DA o XoF B 7K S 480 1 1 A 480 23R 199 52 i) g Ky
B S TR A 6 [) A A 7 R R[] AR 1 B 7K S 4 RS
A o BN A AR, ANk 1 b [RIAER
H $609. 6 mm FRE7K T4, 7E KT 500 ~3 000 m 1) 5%
PR YA A S ot = AR N 0.01 s,
TMAEAB A R 0. 10 ©iF = =By [ A S 208 m 1
10 /5,358 0.1 s,

2) TE[RIFE B 7K R R RE B (£ 25 F, SE L
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Calculation and research on deepwater drilling riser
flexural equation and natural frequency

Jiang Wei
( China National Offshore Oil Corporastion( CNOOC) , Beijing 100027 , China)

[ Abstract| Flexural equation was established in this paper, which was based on application of deepwater
drilling riser and Ritz methods in elastoplastic mechanics. Axial tension, inclination angle, lateral gravity compo—
nents and axial gravity components were considered. Therefore, simple calculation method for natural frequency of
drilling riser was achieved. Free-hinged beam was taken as constraint condition of flexural equation combined with
drilling string real conditions, which made research approach practical work more. Purpose of research was to pro—
vide reasonable design and selection for deepwater drilling riser, and provide a more efficient and applied method
which would show guiding significance for deepwater drilling operation.

[ Key words | deepwater drilling; drilling riser; flexural equation; natural frequency; shape function
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