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Abstract

In this paper, for a seismic analysis of an offshore subsea manifold, Response Spectrum Analysis(RSA) and Time History
Analysis(THA) were conducted under a various analysis conditions. Response spectrum and seismic design procedure have followed
1S019901-2 code. In case of THA, The response spectrum were converted into artificial earthquake history and both of Explicit and
Implicit solvers were used to examine the characteristics of seismic analysis. For the verification, Various seismic analysis methods
were applied on a single degree of freedom beam model and a simplified model of the actual manifold. The difference between the
results of RSA and THA on the simplified manyfold model evaluated for the analysis of the actual manifold. Because THA is
impossible in case of real complex structure such as a manifold, Safety of the actual manifold structure was accessed by using the
RSA and the difference between the results of RSA and THA from the simplified model.

Keywords - offshore subsea structure manifold, seismic analysis, RSA(response spectrum analysis), time history
analysis, explicit analysis, implicit analysis, artificial earthquake history
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Fig. 3 A various seismic analysis methods applied in
this study
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Fig. 8 Dimension and properties for single DOF beam
model
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Table 1 The results for single DOF beam model as a various seismic analyses at top displacement, reaction force,
bottom stress and the stress difference compared with analytic stress

Fig. 9 3D CAD Model of actual offshore subsea
manifold structure
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Table 2 The properties and allowable stress for
subsea manifold(MPa)

Respose spe.ctrum Time history analysis
Analvtic analysis
input na y Spectrum Displacement Acceleration
solution olicit xolicit
solve ABS | 0QC | Bxplicit | Imelicit | . T2 R HE=0) Implicit
Displacement (mm) 1.18 1.18 1.18 - - 0.90~-1.42 0.70~-1.22 0.88~-1.32
Reaction force(N) 368 370 369 461~-605 | 315~-356 289~-445 218~-383 272~-414
Stress(MPa) 17.67 17.27 | 17.26 20.84 16.30 20.24 17.40 18.87
Difference with - -2.3% +17.9% | -71.8% +14.5% -1.5% +6.8%
analytic stress
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Fig. 10 Simplified 3D model of manifold structure
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Fig. 11 Boundary condition of simplified manifold
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Table 3 Result of modal analysis for simple model

Mode Natural Z—direction Mass
Frequency(Hz) Participation(%)
1 5.319 29.64
7 7.771 6.94
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44 24.594 9.45
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Fig. 14 Critical position of manifold structure

Table 4 Stress result of simple model analysis(MPa)

Respose spectrum Time history analysis

analysis (average of 7 data)

Input Spectrum Acceleration
Solve| ABS CQC | Explicit | Implicit | Explicit | Implicit
1 62.52 31.55 33.35 | 32.43 | 33.02 | 32.68

64.96 | 41.17 | 33.38 | 35.73 | 35.57 | 34.34

Displacement

66.85 | 30.43 | 25.40 | 25.33 | 29.36 | 26.23

= o

56.36 | 30.00 | 36.01 | 37.48 | 37.08 | 36.80
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Fig. 15 RSA(CQC) result of simplified manifold

Table 5 The stress difference compared with CQC

Respose spectrum Time history analysis

analysis (average of 7 data)
Input Spectrum Acceleration Displacement
Explicit | Implicit | Explicit | Implicit
Solve|  ABS/CQC | Do | e | /cqe | Joqc
1 98% 6% 3% 5% 4%
2 58% -19% | -13% | -14% | -17%
3 120% -17% | -17% -4% -14%
4 88% 20% 25% 24% 23%
Max 120% 20% 25% 24% 23%
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Fig. 16 Finite element model of actual maifold
structure

Fig. 17 Boundary condition of actual Maifold structure
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Table 6 Results of RSA by real analysis and THA by
prediction(MPa)

RSA THA
Position Predicted by max.
ABS CQe difference 25%
1 89.87 61.37 76.71
2 157.16 117.46 146.83
3 87.78 29.58 36.98
4 124.5 65.52 81.90
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Table 7 Coefficient and section property

D t A Ly

Section Ca | Cd (mm) | (mm) | (mm?) (mm?)

D
éix 1 1.1 | 273 | 25.5 | 58.53E3 | 153.43E6

v

1.5 | 2.2 | 300 | 10.0 | 90.00E3 | 162.79E6
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