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Study on Support Span Optimization of
Pipeline System Considering Seismic Load
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{Abstract)

In this study, the optimal support span determination of pipeline system was carried
out in consideration of the effects of seismic loads. The theoretical support and
structural analysis were used to determine the optimal support span of piping system
according to pipe diameter using theoretical and structural deflection criteria. The
reliability of the analysis results was secured by comparing the structural and
theoretical results. In particular, the optimum support span of piping system was
obtained by considering the effects of seismic load, and the optimal support span of
pipe diameter and piping system tended to be proportional to each other.

When considering the effects of earthquakes on different pipe diameters(300~
2,500mm), the span length is reduced by up to 48% at the allowable stress criterion,
and the pipe span length is reduced by up to 5.9% at the deflection criterion. It can
be seen that the effect of the seismic load on the determination of the piping span
length has a greater effect on the stress than the displacement.
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Fig. 1 Modeling of pipeline system
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Table 1. Theory analysis result without seismic load

. . Pipe span(m)
Pipe Pipe
diameter | thickness Under Under
(mm) (mm) allowable allowable
stress deflection
350 6 30.006 16.5426
500 6 31.056 19.8219
1000 8 36.1598 28.0879
2000 15 49.411 39.7326
2500 18 54.0271 44.4291
o]7]A,

., - Deflection at mid span(mm)

E : Elastic modulus(MPa)

w, : Unit weight of the pipe without
contents (N/m)

7 Pipe moment of inertia(mm®)
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Table 2. Acceleration vs. earthquake coefficient

Magnitude
(Richter scale)

Max. acceleration | 0.2g | 0.25g | 0.3g | 0.4g | 0.5g

C(earthquake
coefficient)

65| 67 | 707580

0.35] 0.4 |0.47]0.58 | 0.7
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Table 3. Pipe span due to earthquake coefficient
(based on allowable stress)

) ) Pipe span(m)
Pipe Pipe

diameter | thickness | Without Earthquake Earthquake
(mm) (mm) sihae magnitude | magnitude

6.5 7.0

350 6 30.006 28.532 27.343
500 6 31.056 29.653 28.417
1000 8 36.1598 | 34.795 33.344
2000 15 49.411 47.626 45.641
2500 18 54.0271 52.136 49.963

Table 4. Pipe span due to earthquake coefficient
(based on allowable deflection)

. Pipe span(m)

Fpz Thickness

et Without Earthquake Earthquake
(mm) (mm) magnitude | magnitude
mm earthquake

6.5 7.0

350 6 16.5426 15.587 15.523
500 6 19.8219 18.67 18.553
1000 8 28.0879 26.461 26.449
2000 15 39.7326 37.426 37.404
2500 18 44.4291 41.842 41.781
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Fig. 4 Structural analysis result for pipe diameter
(based on stress)
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Table 5. Structural analysis results(based on stress)
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Pipe diameter thiifneess — Def. (wli)t;nzz d Stress Error

(mm) (mm) (mm) Vesfiid) (MPa) %)

350 6 30.006 137.52 21698 236.84 5.264

500 6 31.056 76.527 27946 238.21 4.716

1000 8 36.1598 34.88 38362 250.8 0.32
2000 15 49.411 30.375 40445 253.03 1.212
2500 18 54.0271 27.77 41834 241.71 3.316

Table 6. Structural analysis results(based on deflection)

(mm) () ) ratio(%) Theory Analysis (mm) ratio )
350 6 16.54 36.89 91.25 89.95 5.03 0.36 1.42
500 6 19.82 48.64 120.75 119.99 5.142 0.48 0.63
1000 8 28.09 68.27 169.5 174.59 5.3835 0.70 3.00
2000 15 39.73 72.20 179.25 173.57 5.8773 0.69 3.17
2500 18 44.43 74.82 186 185.13 6.0808 0.74 0.48
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Fig. 6 Structural analysis result for 350mm pipe
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Fig. 7 Structural analysis result for 350mm pipe
(based on deflection)
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