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Abstract: Oil and gas pipeline construction persists throughout China on national and regional lev-
els. Because many barriers are encountered such as rivers, lakes, mountains, canyons, other con-
struction, and unstable strata, access through and across these barriers are important in oil pipe-
line engineering design. Thus, construction reliability, safety, and economic impact have been
studied. In cross projects, truss-type river-crossing pipe rack is a common form of medium-sized
cross-projects because it has a simple structure, is light weight, and provides a convenient way to
repair pipelines with ample space. The structure design optimization and seismic reliability analy-
sis of truss-type river-crossing pipe racks are related to the overall performance and safe operation
of pipeline structures. In this study, two scenarios of rectangular and inverted triangle truss
structures were respectively optimized by using ANSYS parameter design language and a design
optimization module, and the optimization results were analyzed to determine the most optimal
solution. By simulating the structure’s earthquake response, seismic performance analysis was
conducted, and the structure of anti-seismic reliability was obtained through reliability analysis
for optimal structure design.

The optimization results show that the height of the truss increases in the optimization
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process; however, the width is reduced. In addition, the diameter of pole gradually decreases in
the process. The total weight of the structure rapidly reduces with rod cross—section reduction;
reduction is rapid in the first three optimization cycles and slows from 54 tons to 25 tons after 10
optimization cycles to maintain a weight of 18. 532 t. The analysis of internal force and largest
structural displacement show that the structures make full use of material mechanics capability
and that the appropriate increase in structural height and decrease in structural width are favora-
ble to the structure. Optimization results show that the two types of structure forms show the
same change trends in the optimization. The inversion triangle form has a more simple structure,
fewer section species, and a more simple connect node construction than those of the rectangle
form. Moreover, the inversion triangle form has weight reduction of 36% over the rectangle
form; therefore, the cost of material and construction is less, and mechanics capability is more ef-
fective.

Response spectrum and time history analyses reveal that earthquake activity in the horizontal
direction results in stronger activity on the river-crossing pipe rack than that in the vertical direc-
tion because the width of the truss decreases in the optimization to increase vertical stiffness.

Reliability analysis shows that the reliability of the structure is 99%. Failure probability of
the structure maintains the probability permission bound of construction design. Therefore, the
entire structure retains the guarantee probability of 99%. That is, the structure is safe and relia-
ble under the earthquake activity and load.

This study provides particular methods of using the ANSYS program for design optimization
and seismic reliability analysis, which are helpful for maintaining construction expenses and oper-
ation safety.
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Table 1 Inverted triangular truss structure optimization results

D1/mm D2/mm D3/mm D4/mm D5/mm B/mm H/mm WT/t

385 385 216 216 216 6 000 6 000 54, 236
339.76 101.72 67.33 51 50 3858. 8 7830. 1 18.532
350 110 70 55 55 3850 7850 19. 56
) ’ ) ;@
8 8.4 m , 64 %,
’ o b o
. , 15 2

Table 2 Comparison structural optimization design results
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Fig. 3 The first four orders in vibration models of

the structure.
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Table 3 Linear correlation coefficients between input and output parameters
B H D1 D3 D4 D5 FY
DMAX 0.041 —0.311 —0.175 —0. 882 —0.129 —0.109 0.034
SMAX —0.072 —0.085 0. 057 0.996 0.078 0.061 0.013
VTOT 0.033 0.171 0.167 0.902 0.162 0.161 0.043
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Table 4 Results of Reliability Calculation for the structure ;
>DMAX >SMAX >VTOT s
/% 0.6144 0. 6568 0. 5849
/% 99.3856 99. 3432 99. 4151 °
b b
. 99 %
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