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Summary 

 
 Nowadays, the pipe arrangement has been enabled to be more efficient and economical by development and spread of 
CAD(Computer-Aided Design). However, it is difficult to design a piping layout automatically because there are many regulations 
and functional design rules which must be satisfied. We propose an automatic routing method for simple pipes including elbows and 
bends. In a practical design of a piping layout, there are many bends connecting straight eccentric pipes which have gaps within the 
pipes’ diameter. However, no precedence automatic piping algorithm has been taken into account pipelines with such bends. The 
proposed method finds piping routes making use of not only elbows but the bends in order to minimize costs of the path connecting 
start point to goal point, while avoiding obstacles such as structures, equipments and the other circuits. In our approach, we regard 
the piping route design problem as a routing problem in a directed and weighted graph. Note that the nodes in the proposed graph 
have state variables not only locations but directions of the pipes. This graph can easily express the bends as simple edges, and then 
the routing algorithm can easily handle the bends. In addition, the presented method has specifications that the sizes of each cell, 
which is generated by decomposing of a free space, are not restricted within the diameter of the pipe. The routing algorithm uses 
Dijkstra’s method to provide candidate paths. The efficiency of the proposed method is demonstrated through several experiments 
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Fig.1 An example of a pipe route with only elbows 

 

 

Fig.2 An example of a pipe route with a bend 
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Fig.3 A grid partioning network model in case of 

straight and elbows 
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Fig.4 A bend part composed of three primitives 
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Fig.5 A grid partitioning network model in case of bends 
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Table 1 Features of obtained solutions with 0.25(m) meshes of x, y, and z direction 

 
Diameter 

[m] 
Num. of 
Nodes 

Num. of 
Elbows 

Num. of 
Bends 

Total Costs Time  [s] 

Without 
Consideration 

of Bends 

0.2 43070 9  17.9 1260 

0.3 37766 9 19.4 306 

0.4 35441 9 19.9 298 

0.5 35441 9 19.9 288 

0.6 19007 8 22.3 68 

0.7 17237 9 22.4 53 

0.8 17010 9 22.4 50 

0.9 15446 15 27.5 44 

With 
Consideration 

of Bends 

0.2 43070 9 0 17.9 1285 

0.3 37878 7 1 19 447 

0.4 35467 7 1 19.5 387 

0.5 35408 8 1 19.6 373 

0.6 18997 7 1 21.5 80 

0.7 17397 9 0 22.4 68 

0.8 17192 9 0 22.4 63 

0.9 15171 14 1 26.7 45 

 

 

 

Fig.6 An obtained route with 0.2(m) diameter of the pipe 

 

 

Fig.7 An obtained route with 0.3(m) diameter of the pipe 

 

 

Fig.8 An obtained route with 0.4(m) diameter of the pipe 

 

 

Fig.9 An obtained route with 0.5(m) diameter of the pipe 
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Fig.10 An obtained route with 0.6(m) diameter of the pipe 

 

 

Fig.11 An obtained route with 0.7(m) diameter of the pipe 

 

 

Fig.12 An obtained route with 0.8(m) diameter of the pipe 

 

Fig.13 An obtained route with 0.9(m) diameter of the pipe 
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Table 2 Features of obtained solutions with 0.5(m) meshes  

of  x axis, 0.25(m)meshes of y and z direction 

Diameter 
[m] 

Num. of 
Elbows 

Num. of 
Bends 

Total 
Costs 

Time  
[s] 

0.2 9 0 17.9 213 
0.3 7 1 19.0 146 
0.4 7 1 19.5 126 
0.5 8 1 19.6 126 
0.6 7 1 21.5 24 
0.7 9 0 22.4 23 
0.8 9 0 22.4 22 
0.9 14 1 26.7 12 
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Table 3 Features of obtained solutions with and without  

pipe-rack area 
 Diameter 

[m] 
Num. of 
Elbows 

Total 
Length [m] 

Total 
Costs

Without 
pipe-rack 

0.6 4 3.25 7.25 

With 
pipe-rack 

0.6 4 5.25 5.2 

 
Fig.14 An obtained pipeline without pipe-rack area 

 

 
Fig.15 An obtained pipeline with pipe-rack area 
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Fig.16 An obtained self interfered route  
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