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Bolt-Up Finite Element Simulations of Pipe Flange Connections
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Star pattern sequence

10 inch
1>9>5>13>
3>11>7>15>
2>10>6>14>
4>12>8>16

1>13> 7>19> 4>16>
10>22> 2>14> 8>20>
5>17>11>23> 3>15>
9>21> 6>18>12>24

Fig. 1 Bolt number corresponding clockwise pattern se-
quence, and star pattern sequence

Table 1 Tightening bolt loads : F}/F;

bolt 1 1.075 | 0.929 1.021 | 0.983 1.037 | 1.091 | 0.945

bolt 2 1.047 | 0.906 1.053 | 0.964 | 0.958 1.016 | 0.996

bolt 3 0.908 1.017 1.097 1.062 1.074 | 0.997 | 0.902

bolt 4 1.085 1.086 1.069 1.068 1.006 | 0.914 | 0.945

bolt 5 0.967 1.090 1.027 1.076 1.090 | 0.920 1.012

bolt 6 0.918 1.098 1.055 1.091 0.911 1.013 1.055

bolt 7 0.975 1.066 1.058 | 0.924 | 1.053 | 0.936 1.061

bolt 8 0.976 | 0.960 | 0.965 1.004 1.051 1.066 | 0.950

bolt 9 1.096 | 0.968 | 0.960 | 0.914 1.086 1.008 | 0.959

bolt 10 0.971 | 0.975 [ 0.932 | 0.947 | 0.968 | 0.902 | 0.970

bolt 11 1.014 | 0.975 1.055 1.039 | 0.909 1.067 | 1.079

bolt 12 0.995 1.045 | 0.931 | 0.904 | 0.925 1.052 1.069

bolt 13 0.935 1.046 1.096 | 0.960 | 0.995 1.081 1.026

bolt 14 1.038 | 0.916 1.045 | 0.971 1.086 | 0.994 | 0.935

bolt 15 1.011 | 0.903 | 0.952 1.041 1.060 1.037 | 0.966

bolt 16 1.001 | 0.995 | 0.989 1.030 | 1.082 | 0.960 | 0.984

bolt 17 1.084 | 0.932 | 0.965 | 0.939 1.003 1.049 1.049

bolt 18 0.942 | 0.956 | 0.917 | 0.949 [ 0.985 | 0.945 1.053

bolt 19 1.082 1.048 1.022 | 0.993 | 0.948 | 0.974 | 0.964

bolt 20 0.962 1.057 | 0.972 1.004 | 0.913 | 0.960 | 0.946

bolt 21 1.087 | 1.016 1.074 | 0.979 | 0.954 1.035 | 0.933

bolt 22 1.086 | 0.943 | 0.997 | 1.078 | 0.993 | 0.967 | 0.983

bolt 23 0.974 1.063 1.040 1.083 1.020 | 0.919 | 0.945

bolt 24 1.077 | 0.927 | 0.945 | 0.948 | 0.975 | 0.995 | 0.934
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Fig. 2 Variations of mean bolt preload at the end of each

pass
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Fig. 3 Variations of bolt load scatter at the end of each
pass
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Fig. 4 Variations of bolt load scatter at the end of each

pass
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Fig. 5 Variations of bolt loads at the end of each pass
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Fig. 6 Variations of bolt load scatter at the end of each
pass
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