














 

 

（a）BG1 （b）BG2 

 

 

（c）BG3 （d）MG1 

Fig. 8. FEA results of relative axial force-deformation of each tube 

Stress analysis of MG1: 

It can be seen form the forces-displacement curve of MG1 in the main pipe that :(1) the 

sections of branch pipes BG1, BG2 and BG3 are relatively small and subject to large 

external forces, so their deformation is relatively large; the section of MG1 in the main pipe 

is large and the external load under working conditions is relatively small, so the axial 

deformation value of the main pipe is relatively small; (2) in the test, the compressive 

deformation of the main pipe of j1-1a and j1-3a nodes firstly increases and then decreases 

with the increase of external load; The deformation of j1-2a joint shows a negative 

increasing trend with the increase of load, that is, with the gradual increase of the upper 

pressure of the main pipe, the length of the main pipe increases gradually instead of 

decreasing due to the presence of pressure. Therefore, for the node without stiffener, the 

main pipe MG1 stiffness is small, of which the cross-section will produce large concave 

and convex deformation because of the external load from the branch pipe when the load is 

bigger, which will produce larger impact on the axial deformation of competent MG1. The 

axial deformation of MG1 is decided by the impact of branch and external load, and the 

effect of branch pipe is bigger. (3) For nodes with stiffeners, the axial deformation of MG1 

in the main pipe increases with the increase of external load, that is, the axial deformation 

of MG1 in the main pipe is mainly determined by the external direct load. Therefore, the 

setting of the stiffener can control the concave and convex deformation and axial 

deformation of the main pipe MG1,at the same time, reduce the influence of the branch 

pipe, coordinate the deformation of main pipe, effectively improve the axial stress patterns 

of main pipe, reduce the effects of the branch pipe stress brought by the internal 

transfer.(4)For the joints with three stiffeners and five stiffeners , the deformation of the 

main pipe is similar under other same conditions. 
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Table 4. Contrast of force-deformation of each tubes 

Pipe Load J1-1a J1-1b J1-1c J1-2a J1-2b J1-2c 

BG1 

Standard condition 7.93 2.82 2.79 - 4.85 4.67 

Yield load 5.445 3.51 4.23 8.00 8.16 7.69 

Ultimate load 13.33 8.63 8.14 11.83 13.07 11.89 

BG2 

Standard condition 4.27 2.08 2.10 - 3.74 3.64 

Yield load 6.08 2.59 3.20 6.08 6.25 6.00 

Ultimate load 10.00 6.35 6.08 8.00 9.62 9.18 

BG3 

Standard condition 3.65 1.81 1.86 - 2.52 2.48 

Yield load 5.25 2.24 2.84 4.68 4.22 4.15 

Ultimate load 8.69 5.51 5.27 6.78 6.68 6.55 

MG1 

Standard condition 0.08 0.16 0.17 - 0.17 0.17 

Yield load 0.06 0.18 0.22 -0.01 0.25 0.26 

Ultimate load 0.00 0.27 0.27 -0.02 0.33 0.31 

 

Stress and strain analysis of main pipe and stiffener 

The maximum stress and equivalent plastic strain value (PEEQ value) of the six joints of 

two groups and the stiffeners were extracted from the finite element calculation results for 

stress analysis. It can be seen from the finite element analysis that the maximum stress and 

strain at the main pipe are located in the middle of the main pipe, while the maximum stress 

and strain at the stiffener appear at the outer ring of the measuring point in the middle of the 

main pipe. 

 It can be seen from the figure that :(1) the plastic development of the main pipe is delayed 

after the stiffening rib is set, and the maximum stress of the joint under the same working 

condition and ultimate bearing capacity is reduced;(2) for nodes with stiffeners, the 

maximum stress and strain of stiffeners are generally higher than the maximum stress and 

strain of the main pipe under the same working condition, the maximum stress of the 

stiffeners is 10% higher than the maximum stress of the main pipe under the same working 

condition, and the plasticity of the stiffeners appears earlier than the plasticity of the main 

pipe. 

 Therefore, it can be seen that the setting of stiffener increases the stiffness of the main 

pipe, which can effectively reduce the stress level at the main pipe of the node and improve 

the bearing capacity of the node. At the same time, the stress and the strain of the stiffener 

is greater than the main pipe, it can be seen from the analysis of the stress and strain of 

stiffener situation that :stiffener not only can increase the stiffness of the main pipe, but 

improve the node overall stability with external loads ,which acts as a first line of defense. 

When the plastic energy dissipation began to appear in the stiffener, the main pipe plastic 

appears later, which protects the main structure. It can be seen from the data in the table4-3, 

when nodes ultimate bearing capacity is reached, the relative plastic strain of stiffener is 

bigger and the plastic strain development of the main pipe is relatively small, which shows 

that the stiffener has been great destroyed can no longer continue to bear the external loads, 

however the main pipe still has a certain bearing capacity.  
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（a）J1-1a （b）J1-1b （c）J1-1c 

   

（d）J1-2a （e）J1-2b （f）J1-2c 

Fig. 9. Stress contrast of the joints 

 

  

（a）J1-1a （b）J1-1b （c）J1-1c 

（d）J1-2a （e）J1-2b （f）J1-2c 

Fig. 10. PEEQ contrast of the joints 

Table 5. Comparison of maximum stress and PEEQ on the main tube and stiffening rib 

Specimen number J1-1a J1-1b J1-1c J1-2a J1-2b J1-2c 

Maximum stress of main pipe 364.8 352.2 351.5 548.6 505.6 485.2 

Maximum stress of stiffener  397.6 392  556.2 528.5 

Difference value  11.42% 10.33%  9.10% 8.19% 

Maximum PEEQ of main pipe 0.0192 0.0097 0.0082 0.0482 0.0271 0.0177 

Maximum PEEQ of stiffener  0.0380 0.0336  0.0426 0.0303 

Difference value  74.57% 75.44%  36.50% 41.56% 

  

 Stress and strain analysis at branch pipe  
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The maximum stress and equivalent plastic strain (PEEQ) of the six joints of the two 

groups were extracted from the finite element calculation results for stress analysis. By 

observing, It can be found from the stress cloud diagram and PEEQ cloud diagram of 

branch pipes at nodes that: 

（1）For nodes J1-1a and J1-1b, during the whole loading process, the maximum stress 

and PEEQ value at the branch pipe are located at the junction of branch pipe BG1 and 

MG1; The stress and PEEQ value of J1-1a node are always close to the maximum value of 

the main pipe, while the stress and PEEQ value of the branch pipe of J1-1b node during the 

whole loading process are both greater than the maximum value of the main pipe and 

smaller than the maximum value of the stiffener rib. 

（2）For joints J1-2a and J1-2b, the maximum stress at the branch pipe is located at the 

junction of branch pipe BG4 and main pipe at the initial loading stage. As the external load 

increases and plasticity begins to appear at various parts of the node, the maximum stress at 

the branch pipe transfers to the junction of branch pipe BG1 and main pipe MG1.During 

the whole loading process, the stress and PEEQ value at the main pipe of node J1-2a are 

always greater than the maximum value at the branch pipe, while the maximum stress and 

PEEQ value at the branch pipe of J1-2b are both greater than the maximum value at the 

main pipe and less than the maximum value at the stiffening rib. 

Therefore, it can be seen that :(1) the branch pipe and main pipe without stiffening rib 

appears plasticity earlier, while the branch pipe and main pipe with stiffening rib shows 

better mechanical performance. Therefore, the setting of stiffener can improve the 

mechanical performance of the branch pipe and main pipe and delay the appearance of 

plasticity;(2) For the joints without stiffening rib, the maximum stress at the main pipe is 

close to that at the branch pipe, so the joint failure is mainly manifested as the excessive 

deformation at the main pipe center and the tear at the junction between the main pipe and 

the branch pipe, which is consistent with the failure phenomenon in the test. (3) after the 

stiffener is set, the stress of the main pipe is improved and its stress level is reduced, while 

the maximum stress and strain value of the branch pipe is between the stiffening rib and the 

main pipe, so the failure sequence of the joints is: the failure of the stiffening rib -- the 

failure at the intersection of the main pipe and the branch pipe -- the failure at the center of 

the main pipe. The failure of a single component occurs before the overall failure of the 

node, which conforms to the structural design concept. (4) combined with the actual 

working condition, the internal force of  BG1 is the largest, at the early loading stage, the 

stress of the branch pipe is subjected to adjacent branch pipe to some certain extent, but 

with the increasing of load, the maximize stress and strain of the main pipe and the branch 

pipe are located in the junction of main pipe MG1 and branch pipe BG1. 

  

（a）Comparison of node stress （b）Comparison of node PEEQ 

Fig. 8. Stress contrast of the branch tubes 
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Table 6. Comparison of maximum stress and PEEQ of branch tubes 

Component number J1-1a J1-1b J1-1c J1-2a J1-2b J1-2c 

Maximum stress of branch pipe 375.5 363.4 360 518.8 521.9 495.7 

Difference value compared with main 

pipe 
2.93% 3.18% 2.42% -5.45% 3.22% 2.16% 

Difference value compared with 

stiffener 
 -8.60% -8.16%  -6.17% -6.21% 

Maximum PEEQ of branch pipe 0.0220 0.0136 0.0111 0.0278 0.0274 0.0159 

Difference value compared with main 

pipe 

14.71

% 
40.10% 35.02% 

-

42.27% 
1.26% 

-

10.05% 

Difference value compared with 

stiffener 
 -

64.38% 

-

66.84% 
 -

35.70% 

-

47.43% 

5 Conclusion 

(1) Plastic deformation failure of main pipe and deformation failure of welding joint of 

main branch pipe are the main failure modes of specimens with stiffener, and there was an 

obvious stress concentration area in the expansion direction of main pipe when the 

specimens made of Q460GJC steel were destroyed, which was consistent with the test 

results. The failure mode of specimen with stiffener is the joint failure combining the 

plastic failure of stiffener and the plastic failure at the connection of main branch pipe. 

(2) Since the stiffness of the specimens without setting stiffener, the destruction of the 

specimen occurs in the joint zone. The destruction of stiffeners will first appears in the 

internal stiffeners, and then in some branch pipes. The setting of stiffeners changes the 

failure mode of the specimens and effectively improves the stress situation of the main 

pipe. 

(3) Based on the comprehensive test result and finite element analysis of six specimens of 

two groups, it can be seen that the joints without stiffeners cannot meet the needs of the 

actual project, while the mechanical performance of Q460GJC steel joints has been 

effectively improved after the stiffeners are installed, which can meet the safety 

performance requirements of the structure and has a large safety reserve. At the same time, 

the joints with three stiffeners and five stiffeners have similar mechanical characteristics 

and bearing capacity. Considering the construction difficulty and economic benefits, it is 

advisable to set three stiffeners in practical projects. 
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