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Comprehensive Failure Model of Yield Line and Punching Shear for

Rectangular Steel Tube Joint
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Abstract: Based on the yield line and punching shear model, the application scope of the width
ratio B of branch member to chord member was theoretically analyzed when the two failure modes
of the rectangular tube-tube joint and the plate-tube joint happened. The rationality of application
scope of the width ratio of branch member to chord member proposed in CIDECT specification
was discussed. On the basis, reasonably considering the change of stiffness along branch
perimeter, the regions where yield line and punching shear probably occurred were studied, and
the bearing capacity calculation method of the comprehensive failure model of yield line and
punching shear was proposed. The calculated results of the proposed formula were compared with
the experimental results and the calculation formula of CIDECT specification. The results show
that the calculated results are in good agreement with the test results. When g<C0. 85, the
formula of CIDECT underestimates the bearing capacity of joint, and when 0. 85<{<C1—1/y (2y
is the width to thickness ratio of chord member ), the formula of CIDECT overestimates the
bearing capacity of joint.

Key words: rectangular steel tube joint; yield line model; punching shear model; failure mode;

width ratio of branch member to chord member; application scope; bearing capacity of joint
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Fig.1 Yield Line Model of Rectangular Steel Tube Joint
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Fig.2 Different Yield Line Models
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Fig.3 Punching Shear Model of Rectangular
Steel Tube Joint
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Fig. 4 Comparison Between Bearing Capacity Calculated by
Yield Line Model and Punching Shear Model for

Rectangular Tube-tube Joint
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Tab.1 Test Data of Rectangular Tube-tube Joint when Branch Is Under Uniaxial Load
ey X
W 5 , B " 2y Foo | NN | gk I
ho/mm by /mm to/mm h1/mm b1 /mm t;/mm

1 102 102.0 9.50 51.0 51.0 4. 90 0.50 0.50 10.7 421 410
2 102 102.0 6. 30 51.0 51.0 4.90 0. 50 0. 50 16.2 412 137
3 102 102.0 4. 00 51.0 51.0 4.90 0. 50 0. 50 25.5 417 63
4 127 127.0 7.90 102.0 102. 0 6. 40 0. 80 0. 80 6.1 404 563
5 127 127.0 7.90 102.0 102.0 6. 40 0. 80 0. 80 6.1 342 539
6 150 150.0 6.00 125.0 125.0 6.00 0.83 0.83 5.0 366 353
7 150 150.0 6.00 125.0 125.0 6.00 0.83 0.83 5.0 328 332
8 200 200. 0 6.00 178.0 178.0 12.70 0.89 0.89 33.3 368 514
9 127 127.0 3. 00 102.0 102. 0 6. 40 0. 80 0. 80 42.3 382 88
10 127 127.0 3.00 51.0 102.0 6. 40 0. 80 0.40 42.3 382 76
11 127 127.0 3. 00 152.0 102. 0 6.40 0. 80 1.20 42.3 382 111
12 127 127.0 3. 00 203.0 102. 0 6.40 0. 80 1. 60 42.3 382 148
13 203 203.0 4. 80 178.0 178.0 12.70 0.88 0. 88 42.3 348 270
14 150 150. 0 6. 00 100. 0 100. 0 6.00 0.67 0.67 25.0 366 195

15 200 200.0 6. 00 150.0 150. 0 6.00 0.75 0.75 33.3 368 255 SCHRES]
16 250 250.0 6.00 200.0 200.0 9.00 0. 80 0. 80 41.7 400 297
17 150 250.0 9. 00 178.0 178.0 12.07 0.71 0.71 27.8 387 569
18 150 150.0 6. 00 75.0 75.0 3.20 0. 50 0. 50 25.0 366 112
19 200 200.0 6. 00 125.0 125.0 6.00 0.63 0.63 33.3 368 158
20 178 229.0 4. 60 102.0 102. 0 6.40 0.45 0.45 49. 8 375 59
21 254 254.0 9. 50 127.0 127.0 6. 40 0. 50 0. 50 26.7 380 305
22 127 127.0 7.90 102.0 102. 0 4. 80 0. 80 0. 80 16.1 404 544
23 150 150.0 6. 00 127.0 127.0 6.40 0. 85 0. 85 25.0 366 430
24 250 250.0 6.00 75.0 75.0 2. 30 0. 30 0. 30 41.7 400 83
25 150 150.0 6.00 75.0 75.0 2. 30 0.50 0. 50 25.0 366 97
26 150 150.0 6.00 102.0 102.0 3. 20 0.68 0.68 25.0 366 193
27 350 350.0 12.00 102. 0 102. 0 2. 40 0.30 0.30 29.2 264 216
28 254 254.0 9.50 127.0 127.0 3.00 0.50 0.50 26.7 380 264
29 150 150.0 6.00 127.0 127.0 3.00 0.85 0.85 25.0 366 316
30 100 199.1 7.85 40. 3 39.8 1. 99 0.19 0. 20 25.4 288 111
31 100 199.1 7.84 39.7 60. 1 1. 97 0. 30 0. 20 25.4 288 119
32 100 199.0 7.84 79.4 99. 8 1.98 0. 50 0. 40 25.4 288 113
33 100 199.1 7.72 80. 8 120. 6 1.99 0.61 0.41 25.8 288 224
34 100 199. 3 7.72 39.2 118.7 3.88 0.60 0. 20 25.8 288 174
35 100 199. 3 7.69 80. 4 159. 2 3.90 0. 80 0. 40 25.9 288 363

36 100 199. 2 7. 80 79.8 181.0 3.90 0.91 0. 40 25.5 288 505 SCHkE6]
37 100 199. 2 7.86 122.0 159.4 3.90 0. 80 0. 60 25.3 288 448
38 100 199. 2 7.69 122.2 180. 5 3.90 0.91 0. 60 25.9 288 642
39 100 199.0 7.76 159. 3 159. 6 3.96 0. 80 0. 80 25.6 288 491
40 100 199. 7. 80 81.0 158. 8 5.99 0. 80 0. 40 25.5 288 392
41 100 198. 8 7. 80 79.5 178. 7 6. 30 0. 90 0. 40 25.5 288 630
42 100 199. 2 7.84 119.7 179.7 6.02 0. 90 0. 60 25.4 288 776
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Fig.8 Comparisons Between Calculated

Results and Experimental Results
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Proposed Formula and CIDECT Formula
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