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Abstract

In view of the welding defects of welded hollow ball joints in steel structure design and construc-
tion, this paper intends to use finite element analysis soft ABAQUS to simulate and analyze the ef-
fect of the wall thickness of hollow spheres and the diameter of steel pipe diameter without de-
fects on welded hollow ball joints, and the effect of stress concentration at the toe and the influ-
ence of the undercut on the stress concentration of the welded hollow ball joints. The results show
that with the increase of the undercut and sharpness of the steel pipe, the stress concentration
factor at the weld toe of the steel pipe increases remarkably, which leads to the fatigue damage at
the weld toe of the steel pipe. Therefore, the undercut at the weld toe of the steel pipe should be
paid enough attention. A general formula for the stress concentration factor of the undercut at the
weld toe of the steel tube is fitted.
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Table 1. Non-defective steel pipe weld toe stress concentration analysis table

1. TRFENERIN NEF IR

R BRI S dit D/T SCF
D/mm T/mm d/mm t/mm

1 350 10 152 5.5 27.6364 35 1.70665
2 380 10 152 5.5 27.6364 38 1.74942
3 400 10 152 5.5 27.6364 40 1.78048
4 420 10 152 5.5 27.6364 42 1.81366
5 450 10 152 5.5 27.6364 45 1.86294
6 400 8 152 5.5 27.6364 50 1.91307
7 400 9 152 5.5 27.6364 44.4444 1.84225
8 400 11 152 5.5 27.6364 36.3636 1.7277
9 400 13 152 5.5 27.6364 30.7692 1.6421

10 400 14 152 5.5 27.6364 28.5714 1.60775
11 400 10 135 5.5 24.5455 40 1.81022
12 400 10 145 5.5 26.3636 40 1.79037
13 400 10 160 5.5 29.091 40 1.7735

14 400 10 170 5.5 30.9091 40 1.76921
15 400 10 152 5 30.4 40 1.76247
16 400 10 152 6 25.3333 40 1.79598
17 400 10 152 7 21.7143 40 1.8568

18 400 10 152 8 19 40 1.91198

WEIA DL BROE T R R 1 s « A SCRI A IRIT 7 Bk it ABAQUS X454 O BR Y 1
FEAE . T SIF 5 ) BB 5T I TR A AR R R B MR LR . 57 2 AR A A Ay
HADRARTE, B PR, PRI TN L T A O ER G OGN E E R T LR, 15
5 15 BERF RN % 16 5] 1 ) R0 oA ok o (B B L E 2 0 3 B P9 A, JLBME AR E = 2.06 x 10° N/mm?’,
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R B AR S X I3t 5 A% ) 703 24 T80T DA/ A, AR R SRR AR RA%, RA% K/ 0.5 mm (14
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Figure 1. (a) Pipe connection node; (b) Undercut defect diagram
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Figure 2. (a) Local mesh encryption diagram; (b) Local mesh encryption diagram
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Figure 3. D influence curve on SCF
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Figure 4. Effect curve of 7 on SCF
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Figure 5. d influence curve on SCF
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Figure 6. ¢ influence curve on SCF
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Figure 7. Influence curve of D/T on SCF
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Figure 8. d/t effect curve on SCF
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Table 2. Analysis of the influence of the length of undercut on the stress concentration of steel pipe weld toe

= 2. RIKE X RE RN A& PRI iR

T AR E h/mm W32 % BE w/mm WA Vmm SCF

YB-1 0.6 2.5 100 2.234

YB-2 0.6 2.5 200 2.2334

YB-3 0.6 2.5 300 2.233

YB-4 0.6 2.5 400 2.2323

YB-5 0.6 2.5 477.28 2.231
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Figure 9. (a) YB-5 overall stress cloud; (b) YB-5 detail stress cloud map
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Figure 10. w influence curve on SCF
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Table 3. Analysis of the influence of undercut width on stress concentration of steel pipe weld toe

3. RIATEEXRE RN NE PR DR

Frs W)Y h/mm Wi %6 )% wimm WK E V/mm SCF

YB-5 0.6 2.5 477.28 2.231

YB-6 0.6 3 477.28 2222
YB-7 0.6 35 477.28 2.197
YB-8 0.6 4 477.28 2.184
YB-9 0.6 45 477.28 2.158
YB-10 0.6 5 477.28 2.125
YB-11 0.6 5.5 477.28 2.101

YB-12 0.6 6 477.28 2.0554
YB-13 0.6 7 477.28 1.9852
YB-14 0.6 8 477.28 1.9245
YB-15 0.6 9 477.28 1.8977

SCF =-0.0564w+2.3959
R* =0.985

3) WL BE KB EXT R4 I R
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u IR ZERX, WF:

SCF 5 h X #&:

(11)
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SCF 5 u K %:

h

SCF =—0.52581¢ 042658 42 35941 (12)
R? =0.9655

_h
SCF =-0.52581¢ 017063 1+ 2.35941 (13)
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Table 4. Analysis of the influence of undercut depth and sharpness on stress concentration of steel pipe weld toe

4. RINRERSREXINE RN NP R HR

s WIAERE h/mm WEi %5 . w/mm A I/mm WA p SCF
YB-5 0.6 2.5 47728 0.24 2231
YB-16 0.1 2.5 47728 0.04 2.01
YB-17 02 2.5 47728 0.08 2.0445
YB-18 0.3 2.5 47728 0.12 2.097
YB-19 0.4 2.5 47728 0.16 2.152
YB-20 0.5 2.5 47728 02 22
YB-21 0.7 2.5 47728 0.28 2254
YB-22 0.8 2.5 47728 032 2272
YB-23 0.9 2.5 47728 0.36 2279
YB-24 1 2.5 47728 0.4 2285
YB-25 1.1 2.5 47728 0.44 2292
YB-26 1.3 2.5 47728 0.52 2.3202
YB-27 1.5 2.5 47728 0.6 2.3452
YB-28 1.8 2.5 47728 0.72 2.3744
YB-29 2 2.5 47728 0.8 2.3945
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Figure 11. / influence curve of SCF
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