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Internal force distribution and its integral design analysis of tree-like structure
SONG Xing, YU Zehong, LIANG Yingjun

(School of Civil Engineering, Central South University, Changsha 410075, China)

Abstract: The influence that geometrical parameters of the tree-like structure joint have on the joint had been
analyzed to find the most reasonable range of these parameters. On this basis, the formula of bearing capacity of
the joint was obtained. The shape of the integral tree-like structure was designed through the inverse-hang
recursive method. The most reasonable relative size between the cantilevered length of the roof beam and the span
between tree-like columns were calculated while analyzing the influence which the change of this relative size had
on the internal force distribution, and the safety factor K in the formula of bearing capacity had been proposed by
verifying the force station of the joint. The mechanical characteristics of the integral tree-like structure and the
relative joint were verified again after designing the integral structure according to the suggested safety factor.
Results show that the safety factor of the formula of bearing capacity ought to be 4 for the structure based on the
inverse-hang recursive analysis and it needs to be equal to 5 for the cantilever-increased structure, while the safety
factor of the uppermost branch need supply 1, if the local stiffness on both sides of the tree-like column are equal.
The designed structure have better stiffness and it can be applied in practical engineering.

Key words: tree-like structure; design; bearing capacity; internal force distribution; safety factor

2016—04-13
(51178472 51678573)
(1966-) E-mail: yzh.edu@163.com



333

[1-2]
[3]
(4]
[5-71
(8]
1
1.1
1 (7]
0
y=d/D( p=d/é))
=0,/0 J d
d 1
12
G20Mn5
£=300 MPa E=2.02><10° N/mm’

=03

1

Fig. 1 Cast-steel joint in tree-like structure and its parameters
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Table 1 Bearing capacity computing result of Y-shape joint
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Table 2 Failure mode and its condition of the joint
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Fig. 2 Changing curve of bearing capacity as different geometrical parameters change
A=(23.69—27.64e" L9199 /1000 (3) 3
Table 3 Comparing result between fitting formula and
25 computing value of this paper
ANSYS /
0/
3 2 4 §/mm t y0(°) FKkN °
6 15 12 1 20 0.5 0.3 40 904.40 1009.34 10.39
) 2 20 0.5 0.5 50 970.68 795.25 -22.06
2 4 3 20 0.75 0.3 40 113230 1305.16 13.24
4 20 0.75 0.5 50 1231.12 1093.21 —12.62
6 15 2)
5 20 1 0.5 40 1770.07 185539 4.60
6 20 1 0.8 50 1633.25 1492.50 —9.43
7 30 0.5 0.3 40 1428.40 1510.72 5.45
) § 30 05 05 40 1931.73 210730 8.33
9 30 0.75 0.5 20 2089.72 223558 6.62
4) [8] 10 30 075 05 30 252511 2723.73 7.29
11 30  0.75 0.5 50 2047.02 2203.74 7.65
3 K K=3 12 30 0.75 0.5 40 2450.03 2609.57 6.11
X 13 30 1 0.5 40 2943.14 3102.03 5.12
KE, 1 f,67 = AQ.817+7.7567) x 14 30 1 08 40 325029 3198.56 —1.62
(10.977 —15.928¢ 70199 )~ 686(sin0)° +5.1445in 6+0.905 15 10 075 05 40 54173 49326 -9.82
16 40  0.75 0.5 40 3005.37 3091.26 2.78

(4)
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Table 4 Bifurcate angle between the upper and the lower
branch
0/(°)
-1 727-YIZ 1 43.51
YJZ-EJZ1 43.51
3 1 -2 YJZ-EJZ2 2 34.71
4 YIJZ-EJZ3 19.27
EJZ1-SJZ1 3 51.29
EJZ2-S172 46.89
Q345B EJZ2-S1Z3 ) 23.46
2.1>¢10° N/mm” 0.3 ’ - EIZ3-S1Z4 30.28
EJZ3-SJZ5 5 10.27
EJZ3-SJZ6 29.40
[9]
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Fig. 3 Shape of structure after form-finding

4

Fig. 4 Size of roof supported by tree-like structure
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Fig. 5 Changing curves about the ratio between F' and M with
the change of the length of cantilever
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Table 5 Value of L;and Ls
Lo L Ls @ Lo L Ls @
240 0 625%10%  Li=L,=0  PJ-24x<24 | 24 3 3 316x10"  Ly=L~3  PJ-30%<285
240 3 391107 Li=Ls~0  PJ-24><255 | 24 3 6  625<10%  Li=L,&~3  PJ-30>30
240 6 772%x10%  Li=Ls~0  PJ-24><27 |24 3 9  198<102  Li=L,3  PJ-30x<315
240 9 244x10%  L=Ls~0  PJ-24>285 | 24 3 12 81x10°  Li=Ls~3  PJ-30x33
24 15 0 1 Li=L,~1.5 PJ-27><255 | 24 45 3 1 Li=L~45  PJ-33%30
24 15 3 625%102  Li=L,~1.5  PJ27%<27 | 24 45 6  198<107  Li=L,~45 PJ-33x<315
2415 6 1.23%102  Li=L,~1.5  PJ-27%<285 | 24 45 9 625%<102  L=L,~4.5  PJ-33%<33
24 15 9 391x10°  Ly=Ls~15  PJ-27><30 | 24 45 12 256x<10°  Li=L,~4.5 PJ-33x<345
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Table 6 Size and the value of Von-Mises stress of the joint
1 2 5
K /mm / /mm / /mm /
(D/dld|s,) MPa (D/o/d|s,) MPa (D/o/d/dy) MPa
3 520/40/280/26 144 280/26/240/25 174 140/15/80/10 294
PJ-24>=<24 4 700/50/360/30 130 360/30/180/18 115 180/18/100/12 277
5 880/65/440/40 100 440/40/220/20 74.4 220/20/120/15 210
3 720/50/360/30 201 360/30/180/15 216 180/15/90/10 310
PJ-30><30 4 960/64/480/42 153 480/42/240/20 165 240/20/120/14 322
5 1200/80/600/50 76.1 600/50/300/25 923 300/25/150/16 289
3 860/60/440/40 162 440/40/220/20 259 220/20/110/12 307
PJ-33>=<33 4 1100/80/600/50 120 600/50/300/25 161 300/25/150/15 302
5 1400/100/700/60 87.3 700/60/360/30 115 360/30/180/18 256
7
Table 7 Maximum displacement of the tree-like structure after adjusting size
1 2 3
(D/6/mm) (D/6/mm) (D/6/mm) (D/6/mm) /mm (L/400)
PJ-24>=24 700/50 360/30 200/18 125/14 8.77 60
PJ-30><30 1200/80 600/50 300/25 180/18 26.91 75
PJ-33><33 1 400/100 700/60 360/30 210/20 42.11 82.5
8 K
Table 8 Maximum Von-Mises stress after adjusting the safety factor
K 1 /MPa 2 /MPa K 5 /MPa
PJ-24>=24 4 91.1 113 5 227
PJ-30><30 5 77 97.4 6 213

PJ-33><33 5 92.5 119 6 225
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