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Abstract: [ Objective] Y-shaped forked columns, as a kind of tree-like load-bearing component, are
increasingly applied in large-span railway passenger station structures. Ensuring their out-of-plane
stability is particularly important for the overall structural safety. Existing research on the stability of
forked columns mainly focuses on either the global structural model or local component analysis. The
former fails to adequately consider the local mechanical characteristics and complex cross-sectional
information of the components, whereas the latter cannot effectively simulate load transfer and the
influence of global stiffness, which may lead to problems such as inaccurate analysis results. [ Methods ]
Judging from the previous drawbacks, based on Rhino Grasshopper, for the special-shaped and variable
cross-section forked columns in long-span railway passenger stations, a total of twelve forked columns with

four  variable cross-section forms were
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ST ET (20035000 « 5] B B 75 42 o 4 lt[J»Jé} Fﬁz\ﬁlﬂ%gﬂiﬁ}f model of the station building with special-shaped
GEFF R AT H (Y2023034) forked columns, and the stability performance of
YEE BN IV (1970—) , 5, IE @ 2 TR, 1995 4R T U R
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of Z-rotation in the first mode of the station building was 21. 50%, indicating that the torsional coupling
effect caused by the irregular plane layout was significant, and the adverse effects induced by eccentricity
should be carefully considered in structural design. The large-span roof truss structure and steel pipe
columns exhibited good deformation compatibility, and the load transfer mechanism of the whole structure
was clear, indicating that the established multi-scale structure model was reasonable. The linear buckling
eigenvalue of the forked column was 19. 88, and the vertical ultimate bearing capacity was 51 220. 62 kN.
After considering the influence of initial defects, the ultimate stability bearing capacity of the most
unfavorable forked column decreased by 33.5%. After considering geometric nonlinearity, the ultimate
stability bearing capacity of the most unfavorable forked column decreased by 22.48%, but it still
featured enough safety reserves, which demonstrated that the design of the forked columns met the
specification requirements and the design method was reasonable. [ Conclusion] The research findings
provide guidance for the calculation of special components in complex long-span structures.

Key words: railway passenger station; forked column; variable cross-section; stability ; multi-scale sim-

ulation
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Fig.4 Forked column layout and cross-section of station building (unit: mm)

2 BEMSH

& RE#ENRRE

ARG B 4 Fh S T AR I 43 SOMEME LLSE 3 A% 40
T T AR T ks SR, S HERR AR AT )
SEARAVARE I LS B2 ) A I 7 | XoF 3l o A K 4%
Gy SR T 22 RUBE AT

KA BRIT M54 MIDAS Gen F1 MIDAS FEA NX
156 S B 1 22 ROBEASCADL, FLUABSHLR AR AN s 5 B,
e, LU AN TR 3D3S e, S Ty
EI’J/ O3 ST R AL 75 43 SORE AR 7 A O

SRRV SRR KRR SRR ks R
fro SRIG A SUREZ AL S AR F Rhino 1, 4L
Grasshopper Z %’ﬁﬂﬁﬁﬁ TSI AR AT 43 SR L A5
A, R, S SRR dxf SO, 5 A MIDAS FEA
B A R T A RIZ 2D PSR oA, Ay
SR BT, fe)m , 5 o SOREAT BR T A 7Y
EI’J mgt CAF, 35 A MIDAS Gen H14: i mgb SO, 18

BB SO T 3K, 20 25 AR e AR A 5 43 SR
ﬁﬁ@ﬂ%?ﬂo FIFHRN 3% 77 =, #8 43 SURE T4k 23
FEAEAT s SRS AN AT i3l B B, S Z R

2.1

JERRI A
e ] W p
i PRI SR il
i o | iz
3D3S Rhino Grasshopper
SERBLTTRY Iy SHEZ I3 SRR
T LA
TR 73 SURE: T dxf
e ff
| [ an
B e B e &
MIDAS Gen (=] MIDASGen | JMDASTER
AL I CEN K4
- e | ks

B 5 ZREEMNRRE

Fig.5 Multi-scale simulation process

2.2 ZREZEEZET

e LR B, 58 %k b EARGER Z2 RUE
BAYR I, IR 6 s, ik fe g3 SORE B A
R, FEIL TR B AR 2 m B ARSI, SR

H MIDAS FEA H PNk 1) 2D £ 55 N 4% 1711

oy, Hondk

500 mm, 12 7 XA 4L

TR

B0y = f08 + U IE  RA% RS S 200 ~

E31 61440 A~Fo0, AT
TCT A B EATT Y ASUR R 2 0 05 =X, DABSAT 28
SR T DA T A SE BRI 9 5 R AT A i Y
W —F o S s A,



184 BH

broofE Bt

P b
ﬁffy Passa —S == - == = W

i**#w{
=y
BR T

U)s=U)stROT(x)u Xy (x)s,u
ROT(x)s=ROT(x)s \
UO)s=UW)sr-ROT () Xy (J’)s.M

ROTY)s=ROT)m |
U(2)s=U@)sur+ROT(z2) x ’Y(Z)S.M

ROT(@)s=ROT(@)y

HHER S XAEH
MIDAS GenZ5 3 At
o vy ahan
VVV VVV :
¢ s3i
Rhmoﬁ}lﬁﬁﬁﬂMfﬁI T MIDAS FEA ﬁi&%ﬁmﬂsﬁ PR TR

MIDAS Gen 4542 RUEEA FRITAER

E6 WRESXHLFEHEZRELMERGERRE
Fig.6 Construction process of multi-scale structure model for station building with special-shaped forked columns

2.3 MRS RAHER

AT H AN A 2R Q3558 #K 4l GB 50017—
2017 FIGE TR e ) ) ARbE AR+ SR FH A 417 2k A5
R, BATSREE £ 4 295 MPa, $iL 58 £, Jy 470 MPa,
BB E K 2.06%10° MPa, 3813 o 1. 0%
JIFA 53 XREAE 73 XS DA R FH B 01 051, B4 0 1 b
G20Mn5N, #HE JGI/T 395—2017 (45 50 25 0 15 11 31
YR CECS 235—2008 (45 59 35 A5 1 FH % A B
FEY R T TSR I £ B 230 MPa, H141
SR £, HU 480 MPa, i £ =2.06x10° MPa, 31k
% ﬂ{l 1. 0% [28-29] N
2.4 HEEDWER

vl 55 FRAEAE 43 M7 R Lanczos J5 ¥, BEZS 4 M 45
S 7 B, w15 By A RSCR R 1 PR,
1 RS X [l AR B )7 10 K12 78. 09% , Z a1
FIRE T 6 T8 21. 50% , L3 32, 2 s
X MPEh IR B S 5 (5 ol 41.44% , Z 19 5% 8h i
FRAFRZ S 5 HHR 57.95% , FIFE &, 3 Iis X
SRR RS 5 5 R 36. 42% , Z [ 55 s AR

RS 5 5 R 61. 18% , FILFE 0N ¥ B %, 44
SRR, 5 LR 3 5 2548, - T A B A AN R 44
(AT S AH PRI AU N W 35, 5 AR B T I 7 2 % I
J5z o 55 WL i o IS SR B AN S
F1 HHERTEREH

Tab.1 Natural vibration frequencies and periods of structure

LNt 4%/ Ha, JAH/s

1 1.0385 0.9629

2 1.1843 0.844 4

3 1.3035 0.767 1

4 1.3542 0.7384

5 1.396 9 0.7159

6 1.656 9 0.603 6

7 1.6859 0.593 1

8 1.8710 0.5345

9 2.1009 0.476 0

10 2.3099 0.4329

11 2.3507 0.4254

12 2.659 1 0.376 1

13 2.9367 0.3405

14 3.0769 0.3250

15 3.169 4 0.3155
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Tab.2 Internal forces at top joints of forked columns

M./ M,/ M./
(kN +m) (kN-+m) (kN -m)
CI-E1 -397.34 -95.82 1437.97 88.50 1080.93 -147.02

4% F/KN  F/kN  F/kN

CI-E2 -1014.09 —-424.95 2163.29  30.68 572.76  -84.14
CI-WI1 457.10 -90.21 1394.14 85.67 -1076.90 142.05
C1-W2 963.08 -453.312197.88 0.66 -561.00  77.27
C2-E1 -1364.63 267.39 2121.46 211.48 414.99  -47.87
C2-E2 -1006.22 11.44 1595.53 -0.77 76. 81 -93.73
C2-WI1 1366.85 292.76 2195.14 225.39 -444.00  62.47
C2-W2 1007.21 5.10 1692.49 2.52 50. 07 111. 80
C3-E1 -467.18 75.12 1807.24 9.12 -185.24  -7.09
C3-E2 -645.20 7.79 1909.32 -76.61 -147.03 -12.08

C3-W1 475.10 75.26 1799.44 12.85 227.80 4.56

C3-W2 638.52 -2.54 1941.65 -80.46 165. 17 7.12

C4-E1 -679.94 115.02 1587.26 14.01 2.21 32.02
C4-E2 -820.96 91.36 1516.40 -33.56 136. 45 -9.32
C4-W1 683.74 110.03 1609.25 19.72 -58.74 -31.74
C4-W2 831.65 84.99 1476.27 -11.06 -192.14 6.91

C5-E1 -1219.83 —189.53 1534.88 -131.41 97.94 98.23
C5-E2 -1593.05 -596.56 2803.92 -426.30 181.57 53.04
C5-W1 1324.54 -183.56 1493.67 -104.43 26.27 =70. 88
C5-W2 1479.48 -460.44 2420.18 -332.35 44.74 -32.51
C6-E1 —1116.58 663.42 2576.46 12.61 640. 05 35.63

C6-E2 122.92 733.10 1822.29 -237.81 960. 75 76. 54
C6-W1 819.66 432.58 2489.15 -91.78  -200.18 -49.01
C6-W2 86.01 684.72 2065.53 -223.61 -796.00 -78.66
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