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Progressive collapse resistance of beam string structure based
on a new configuration of bottom chord and strut

JIANG Youbao, ZHANG Menghua, ZHOU Hao

(Hunan Provincial Key Laboratory of Green Construction and Maintenance of Bridges and Buildings, Changsha

University of Science and Technology, Changsha 410114, P. R. China)

Abstract: Due to the low redundancy of the traditional beam string structure, it is easy to cause a continuous
collapse of a structure when the lower string prestay cable is broken by accident. A new type of beam string
structure is proposed by improving the traditional tensioned beam spars, lower chords and the connection forms
among members. Based on ANSYS/LS-DYNA program platform, some new beam string structure models
with different spars crossover angles and spars numbers are analyzed for continuous collapse resistance by using
the instantaneous unloading method of the equivalent load in the initial state. The results show that after
reasonable design, the cross strut will replace the lower chord at the failure to provide a spare force transmission
path for the structure when any section of the lower chord fails, and the new beam string structure will not
progressive collapse, but the lower spar internal force will increase suddenly, the large bearing allowance shall
be reserved for the design of the lower brace. And also show that the closer the brace cross node is to the bottom

chord, the more obvious the effect of the vierendeel truss of the remaining structure and the better the load
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carrying capacity. The more cross brace groups, the higher the structural redundancy, and the better the

progressive collapse resistance of the new beam string structure.

Keywords: beam string structure; progressive collapse; dynamic analysis; strut; lower chord
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Fig.1 Traditional beam string structure
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Fig.2 Connection form of cable through the lower chord
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Fig. 3 Configuration of novel beam string structure

Xt R B aK SR B o A e AR S =T
52T — BT 2R 2, T 52N 5 FORE DR 9k Ok i AR
AE Xt 2 A 7 A B R bl B El T A AT 1R 22 18] Y i
1 75 O AR 3 F2 1Y Ak W]k BOR Y 32 7 A
H) 55 T 5% 2 RO S A B b et 4 o O AL Bk B Rk B
T B2 A R U Al A TR A 4 R



FOAR(P 3k L) % 45 %

4 HEKZREMTZPEBERUEENER

Fig. 4 Force transferring of novel beam string structure

after the middle of lower chord failure
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Fig. 6 The beam string structure in Shanghai Yuanshen

Stadium
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Table 1 Design parameters of beam string structure in
Shanghai Yuanshen Stadium
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Fig.7 The novel beam string structure
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Table 2 Design parameters of novel beam string structure
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AT [ 70 203 mm X 6 mm 345 206
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Fig. 8 Simple novel string beam structure



% 6

B AR E TR AT H M A IR 5 R 25 My 0 ik 418 35 b A 15

W o R 03k ok 4 R AR R A7 PR SR i, IO 45 4
Sr T, T TR RSO A A TR e AT UL AT 9

T— 0.141—»"— 0.19I—T— 0.171 _T
—
.- a)Tm
0.0EZ

- y @gy
] jﬁl,
0311 / 0.191

(a) T 5% JHCHT 2 45 K 58 i

0.141 0.191 0.171
[ DR
5 —
0.051
,, 0.0731
0.0?51 o—+
s 0083/

0.317 0.191 J

(b) N %R B 2 S5 40 T TR 1R
B9 HHEMHFEKZIRFEMITEEGE

Fig.9 Calculation diagram of half simple novel string

beam structure
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Table 3 Axial force of each member before and after
failure of intermediate steel bar in the simple novel string

beam structure
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Table 5 Axial force of each member before and after failure

of intermediate steel bar in the novel beam string structure
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Fig. 12 Time history curves of nodal vertical

displacements after the middle of lower chord failure
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