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Optimization design of a 100 m-span prestressed beam string pipe
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Engineering Design Institute, Shanghai 200092, China)

Abstract: The rise-to-span ratio, rag-to-span ratio, beam cross-section and area of the cables of a 100m-span beam
string pipe are analyzed and optimized by using FEM, and the nonlinear stability of this structure under different
support conditions is compared. Based on the optimized structural scheme, the full-range behaviors of the beam string
pipe according to 1 : 15 scaled model test of the stretching and loading are studied. Results show that the half-span
load is a control loading condition in the design, that the beam string pipes are relatively sensitive to out-plane initial
geometrical imperfection, that the out-plane stability of this structure is reliable by adding lateral braces reasonably,

and that the analytical results calculated by the nonlinear FEM are in good agreement with the test results.
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Tab.1 Design parameters
Wik <kl KPS TR [ TR/ R WA 1] Tk ATk
NS 0. 100 0.05 9 1 400 mmx16 mm P5x187 mm 325 mmx8 mm

BSS-1 0.050 - - - - -
BSS-2 0.075 - - - - -
BSS-3 0.125 - - - - -
BSS-4 0.150 - - - - -

=]

BSS-5 - .03 - - - -

(=]

BSS-6 - .07 - - - -

=]

BSS-7 - .09 - - - -

BSS-8 - - 5 - - -
BSS-9 - - 7 - - -
BSS-10 - - 11 - - -

BSS-11 - - - 1400 mmx14 mm - -
BSS-12 - - - 1400 mmx18 mm - -

BSS-13 - - - - P5x163 mm -
BSS-14 - - - - D7x91 mm -
BSS-15 - - - - ®5x199 mm -

BSS-16 - - - - - 245 mmx8 mm
BSS-17 - - - - - 350 mmx10 mm
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Tab.2 Main analytical results

VES hh A A, 7,/ MPa o,y/ MPa o/ MPa 0,/ MPa oo/ MPa

LRI S 1/475 1/331 149.9 24.2 17.6 34.0 604
BSS-1 1/220 1/293 155.0 32.8 26.3 47.3 888
BSS-2 1/332 1/316 151.2 27.4 19.6 39.2 719
BSS-3 1/627 1/334 150.3 22.1 17.2 30.5 521
BSS-4 1/796 1/333 152.4 20.7 18.9 28.0 459
BSS-5 1/362 1/317 151.6 27.5 20.4 38.9 685
BSS-6 1/601 1/340 149.1 21.6 15.8 30.2 544
BSS-7 1/706 1/347 147.8 19.6 12.9 27.3 501
BSS-8 1/460 1/331 147.0 24.1 18.0 33.9 599
BSS-9 1/465 1/328 153.7 24.1 16.7 33.9 600
BSS-10 1/468 1/327 152.4 24.3 16.9 34.1 607
BSS-11 1/468 1/294 174.4 26.5 18.4 37.9 589
BSS-12 1/473 1/363 134.2 22.3 16.8 31.0 619
BSS-13 1/419 1/326 150.3 24.1 19.0 33.9 691
BSS-14 1/462 1/332 149.5 24.1 18.5 34.0 633
BSS-15 1/499 1/332 149.5 24.2 16.8 34.1 568
BSS-16 1/472 1/331 149. 1 23.6 17.0 33.4 603
BSS-17 1/480 1/333 149. 1 23.8 17.6 33.7 608
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Fig.3 Optimal design scheme (unit; mm)
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Tab.3 Structural deformation and member stresses

28 T HRORBEE/ mm e/ 3% R 71/ MPa TN J1/ MPa JEATR 71/ MPa
Th— -210.4( i ) 1/475 36.9 162 2.5
T -302.0( [ 1) 1/331 171.9 405 7.0
TH= 86.6(T) 1/1155 49.9 604 10.7
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Tab.4 Material properties of the members

R4 JiE IR/ MPa W RRSREE/ MPa FAPERL L/ MPa U
A 224 461 1.85x10° 9.5%
& AT 429 702 2.06x10° 18.0%
A 1582 1873 2.08x10° 7.0%
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Fig. 10  Sketch of the loading installation
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