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ABSTRACT

Pretension cable — truss is applied widely in thetgnsion steel structure. The paper analyses thetsire of
cable-dome by the optimization of sectional dinmmsi and the materials strength is given full playe
performance of structure is more superior.
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INTRODUCTION

The economic, advancement and reliability of preitam steel structure have been undoubted by fiftgrg
development and practice [1] [2] [3] [4] [5]. Preséon plane structure can save ¥8%0% of the steel material[6],
pretension space system can reach 4®@%[7][8]. All of above are a deal of unelectatdsaurce and wealth. The
stress performance of steel structure are highprined with the development of the society and potidity. The
optimal structural layout and stress performanceftymization analysis has been a hot issue fansific workers
nowadays. Pretension steel structure can makedallof elastic strength of steel, improve compoperstructures’
carrying capacity, and reduce their deformationapplying pretension, achieving the aim of savingektand
reducing cost.

Pretension cable — truss is a type that used witeligture system among pretension steel structlirissimportant
to carry out optimization analysis for the purpedemaking full use of materials, achieving safethda&conomic.
The paper analysis’s the influence on the stredsnmeance that pretension values produces, andleds the steel
consumption; eventually get the maximum saved amotithe steel. Based on this we can get betten@o
benefits and safer structure forms.

Figurel shows the main model. And the node numémershown.
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Fig.1:.Calculated model
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Performance Analysis
2.1 Optimization of Section Size
As be shown in figurel, there is a pretension dtesk that is 10 meters in span length with twop$¢ supported
ends, section areas group as follows: top chofd jdottom chord bar is A2, tilted belly pole is Ashaft abdominal
bar is A4, slant rod joined by cable is A5, vertistick is A6, section area is A7. each node ofc¢bprd have plumb
downward concentrated load which is 20 KN, choosinilal section area is 8 cm2,elastic modulus afsband
cables are all 2. 06e11Pa, allowable stress oéddbt600Pa, arrangement of cables is linear ¢alld the distance
is 0.5m to bottom chord bar linear. The minimumueabf each bar section area is 0.5 cm2 and themamivalue
of cable’s section area is 2cm2. The results afdpation structure are shown in Tablel.

Tablel: the optimization results of section area

Section area(cf
Al A2 A3 A4 A5 A6 A7
Non-prestressed 13.445 10.386 5.823 4.118 2{819611.22.000 277.59 0
Exiting prestressed 11.5690 4.706 5823 4118 70B5137| 2.000 230.67 40.21

structural weight(kg)| Cable pretension(KN)

2.2 Performance Analysis of Cable-truss

The section areas of most components are reducedodoptimization of the section size. Especiatiy area of
bottom chord bar A2 reduces in large amplitudes Wy certainly can reduce more weight of the stine¢c and the
cost can greatly be reduced. Because the loadiaselby this mode cable is symmetric, we can jusibsk nodes
and unites of the left section to analysis, theesoof node and unite are from left to right. Thiecain be calculated
by the mode figurel.
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Figure6. The axial stress of tilted belly pole Figure7. The axial stress of shaft abdominal bar
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Figure8. Defor mation map of non-cableforce Figure9. Deformation map of non-cableforce

The displacement and deformation diagram of theeaathow that the displacement of each node isrlargklarger
from the edge to middle, and after optimizatiorg thsplacement variation of each node is smalt’sthia say the
optimization meet the displacement and deformatmmditions.

That will be compressed when the axial stress efttp chord bar is negative. After optimization tldue of the
stress has some change, however it is not appamhthey all meet the bar allowable stress. Orother hand the
top chord bar can fully play its tensile and conspiee strength after optimization. The Figure5 shdie axis
stress change of bottom chord bar. The internaefoof the 9 unite and 10 unite is from tensiomieebptimization
to compression after optimizatiohhe 13 unite is located in the middle of the st and the corresponding node
displacement is the maximum. The internal forcedases when the optimization is performed. Howeivethe
allowable range, all in all opponent optimized éalty play its tensile strength and compressioersth.

The Figure6, Figure7 show the internal force of2Beunite and 30unite is the maximum. The crosi®s®l areas
should be larger as far as possible when selettimgection and the rest conditions are met simedtasly. So the
optimized tensile and compression strength of thel sgomponent can be better fully played.

3. The cable-truss perfor mance analysis after optimized

3.1 The Optimization of Section Size

Figurel0 shows the calculation model that is agmsbn steel truss, 10 meters in span length with dimple
supported ends. And the number of each bar is sliwigurel0. Each node of top chord have plumb rdeard
concentrated load which is 20 KN. Initial sectiorea is set 8 cfp elastic modulus of bars and cables are all
2.06¢'Pa, allowable stress of ba#[]=170MPa, allowable stress of cabt&]|=600Pa, arrangement of cables is
parallel to linear cable , the minimum value oftedar’s section area is 0.5 tmand the minimum value of cable
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section area is 2¢mThe distance between cable and bottom chordchhle arrangement locations and section size
are set as optimization parameters. The Fig.11 shbw relationship between cable locations ancatstre weight
after optimized. And the Fig.12 shows the relati@tween cable arrangement location and cable pssstdl after
optimized. The optimal cable arrangement locat®h.08m distant to bottom chord bar, the optimigection size

of this point is shown in Table2. The cable presstesl is 4.718KN, and the structure weight is 141k§2after

optimization
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FigurelO. Calculated model considering the cable arrangement
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Figurel2. Therelation between cable arrangement location
and cable prestressd

Figurell. Therelation between cable location and
structureweight

Table2: The section sizewith the best cable arrangement location

Unit number | cross sectiona@NT ) | Unit number | cross sectionaGN )
1,2 1.0516 23, 24 4.1596
3,4 5.1692 25, 26 2.4957
5,6 8.1104 27,28 0.8319
7,8 9.8751 29, 30 0.5
9,10 2.8767 31, 32 2.5

11, 12 1.2409 33,34 1.7647
13, 14 4.1821 35, 36 0.5882
15, 16 5.9468 37 0.5

17,18 6.5351 38, 39 5.7819
19, 20 1.4871 40, 41 4.2425
21,22 5.8232 42 1.1130
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3.2 Performance Analysis of Cable-truss
The Figurel3, Figureld shows the comparison of twaditions of node displacement. From the Figurel3,
Figurel4, the cost of structure can be reduced aftémized the cable section area.
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Table2: Distribution of axial stress

Upper chord bar bottom chord bar tilted belly poles Shaft abdominal bar
Unit Axial Unit Axial Unit Axial Unit Axial
number stress(Mpa) number stress(Mpa) number stress(Mpa) number stress(Mpa)

1 -213 9 -139.6 19 -213 29 48.2
3 -178 11 240 21 -170 31 200
5 -176 13 191 23 -170 35 -73
7 -175 15 185 25 -170 37 -49

17 183 27 -170 40 -170

38 159

The Table3 shows that the distribution of axiagéss$: It can be seen that the distribution of asti@ss are uniform.
The optimized structure weight is 140.52kg, andvieéht of the structure and the cost are reducedtly.

CONCLUSION

The relationship between the change of cablesitotgbretension of cables and pretension of cablashieved by
the optimizations. The distance of cable to theglowhord, pretension of cables and the sectionssizeptimization
variables. And the optimal section size is achiesi@tlltaneously. The analysis of optimal perforneasbhows that
the components are not satisfied with strengthirement, and can fully make use of the materiapprties, which
can fully play the material strength.
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