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Research on Diaphragm Arrangement of Quadrangular Tube-type
Steel Frame Tridimensional Parking Structure

HE Yong-jun', ZHOU Xu-hong'*, TANG Jia-yun'
(1. School of Civil Engineering, Hunan University, Changsha 410082, Hunan, China;
2. School of Civil Engineering, Chongqing University, Chongqing 400045, China)

Abstract: A tridimensional parking structure with diaphragms was presented by setting
diaphragms at some levels of the quadrangular tube-type steel frame. A structural analysis model
was established by finite element software SAP2000. By comparing the static property of the
structures with different diaphragm arrangement schemes, the effects of diaphragms on structural
optimum properties, including the lateral displacement and internal force distribution of the
middle frame and the deformation of the parking areas and lifting areas, were studied.
Meanwhile, the optimal arrangement scheme of diaphragms was investigated. Results indicate
that the behavior of the quadrangular tube-type steel frame tridimensional parking structure is
significantly improved for the diaphragms. Besides, the storey shifts of the middle frame become
smaller and more uniformly, the deformation of the parking areas and lifting areas is effectively
restrained, which is conducive to parking of vehicles and operation of the lifting equipment.
Moreover, the sudden change of column internal forces becomes relatively moderate.
Synthesizing the cost and structural behaviors, arranging diaphragms every four storeys is the
optimal scheme.
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Fig. 1 Quadrangular Tube-type Steel Frame

Tridimensional Parking Structure (Unit: mm)
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Fig.2 Schematic of Planar Deformation of Structure
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Tab.1 Diaphragm Arrangement Schemes
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Fig.4 Lateral Displacement Curves of Middle
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Tab.2 Comparison of Maximum Storey Shift of Middle

Frame of Structures with Different Diaphragm

Arrangement Schemes
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Structures in Various Schemes
W/ R ARG AT L BT NS+ (] HE 2R A
B 22 Ak B9 P g 5 e WD S o 7 X e A S A A A R R
Ak A 3 4 AT 0 e Ak B[R] N B A R B R H Y 5
2 vPEHE SR A g SR 788 AR RS G A0 5 24 AR R
B I B /N 2 AR R T R AR
2.1.3 1ER LR

TONER X E AT Hob . Un s Ue 20 51 8 [
— 5% A DX [] HR R A R B R L AR o K A 2
FEFE A RAE LA L A R T I HE SR S A 25 5 5
A 452 % DX 8] gt R A T T A6l 49 2 4 IG 0k I AT K P
RS Sy O 548 3R A5 2 DX ) ) R X AR T W i SCHCAB B
TH
Un—Uc

L,

ALy =2 400 mm; T /N, U] 2 7R 455 7 X R] A1 X
ATE N

T=

@y

B7 SERELR
Fig.7 Deformation of Parking Area
TR AR R EARSHERS TR T
P4 e R AEL P (E bR o 25 48 T 45 58 L % i R fEL D8/
ACKEB/N R 3 s . R 3 AT LUR AR
VA B D0 45 A XA X 22 R 48 bR T /Y d R AE
I (E AR A LA o 25 0 B OK s B B R B LA 45
D DX TE] )RR G AR T AR AR T i R (BRI {6 44 45 31 K
i AR - ) I A5 BB B2 b 9 T {EJLF O 0,



% 3

WME . F . AT H XA R LARAE F M TBR B AR 29

®3 BAREFXEEMNLERIER T3
Tab.3 Comparison of Relative Deformation Index T of

Parking Area in Various Schemes
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Fig. 9 Lateral Displacement Curves of Middle Frame

Columns of Structures in Various Schemes
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Tab.4 Comparison of Relative Deformation Index K of

Lifting Area in Various Schemes

x5 BEFEPRAFBIERRERITAE
Tab.5 Comparison of Maximum Shears of Side Beams of

Lifting Area in Various Schemes
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Fig. 10  Shear Curves of Side Beams in Lifting

Area of Structure in Various Schemes
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Tab. 6 Comparison of Static Property Indexes of 12-storey and 22-storey Tridimensional

Parking Structures with Different Diaphragm Arrangement Schemes
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