FATH M W oE K E AR CA R R E R ) Vol 47,No.9
2020449 H Journal of Hunan University( Natural Sciences ) Sept.2020

XERS :1674-2974(2020)09-0040-08 DOI:10.16339/j.cnki.hdxbzkb.2020.09.005

URHE TR RS 51 AR ISR & SRR T AR P S TS

AR, TR SRR Y R
(FEIFFREE 2T 2R, LI 200092)

W OERXY ARSI REL LN EMAARNREN, TN E LR e TP 44
B BT, T BN b A ) R AR A R AR R AR Ak R SR LA O 3R R G RAALIR £,
FBF AR E AN S T EAER oA R I, E e R TR E T ARG e RE, T
KA I AR G WAL A 2 R A, T A G R E v A SR AT ) 5 4 RSEAR TR S A 6G T AL
MAE, KIS TRE & T H 2R, M p BB, R AR ARE K, 3t—F oM
I RRKM e E 5B E MRFRHKE R, 25 E K5 fe I BB XHmik Xk, 5
A A AT S MR T AT R KA AU, R Tk, 3R AR A T A KR R it
FAX, FERE A2 P R E AP AT o8 SR A, 4 LR EAL 338

KGR Aa oA M A AT S BT B S

RE 435 :TU393 MERFRERD: A

Study on Structural Deformation of Reticulated Shells with
Aluminum Alloy Gusset Joints Caused by Bolt Slippage

LIU Jun,LUO Yongfeng, GUO Xiaonong', WANG Li
(College of Civil Engineering, Tongji University , Shanghai 200092, China )

Abstract: The bolt slippage of gusset joints can cause structural deformation in aluminum alloy single -layer
reticulated shells. The magnitude of deformation depends on the axial displacement of gusset joints, thus, a reasonable
axial stiffness of gusset joints can model the bolt slippage to calculate the structural deformation. A stochastic—poly—
lines model is proposed for the distance of bolt slippage influenced by the random error of bolt geometries. It is found
that the structural deflection calculated with the stochastic—polylines model can be fitted by that calculated with an
ideal four—polylines model. Based on the four—polylines model, a case study is used to research on the structural de—
flection which varies with bolt pre—tightening force. It is found that if pre—tightening forces are larger than a limit val-
ue, the structural deflection ranges with a small amplitude, otherwise it increases distinctly. Further numerical analy—
sis concludes that the maximum deflection approximately linearly varies with the number of grid rings and the gap be—
tween bolt and hole. And it is also affected distinctly by the structural span, the ratio of structural height to span and
support type, but uncorrelated with the geometry of member section and joint gusset and the scale of loads. Then, a for—
mula to compute the maximum deflection is proposed. And the optimum diameters of holes in gusset joint are lastly
suggested for the widely used bolt and rivet connections.
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Fig.1 Aluminum alloy gusset joint
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Fig.2 Four polyline model of joint axial stiffness
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Fig.3 Diagram of bolt geometry and tolerance

1.2 Rt 4Rl ERE

LB TR BRFFARAL B )T LB A AR
72 , HARZESEBENL A0 09 , 3 18R] — 1 A [ SR A
Mo B A7 B AN ). SCRR2] Pt B0 4 R R AL A K
F BB i W E S8 R R, DUFT AT 5 B —
SE 22 X IE S T [F] — 17 i A R T AR AN ],
AR IFAR [FIHZ fh FLEE , Wi 22155 FLAE S A, 7K
Fs W BERE 2 BT HEOR. HET I, MRH A5 MR Y R
AN, DR DU (R TR BB 1 22 BTk,
Bl rede i A L4 A LB F) A A o 7, B A



42 R R A4 (A AR BE2 R

2020 4F

AR BRI EE AR AL, T R TR 22 R RE LAY
R SRR I T RO AR A M AS E B, ] 15 2] il
ML PTL NI BRI,

SRR Vi RS B 10 R TR 22 A R IR AT B i
% Ad BUIBFLATE W2 AC, F1 AC, . EAR W2 AD,
FTAD,(UNE 3 ). X LRI TRE, — AR
TE AL e iy A SRR IR LIS A AE
XIFEIRE LK AC), AC, 2 2 T 250, 734
T LU A2 | (H A AR G B0 2 IR AL B g h
B KRN IBRE B E K 6, Ad AD, fil AD,
DL BRI KA IE ,AC, \AC, Fi AC, DIIEHE: WS AH I
JrIAAIE, WA B AR RS I B

5, :D—d+%-Ad+AC]+AQ+ACO (1)

X D) AR AT SRR AL, nTA5 21 418
R BENLI SIS, o o m s S ARy s
JEBENLZPTLBRY. JET 50 IR SEFE RIS B B AL
ZYTARIIME 4 Fr7R , & 4(a) F(b) 5310 AC, 1%
BEDL A AR A FPE X5 IE L.

Yz 2% ey
2 e pUfgk 5
5 5
(B ()RR AT

B4 b4 e R LA ML % 37 & AR

Fig.4 Stochastic—polylines model of joint axial stiffness
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Fig.5 Geometric parameters of member and joint gusset
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Fig.6 Vertical structural deformation
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Fig.7 Scatter of structural deflection
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Fig.8 Scatter of structural deflection (dead load+snow load)
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Fig.9 Frequency histogram of structural deflection
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Tab.1 Structural design parameters and load combination
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4 BEm S G5 RS G5 KL T fir#k/(kN-m™)
L1 L2 L3
LI 30 M1 8 10 12 RI1 0.15 S1 Bt D1 0.5 (fE#k)
1.2 45 M2 9 11 13 R2 0.20 S2 [XliEz D2 0.6 (fEzk)
L3 60 M3 10 12 14 R3 0.25 — — D3 0.7 (fHZ)
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Tab.2 Geometric parameters of member section and gusset plate

e KPR A5 ER/mm et K./ K./
(mmxmmxmmxmm ) JE R e rRuL X AR IL=3 i (kN-mm™) (kN-mm™)

J1 H200 x 125 x 6 x 10 12 250 66 M16 6 164.8 221.3

12 H250 x 150 x 6 x 12 12 250 66 M16 8 210.7 298.3

13 H300 x 160 x 8 x 12 14 250 66 M16 8 229.6 330.2
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Tab.3 Maximum structural deflection

R MFEHE R /mm
PERE
R1 R2 R3 R4
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