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Abstract:

aluminum alloy gusset (AAG) joints can provide a basis

Research on the over-fire performance of

for evaluating the bearing performance of aluminum alloy
reticulated shells after fire. The tensile tests of 6061-T6
aluminum alloy after fire were conducted and the formula
of reduction coefficient of mechanical property after fire
was given. The bearing performance tests of 12 pieces of
6061-T6 aluminum alloy gusset joints after fire were
performed. The bending capacity and the possible failure
modes of aluminum alloy gusset joints after fire were
presented. The test results indicate that the material
property of aluminum alloy and the mechanical property
of aluminum alloy gusset joints show a three-fold trend

with the change of fire temperature. Parametric analysis
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was carried out based on the numerical model to study the
influence of material properties, over-fire temperature,
and size specifications on the bearing performance of
aluminum alloy gusset joints after fire. Finally, through
numerical fitting, the calculation formula of the bending
stiffness and the bearing capacity of aluminum alloy
gusset joints after fire and the four-line model of moment-

rotation curve were obtained.
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bearing capacity
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Fig. 1 Material property test
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Tab.1 Tensile test results

I 5 FPERTE/ GPa JT IR E/ MPa HUAISHEE/ MPa N PPk /GPa JR IR/ MPa HUHsR 1/ MPa
CG—20 68.3 260. 2 300.7 CG—400 70.2 141.2 192.7
CG—100 69.0 255.1 303.0 CG—450 70.1 46.0 118.5
CG—200 68.1 259.5 302.5 CG—500 69.0 61.1 124.1
CG—300 71.4 265.1 293.7 CG—550 70.0 73.5 151. 4
CG—350 69.9 219.0 251.5
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Fig. 2 Strength reduction factors

2 PRI

2.1 g

SRS IR YT AR B R et T
RURZE ) AN EE /Y 52 e, 25 8 G O BE R & R
(20°C) .200°C . 300°C . 400°C . 500°CH1 550°C4%: 6 Fh
B, 9 R AR G AR S A K R B
MR Ay 2mm Al Smm X 2 FE i, Ht 12
AT AR I T s K T
I REE L j R SRR S o A ey s
LN B BN 3 FroR 15 SRR 4344 6061-T6
A4, B A 28 SRIERE 6 AR H
RUFFA , Horb A ARFF A B 150mm, 2 AR AT
01 050mm. AT Sy T R, IR T RS
>~ H 100mm X 50mm X 4mm X 5mm , & $ 5L /)y & A
A LA A a0 A9 IR, 12 ROT B BB A A S 1 4544
BEAR LA BT B2 TR AR R L R

FZE T 61 M6 AN FEP IR 5 AR E R IR LE
3R 6. Smm, BB Tk B RAR AN, PR RE S
2R A2-70,

TR

[

\
FHEBS

FF14B3

\AAJ

revy FYVY

3 TR HRE

Fig. 3 Gusset plate joint specimens
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Fig. 5 Arrangement of measuring points on members
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Fig. 6 Arrangement of measuring points on gusset plates
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Tab. 2 Bending capacity and failure modes of specimens

NG R 2 BRA5 4/ (KNem ) IR REH MBS/ (KNm) WA
J20—2 3.49 ZHT SRR B IR 120—5 6.02 FFERASREIR
J200—2 3.50 SR SRR BT R J200—5 6.21 PR R IR
J300—2 3.62 AR SARHOIRPI BT A IR J300—5 6.19 FFAERFEREIR
J400—2 1.87 R AR R J400—5 3.59 R FIBIR
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Fig. 7 Failure modes of specimens
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Fig. 10 Reduction factors of bearing capacity and stiffness of AAG joints after fire
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Tab. 3 Setting of contact pairs
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FFFEE 2% — 1R FFOFE 2% 5 $1 % (penalty) 0.3 T4 fih
SR — IR AL BT IERAL JCPEYE (frictionless ) . i fih

T 0 10 2 ) BU(EL A0 AT 25 R S 25 SR X e
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Fig. 13 Bending moment-rotation curves of specimens J300-2 and J300-5
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Tab. 4 Comparison of experiential and numerical results at the stage of bolts fixed

RS i O

BR/mm EKIRESC st ABUIGEER o WIGLER/ (KNeme  ARRIEAES/ (KNeme 0,
(kNem) (kNem) R/ % rad ') rad™!) R/

20 0.82 0.82 0 490. 35 497.15 1.39

200 0.82 0.82 0 499. 31 502. 92 0.72

2(itR) 300 0.82 0.82 0 492. 65 497.05 0.89

400 0.81 0.81 0 520. 24 525. 46 1.00

500 0.82 0.82 0 495. 31 497.71 0.48

550 0.82 0. 80 —1.88 487. 36 486. 12 —0.25

20 0.79 0.79 0 535. 97 540.12 0.77

200 0.78 0.78 0 532.64 535.37 0.51

5(JEM) 300 0.78 0.79 1.10 524.21 525.29 0.21
400 0.79 0.79 0 541.61 538. 35 —0. 60

500 0.77 0.78 1.55 565. 32 566. 92 0.28

550 0.78 0.78 0 550. 31 544.75 —1.01

x5 FLBAREMRRABERSERTERTL

Tab.5 Comparison of experiential and numerical results at the stage of bolt holes pressed

PR g TR I
BURE/mm EIGRIESC aeskm) HREAER IRIBLEH/ (KNem= FRUCZEE/ (Neme
(kNem) (kNem) B2/ % rad ') rad ') RE/ %
20 3.49 3.96 2.08 417.51 418.91 0.34
200 3.5 3.56 1.57 416.03 416.03 0
300 3.62 3.58 —1.08 423. 89 427.95 0.96
20 40) 400 1.87 1.91 2.26 278.31 274.12 —1.51
500 1.25 1.32 5.29 99. 67 101. 95 2.29
550 1.53 1.63 6.63 133.05 131.94 —0.83
20 6.02 6.18 2.64 660. 98 662. 00 0.15
200 6.21 6. 16 —0.82 659. 34 658. 00 —0.20
5UER) 300 6.19 6.21 0.31 667.98 668. 00 0
400 3.959 3.52 —2.01 470. 14 468. 00 —0.46
500 2.24 2.25 0. 40 166. 14 165. 00 —0.69
550 3.01 3.05 1.39 229.32 225.00 —1.88
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Fig. 15 Numerical results at the stage of bolt holes pressed
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Tab. 6 Comparison of theoretical and numerical results at the stage of bolt holes pressed
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Fig. 16 Four-line model and bending moment-rotation curves
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