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(a) Schematic diagram of exterior (b) Schematic diagram of bolted
diaphragm welding joint joint with exterior diaphragm
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Fig.1 Schematic diagram of different node forms of

stiffening ring
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Tab.1 Main parameters of the specimens(Unit:mm)

. e
WU BRERT RRER AR jgﬁ j‘;ﬁ R BR g
= DX 1, Iy X by X 1 X LX LyX1, S S LyX LyXt, g LX L, X1,
CFST-1S  273X11.2  300X150X6.5X9  598x453X 10 65 80 200<105X6  M20  230X60x8
CFST-2S  273X11.2 250X 125X 6X 9 548 X433 % 10 55 70 170X 90X 6  MI16 /
xR2 WHAhFEiEsE
Tab.2 Mechanical properties of steel
R 2R JERE ¢ /mm JEIRERTE £, /MPa  tRBRSREE f,/MPa  BERLE E/GPa RS /%
SRR 10 286 435 204 27
Y 5 % 9 281 440 201 28
HU AN 1 AR 6 330 469 202 23
TCHEME 11.2 302 396 206 28
Axr+(B—1)a*
— . > r<1
3 BERTEBSRIE MR FEEVEEIEE 0
- ) , x>1
alr—1)V+x
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Fig.2 Schematic diagram of specimen size (Unit:mm)
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Fig.4 Strain gauge arrangement of specimens
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Fig. 6 Finite element simulation of each part
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Tab.3 Comparison between specimen test process and finite element analysis

ER/SUER R SO RV IR E 32 @)

WS oz 19 7 iz 19 13 % ﬁfﬁ? ?fﬁﬁ ﬁfﬁf %ﬁﬁf
Ay, /mm Afinge /Mm ’
CFST-1S-TEST 7.0 12.8 89.17 41.5 119.2 85.5
CFST-1S-FEM 9.7 16.3 94.08 53.2 121.0 90.1
W 38.6% 27.3% 5.5% 28.2% 1.5% 5.3%
CFST-2S-TEST 9.5 9.5 45.77 32.8 66.2 66.2
CFST-2S-FEM 9.0 10.7 42.44 26.2 72.8 61.5
B2 5.3% 12.6% 7.3% 20.1% 9.9% 7.1%

R4 THE-HAHEIBIEINERSARTITELERNIL

Tab.4 Comparison of the M-0 curve characteristic values between the test and the finite element results

BAES Sﬂﬁg$l dﬁ% éﬁi) &%ﬁ) <$;> (ﬁ%) #o
CFST-1S-TEST 7.66 93.63 125.29 106.36 21.60 81.43 3.77
CFST-1S-FEM 7.02 98.79 127.09 108.03 22.85 88.97 3.89

22 8.3% 5.5% 1.4% 1.5% 5.8% 9.3% 3.2%
CFST-2S-TEST 6.51 48.06 69.60 59.12 13.56 69.52 5.12
CFST-2S-FEM 6.25 4457 76.39 64.93 16.20 66.88 4.13

W% 3.9% 7.2% 9.8% 9.8% 19.5% 3.8% 19.3%
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Tab.5 Details of connection
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Tab. 6 Comparison of initial stiffness and bearing capacity of joints

R R

Model Number S, /(kN-m/mrad) M, /(kN-m) S/ Sinces M, / Mo con e

o8
CFST-1S 7.02 127.90 0.85 0.92 S ek
GZ-1 7.13 128.11 0.86 0.93 W42
GZ2 7.77 132.53 0.94 0.96 THE W42
GZ-3 7.53 138.10 0.91 1.00 THE W42

GZ4 8.09 142.62 0.97 1.03 Wil
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Tab.7 Classification of bolted joints with outer reinforc-

ing ring
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Optimal analysis on mechanical behavior of exterior diaphragm bolt

joints of concrete-filled steel tubular beam and column

SHI Ruo-li', PAN Zhi-cheng’, XIAO Gong-jie’, ZHANG Jun', XIONG Jian-li*, SUN Zhi-ying'
(1.School of Architecture and Planning, Yunnan University, Kunming 650504, China; 2.School of Civil Engineering, Central

South University, Changsha 410075, China; 3.China Shenzhen Tianjian Real Estate Development Industry Co. Ltd. , Shenzhen

518033, China; 4.State Key Laboratory of Mountain Bridge and Tunnel Engineering, Chongqing Jiaotong University , Chongqing

400074, China)

Abstract: In order to investigate the mechanical properties of bolted joints with exterior diaphragm in different structural forms,

this paper is based on the monotonic loading test results of bolted joints between circular concrete filled steel tubular (CEST) col-

umn-H-shaped steel beam with exterior diaphragm. Appropriate constitutive models of concrete and steel are adopted. Subsequent-

ly, finite element software ABAQUS is used to build an elaborate 3D solid finite element model (FEM) of the joints. By compari-

son, it is found that the numerical results agreed well with the mechanics characteristics and failure forms of the experiment, verify-

ing the reliability of the FEM. Finally, taking a traditional welded exterior diaphragm plates rigid connection joint as the bench-

mark, the numerical simulation of bolted joints with exterior diaphragms under different construction measures are compared. The

analysis results show that when four rows of bolts are provided on the structural diaphragms, the steel beam web is welded with

stiffeners, and the top and bottom diaphragms are also added with stiffeners, this type of bolted joints with external diaphragms can

achieve initial rigidity and flexural capacity of fully welded exterior diaphragm plates rigid connection.

Key words: aseismatic structure; concrete-filled steel tubular keem and column; exterior diaphragm; bolted connection;rigid-joint;

initial stiffness
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