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Abstract :

Keywords:

In order to solve the problems of serious pollution and low construction efficiency caused by on-site welding of
concrete-filled steel tubular column-column connection joints, and to integrate the advantages of cross-shaped core
tubes for convenient processing and construction, a new type of connection joint is proposed. This joint is a fully
bolted assembly connection joint with built-in cross-shaped core tube for concrete-filled square steel tubular (CFSST)
columns, based on the self-tapping bolt and core tube column joint proposed by the research group. Based on the
proposed static test results of this connection joint, a numerical analysis model is established using ABAQUS
software to verify the reliability of the simulation method, and a parametric analysis is carried out for the different
combinations of self-tapping bolts, stiffening ribs and cross-shaped core tube. The results show that the numerical
analysis results are in good agreement with the test results, which verifies the reliability of the numerical analysis
method. The self-tapping bolts effectively inhibit the buckling deformation and relative opening of the flange plate,
which increases the joint bending capacity by 19.94% on average, and slows down the stiffness degradation of the
joint. The stiffening ribs inhibit the deformation of the flange plate, which increases the joint bending capacity by
3.70% on average, but increases the possibility of relative opening. The cross-shaped core tubes effectively inhibit the
buckling deformation of the flange plate and the local buckling of the column wall, increasing the bearing capacity and
stiffness, and delaying the stiffness degradation of the joint. Overall, the stiffening ribs have little effect on the
bending capacity of the joint, and increase the relative openings of the upper and lower flange plates. Therefore, the
fully bolted assembly joint for CFSST columns can be optimized as a combination of core tube and self-tapping bolts,
and the cross-shaped core tube, self-tapping bolts and concrete have a good mechanism of synergy. Both the joints
before and after the optimization can achieve the performance design goal of "strong joints, weak members", which
are recommended in the engineering application.

cross-shaped core tube; concrete-filled square steel tubular (CFSST) column; self-tapping bolt; seismic performance;

numerical analysis
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Fig. 15 Comparison of hysteresis curves of all joints
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Fig. 16 Comparison of skeleton curves of all joints
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Table 2 Comparison of flexural capacity of all joints

FEREAHEA/(KN-m) REARB N ZME/%
3 /rad
J1 J2 J3 J4 J5 J6 1572 13574 11513 12574 115175 155176
0.050 00 666.69 847.49 675.13 869.26 569.26 647.58 27.12  28.75 1.27  2.57 17.12  13.76
0.040 00 663.65 838.75 679.73 870.26 577.77 653.35 26.38  28.03 242 3.76 14.86  13.08
0.030 00 623.21 787.22 637.42 814.99 564.92 622.24 26.32  27.86 2.28 3.53 10.32  10.15
0.020 00 596.12 727.98 610.12 753.98 534.49 595.49 22.12  23.58 2.35 3.57 11.53  11.41
0.015 00 544.55 665.27 566.70 693.22 486.38 550.93 22.17  22.33 4.07  4.20 11.96  13.27
0.010 00 446.74 522.94 470.81 559.55 413.12 456.92  17.06  18.85 5.39  7.00 8.14  10.60
0.007 50 370.63 417.87 391.46 44411 347.38 377.88 12.75 13.45 5.62 6.28 6.69 8.78
0.005 00 277.76 308.43 287.29 323.00 263.88 276.87 11.04 12.43 3.43  4.72 5.26 4.92
0.003 75 222.49 248.15 227.08 257.75 211.77 218.13  11.53 13.51 2.06  3.87 5.06 3.00
—0.00375 —225.16 —250.08 —228.41 —261.04 —213.97 —219.58 11.07 14.29 1.44 4.38 5.23 2.62
—0.00500 —281.34 —309.73 —289.26 —323.78 —268.78 —280.56 10.09  11.93 2.82 454 4.67 4.38
—0.007 50 —373.35 —421.36 —394.48 —446.54 —349.97 —378.84 12.86 13.20 5.66  5.98 6.68 8.25
—0.01000 —460.12 —528.87 —485.67 —564.20 —417.84 —465.37 14.94 16.17 5.55  6.68 10.12 11.38
—0.01500 —570.99 —674.65 —588.95 —707.27 —500.96 —570.79 18.15  20.09 3.15 4.84 13.98 13.94
—0.02000 —614.34 —742.16 —628.55 —774.03 —539.28 —611.95 20.81 23.15 2.31  4.29 13.92  13.48
—0.030 00 —649.86 —810.45 —664.74 —841.42 —573.15 —644.74 24.71  26.58 2.29 3.82 13.38  12.49
—0.040 00 —690.65 —868.14 —702.38 —900.47 —596.15 —679.26 25.70  28.20 1.70  3.72 15.85 13.94
—0.050 00 —678.12 —871.75 —674.25 —889.75 —589.39 —671.56 28.55 31.96 —0.57 2.06 15.05 13.94
A 19.08  20.80 2.96 443 10.55  10.19
R3 BETREREAMNENERITOTERITEL
Table 3 Comparison of FEA results for load bearing capacity and stiffness of all joints
el PEE:D B R AT 2K, J& RAZ A% MFRATE MR B BORES wBRIE/ RIE#E/
%5 7r 18 P,/kN A,/mm P,/kN A,/mm P./kN A;/mm (kNemm ') (kNemm ')
IE. 18] 272.93 29.93 334.14 99.75 334.14 99.75 14.90
J1 14.99
i % —286.17 —29.93 —346.17 —79.80 —339.90 —99.75 15.08
IE 18] 349.15 34.91 424.81 99.75 424 .81 99.75 16.63
J2 16.70
% 8 —355.06 —34.91 —436.97 —99.75 —436.97 —99.75 16.76
iE 18] 284.06 29.93 340.72 79.80 338.41 99.75 15.22
J3 15.27
i 81 —295.21 —29.93 —352.07 —79.80 —337.97 —99.75 15.31
iE 1] 362.71 34.91 436.22 79.80 435.59 99.75 17.27
J4 17.38
%@ —387.98 —39.90 —451.36 —79.80 —445.61 —99.75 17.49
iE 5 225.42 24.94 289.57 79.80 285.21 99.75 14.19
J5 14.26
% & —230.03 —24.94 —298.80 —79.80 —295.24 —99.75 14.33
IiE 18] 276.14 29.93 327.47 79.80 324.31 99.75 14.62
J6 14.67

% @ —286.07 —29.93 —340.45 —79.80 —336.34 —99.75 14.71




5 43

7 B R U e e MR 2 T e Y e R R e R fEL o A 65

T A Xk AT S T A I3 T L& R, Y A5 T3 40 B W AN
P o5 JL W LG M B 1.87 %0, /WY N B IR fai (e
AN TR AR IS B IR T 0 A ke T s R R 1 v R
AR B, HAE Y A T A I3 45 N 3 g R BBt A R
BT LUK B, 80 S Bl X S TS R AR T 7 34 7
o e AN Ry 2.96 %0, 3 W 20 i A 14 B T R 38 T ()
PESOR A S HETTS I2 M T4 DL, AR T4
71 46 W BE BET  J2 (40 B W v 4.07 %6, B X g
FIE U HL B E OB R A G 2h B R R
AN LE T S T2 A JAAE AN B B A K
AT LA BN S B AR T SR B R 28 O 8
T 4430, 3N S Al i 5 T T S R R B R
BORARHIE . BRI S X I 8 7 a5, I zh il i
58T A IR RN A AR AR T G R R R R S K, Y R
TR AP AN ] OB B AT A ) 5 00 Y A A B R
BT, DL KIS SR T A AR R OR

T AT B A TS R T6 W] L K B, N A T6 140 B W
b 5 T5 R 4R W i 2.88 %, R M A E T IE S
AT R AW AR R, 38 35 Jn S Bl X1 A5 NI Y B e S K
X LT 8 J5 R T6 A8 45 ARG T i as Ak 2 01T LR 31,
T il 0 v A Y S R BT R B R R T 10.19% .
Vb 5 A5 T1 RN T5 B W BE TIN5 A T 40 4 2 L A
5 W90 e W2 w85 5.12 %6, 22 IR 8 128 80 A [ 3% 422 5 o5 o
WE I AT R A R TR
(4 R 2 77 AT, 2T ORI N #h AN SR S
R 35 AT A PSR 3R ) S R | T 10.55%0 . Rk
M5, 5T 0 T3 A 150 AT A v 1 it A9 I R 7R 28
VAN G i IR UE SN Ce -

B T 0 20 Jh ok 0 A TR U R A R B Y T
2 WAk =08 AP Ny NS AR iy KR5S o s et
e R A PN R NS BUE Y DR R = W e o5 A
WS F MR AR B 22 A RGP A T AE AL
il L Ak B S (0 A A R ST PR Y A S M E T I Pk RE AL
Wit Hbr.

4.4 WNERWK

6 ™17 A A S RGN R R Ak R B £ A& 17 R R
[Fi) ) 32 4 0 A5 RAGR A W BE R BN R 4 B o R HE T AR
J1 AN 2 1 25 A0 3 3R Ak il 2 R R 80, ol 0 Y N B TR
S TR (LA 35 5 20 il B, 38 152 1 B AR T L) B SIS £
RO X B AR TG SRR AR AL . Rl 1Y
B H BBy SRR R A RECE IR T 7.32% . X
FE 5 A T3 A T4 B A5 A4 R SR Al it 2 A R BTN, 2
A T EL G 0 S A 6 T A Y R
B RBCE IR T 6.43% . Wk, WE+FIEEME A
VB MBI 3 5 5 SO AR T e ST S R R A

0 1 1 1 1 1 J
-0.06 —-0.04 -0.02 0 0.02 0.04 0.06
JZ IS / rad

E17 FTASEHURNERLAEBHEITL
Fig.17 Comparison of equivalent stiffness

degradation coefficient curves of all joints
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Table 4 Equivalent stiffness degradation

coefficients of all joints

f/rad FETJL FEI2 FEI3 T EIL FEIS Y ET6

0.050 00  0.22 0.26 0.22 0.25 0.20 0.22
0.040 00  0.28 0.32 0.28 0.32 0.26 0.28
0.030 00  0.35 0.40 0.35 0.40 0.33 0.36
0.020 00 0.50 0.55 0.50 0.55 0.47 0.51
0.01500 0.61 0.67 0.62 0.67 0.57 0.63
0.010 00  0.75 0.79 0.78 0.81 0.73 0.79
0.007 50  0.83 0.84 0.86 0.86 0.82 0.87
0.00500  0.94 0.93 0.95 0.94 0.93 0.95
0.00375 1.00 1.00 1.00 1.00 1.00 1.00
—0.00375 1.00 1.00 1.00 1.00 1.00 1.00
—0.00500 0.94 0.93 0.95 0.96 0.94 0.96
—0.00750 0.83 0.84 0.86 0.89 0.82 0.86
—0.01000  0.77 0.79 0.80 0.84 0.73 0.79
—0.01500 0.63 0.67 0.64 0.71 0.59 0.65
—0.02000  0.51 0.56 0.52 0.59 0.47 0.52
—0.03000 0.36 0.41 0.36 0.43 0.33 0.37
—0.04000 0.29 0.33 0.29 0.35 0.26 0.29
—0.05000  0.23 0.26 0.22 0.26 0.21 0.23
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Fig. 18 Comparison of stress contours of

cross-shaped core tubes of all joints (unit: MPa)
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