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Effective Distribution Width of Tension Joints in Brace of Rectangular
Concrete-filled Steel Tube Stiffened with PBL
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(1. School of Highway, Chang’an University, Xi'an 710064, Shaanxi, China; 2. Department of
Civil Engineering, Queen’s University, Kingston K7L3N6, Ontario, Canada)

Abstract: In order to research the stress distribution and the effective distribution width of
tension joints in the brace of rectangular concrete-filled steel tube stiffened with PBL, 42 finite
element models of joints of rectangular hollow tube, concrete-filled steel tube and PBL stiffened
concrete-filled steel tube were established by ABAQUS software, and the displacement loading
was carried out. According to the results of finite element calculation, the expressions of effective
distribution width of rectangular hollow tube, concrete-filled steel tube and PBL stiffened
concrete-filled steel tubular joints were obtained. The results show that the stress distribution
inhomogeneity of PBL stiffened concrete-filled steel tubular joint is lower than that of hollow tube
and concrete-filled tubular joints during the whole stressing process of joint. When the load

displacement reaches 3 %40, (b, is width of chord) , the effective distribution width of PBL stiffened
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joint is greater and it has better mechanical performance, and the stress distribution efficiency & of

branch plate decreases with the increase of the width to thickness ratio 2y of chord and the

thickness ratio ¢ of brace to chord, and the effect of ¢ on & is more significant. The stress

distribution efficiency & of support plate varies little with the width ratio g of brace to chord, and

it shows quadratic parabola regularity. The calculated values of the fitted formula are in good

agreement with the calculated values of CIDECT code and finite element method, and the

correctness of the formula is verified.

Key words: joint of rectangular concrete-filled steel tube stiffened with PBL; effective distribution

width; stress distribution; whole stressing process; bearing capacity of joint
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Fig. 1 Stress Distribution in Branch Plate of
Rectangular Tube-plate Joints
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Fig.3 Comprehensive Model of Yield Line and Punching

Shear for Rectangular Steel Tube Joint
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Fig. 4 Stress Distribution of Concrete-filled Joints and
Joints Stiffened with PBL
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Tab.1 Design Parameters of Three Kinds of Joints Models

KRS | bo/mm | hg/mm | ¢o/mm | l/mm | L/mm | t1/mm | b/mm 8 2y T EMIREE L | EAIKE PBL
H-g-1 400 400 16 1500 500 16 200 0.50 25 1. 00 i %
H-p-2 400 400 16 1500 500 16 260 0.65 25 1.00 7w g
H-3-3 400 400 16 1500 500 16 320 0. 80 25 1. 00 E i
H-p-4 400 400 16 1500 500 16 340 0.85 25 1.00 ER &
H-8-5 400 400 16 1500 500 16 400 1. 00 25 1. 00 7w 7
H-2y-6 400 400 8 1500 500 8 340 0.85 48 1.00 w =
H-2y-7 400 400 10 1500 500 10 340 0.85 10 1. 00 & i
H-2y-8 400 400 13 1500 500 13 340 0.85 32 1. 00 i 5
H-27-9 400 400 17 1500 500 17 340 0. 85 24 1. 00 7w &
H-2y-10 400 400 25 1500 500 25 340 0.85 16 1. 00 i 7
H-11 400 400 25 1500 500 17 340 0.85 16 0.67 B &
H-r-12 400 400 25 1500 500 13 340 0.85 16 0.50 i i
H-r-13 400 400 25 1500 500 10 340 0. 85 16 0.40 % =
H-r-14 400 400 25 1500 500 8 340 0. 85 16 0.33 & w
C-p1 400 400 16 1500 500 16 200 0.50 25 1. 00 = 75
C-p2 400 400 16 1500 500 16 260 0. 65 25 1. 00 = )
C-p3 400 400 16 1500 500 16 320 0. 80 25 1. 00 P &
C-p4 400 400 16 1500 500 16 340 0.85 25 1. 00 I 7
C-p5 400 400 16 1500 500 16 400 1. 00 25 1. 00 2= =
C-27-6 400 400 8 1500 500 8 340 0.85 48 1. 00 & =
C-29-7 400 400 10 1500 500 10 340 0. 85 40 1.00 B =
C-27-8 400 400 13 1500 500 13 340 0.85 32 1. 00 2 &
C-27-9 400 400 17 1500 500 17 340 0.85 24 1.00 = %
C-27-10 400 400 25 1500 500 25 340 0.85 16 1. 00 5 &
C-r11 400 400 25 1500 500 17 340 0.85 16 0.67 o 7
C-12 400 400 25 1500 500 13 340 0. 85 16 0.50 = &
C-13 400 400 25 1500 500 10 340 0.85 16 0.40 & 7
C-r-14 400 400 25 1500 500 8 340 0.85 16 0.33 = E
P-g1 400 400 16 1500 500 16 200 0. 50 25 1. 00 E 2
P-pg2 400 400 16 1500 500 16 260 0. 65 25 1.00 = B
P-53 400 400 16 1500 500 16 320 0. 80 25 1. 00 5 B
P-4 400 400 16 1500 500 16 340 0.85 25 1. 00 § 2=
P-g5 400 400 16 1500 500 16 400 1. 00 25 1. 00 = I
P-27-6 400 400 8 1500 500 8 340 0.85 48 1.00 = =
P-2y-7 400 400 10 1500 500 10 340 0.85 40 1. 00 P 2=
P-27-8 400 400 13 1500 500 13 340 0.85 32 1. 00 = f
P-27-9 400 400 17 1500 500 17 340 0.85 24 1. 00 & 2
P-2y-10 400 400 25 1500 500 25 340 0. 85 16 1.00 p B
P-r11 400 400 25 1500 500 17 340 0.85 16 0.67 P P
P-r-12 400 400 25 1500 500 13 340 0.85 16 0. 50 I P
P-r-13 400 400 25 1500 500 10 340 0.85 16 0.40 P 2
P-r-14 400 400 25 1500 500 8 340 0.85 16 0.33 I 2
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Fig. 9 Stress Distribution Curves in Branch Plate of Three Kinds of Joints During Whole Stressing Process
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Fig. 10 Influence of 2y on Stress Distribution Curves in Branch Plate of Three Kinds of Joints
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Tab.2 Stress Distribution Efficiency in Branch

Plate of Three Kinds of Joints

WA g5 3 A4 5 ¢ A4 5 g
Hp1 0.43 Ccpl 0. 46 Pg1 0.74
Hp2 0. 40 Cp2 0.42 P-g2 0. 65
H43 0.39 Cp3 0. 44 P83 0. 62
H-p4 0. 40 Cpd 0.45 P-g4 0. 62
HA5 0. 46 Cp5 0.51 P85 0. 65

H-27-6 0.27 C-27-6 0.33 P-2y-6 0.59
H-2y-7 0. 30 C-29-7 0.37 P-2y-7 0.59
H-27-8 0.34 C-27-8 0. 40 P-2y-8 0.61
H-27-9 0. 41 C-27-9 0. 46 P-2y-9 0. 62
H-2y-10 | 0.53 C-27-10 | 0.56 P-2y-10 | 0.65
H-c11 0. 69 Cr11 0.73 P--11 0. 85
H-c12 0. 81 Cr12 0.85 P--12 0.97
H13 0. 90 Cr13 0.93 P13 0.95
H¢14 0.95 Cr14 0.97 P-c-14 0.95
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Influence of Parameters on Stress Distribution Efficiency in Branch Plate of Three Kinds of Joints
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Tab.3 Comparison of Formula with Finite Element

Model and CIDECT Calculated Values

WA= & & & &/& & /&
H-p-1 0.43 0. 40 0. 40 0.92 1. 00
H-p-2 0. 40 0. 40 0. 40 1.01 1. 00
H-p-3 0. 39 0. 40 0. 40 1.01 1. 00
H-p-4 0. 40 0. 40 0. 40 0.99 1. 00
H-p-5 0. 46 0. 40 0. 40 0. 86 1. 00
H-2y-6 0.27 0.28 0.21 1.02 1.33
H-2y-7 0. 30 0. 30 0. 25 1. 00 1.22
H-2y-8 0.34 0. 34 0.31 0.99 1.10
H-2y-9 0.41 0.41 0.42 0.99 0.98
H-2y-10 0.53 0. 54 0.63 1.01 0. 86
H--11 0. 69 0. 69 0.94 1. 00 0.74
H--12 0. 81 0. 81 1.00 0.99 0. 81
H--13 0.90 0. 89 1. 00 0.99 0. 89
H---14 0.95 0.96 1. 00 1.02 0. 96

Y 0. 99 1. 00

ik 0.002 0.025
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