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Abstract: In order to study the appearance sequence of plastic hinge and splicing slippages, and
the proportion of energy dissipation of splicing, two groups of test specimens were designed by
changing the cross-section area of flange splice plate. The finite element analysis of the new
connection under monotonic and low cycle reversed loading was simulated by the ABAQUS
software. Taking the BASE specimen of beam-column connection with upper flange welded-lower
flange bolted as an example, the failure modes, hysteresis curves and skeleton curves of the
BASE specimen of beam-column connection with upper flange welded-lower flange bolted were
compared with those of the “HU” connection and the traditional bolted-welded hybrid connection

designed with the same parameters. The results show that the deformation and the slipping of
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splicing can be fully developed when the cross-section area of flange splice plate is 2/3-1. 0 times
as large as the flange. The deformation and slipping of splicing cannot be fully developed when
the cross-section area of splice plate is 1. 0-4/3 times as large as the flange. Under low cycle
reversed loading, the failure modes of the two groups of connections with upper flange welded-
lower flange bolted are similar. When the interstory drift angle of beam end is about 0. 024 rad,
the lower flange and the splice plate begin to slip. When the interstory drift angle of beam end is
about 0. 036 rad, the plastic hinge appears on the cantilever beam. During the whole loading
process, the energy dissipation of the deformation and the slipping of splicing account for 39 %5-
45% of the total energy dissipation. The ductility, energy dissipation and deformation of BASE
specimen of beam-column connection with upper flange welded-lower flange bolted are lower than
those of the “HU” connection designed with the same parameters, but are slightly higher than
those of the traditional bolted-welded hybrid connection.

Key words: connection with upper flange welded-lower flange bolted; mechanical performance;

low cycle reversed loading; energy dissipation
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Fig.3 Components of Beam-column Connection with

Upper Flange Welded-lower Flange Bolted
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Tab.1 Performance Indices of Materials

ok W S G5 B R 1 O Y AR
E/10° MPa 2.06 2.06 2.06
v 0.3 0.3 0.3
oy/MPa 360 410 980
6./ MPa 554 490 1100
e,/1072 0.175 0.199 0. 480
e,/10°2 25.00 12. 00 1. 36
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Tab.2 Control Parameters of Cross-section

Area of Flange Splice Plate

WS | KBE/mm | SEEE/mm | JERE/mm | FEEEFEEL
BASE 420 200 12 0.45
W140 420 140 12 0.45
W160 420 160 12 0.45
W180 420 180 12 0. 45
W220 420 220 12 0.45
W240 420 240 12 0.45

T8 420 200 8 0.45
T10 420 200 10 0. 45
T14 420 200 14 0.45
T16 420 200 16 0. 45
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Fig. 6 Loading System

2.3 ARTLERITE

TERE A 8 M- OLR AR ) FEMA-350 9158
D7 RN AR f R I 7L R 0 (R
A1+ L 0 A A AU O 0 B 5 1 8 R
SRR S T 1R CF S 3 0 R 5 0D 1 9
o g B AR R (M R A R 0 R 2 L M
S PEBEIX 25 R Ly Oy 0 0 A R R 1
BE BT, L, Aok R 2 A O AR B L 1 10
S e BB IX LR FR R R (AL Ry D R X T B
LR £ 5 R AR SRR L A, R R
T (265 3 A2 11 S B A AR S48 3 158 1)
(8% .0 AP A TR R AL RS )

L

B7 RETRACBATE
Fig.7 Interstory Drift Angle Diagram of

Beam-column Connection

777774
B&
(=3
o0
~
1500 ,
1
3 125 400 975 |
o T T 1
<
(]
© F
4.4 Bk

B8 REFATEEE(FRAM mm)
Fig. 8 Calculation Diagram of Beam-column

Connection (Unit: mm)

GEAE T A R0 8% A B 4 XA 25 - B8 A

(DR RAS W IR
M=FL.=A/L (D
D, =AL/Ly A =A—A, (2)
M,=FL,.0,=A,/L, (3)



110 AEHAFE TRFIR

2019 5

-

9 RETETE
Fig. 9 Bending Moment Diagram of Beam Segment

E 10 EHEREBATE
Fig. 10 Interstory Drift Angle Diagram of Splices
2.4 HBRTEWIE
T S UEAT FR TS Y B R P L SR AT R T EK
7 ABAQUS X SCHk[ 28 ] il fF CT-1 BEAT XU fE 7
Br U 45 R 5 AT FROCTT B 45 R0 e WL BT 11,

(a) WREBHABER

0 2 4 6 é 10 12
6/10 *rad
(c) EHHE-FE il 2%
11 REEREFRTIHESERIL
Fig. 11 Comparison Between Experiment and

FEM Analysis Calculation Results
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Tab.3 Ultimate Bending Moment of Specimens with

Different Widths

K5 W140 | W160 | W180 | BASE | W220 | W240

WP 546 / (kN « m) |288. 55/298. 59(294. 40[295. 53{290. 29{284. 60

IR RS A /rad | 0.048 | 0.048 | 0.048 | 0. 048 | 0. 046 | 0. 038

x4 FEAEERGHRREE
Tab.4 Ultimate Bending Moment of Specimens with

Different Thicknesses

JENGE TR T8 T10 | BASE | T14 T16

MR 25 % / (kN « m) | 295.03 | 296.59 | 295.53 | 289. 11 | 294. 57

P i 4%/ rad 0.048 | 0.048 | 0.048 | 0.036 | 0.029
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Fig. 17 Definition of Equivalent Viscose
Damping Coefficient
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Tab.5 Equivalent Viscose Damping Coefficients of
Specimens with Different Widths

S5 F W BIL e 2R AL
WA g5 -
24, 34, 1A, 54, 64,
W140 0.439 9 0.464 9 0.450 4 0.479 6 0.517 3
WI160 | 0.4412 | 0.4695 | 0.454 9 | 0.507 2 | 0.5319
W180 0. 440 4 0.464 6 0.455 2 0.499 0 0.530 9
BASE | 0.4409 | 0.4729 | 0.4629 | 0.5129 | 0.541 2
W220 | 0.4408 | 0.4728 | 0.467 1 | 0.5128 | 0.530 9
W240 | 0.4406 | 0.476 0 | 0.474 6 | 0.503 6 | 0.498 6

x6 FRAEERGHENHFHEERY
Tab. 6 Equivalent Viscose Damping Coefficients of

Specimens with Different Thicknesses

B L S5 B R
A -
24, 34, A, 54, 6A,
T8 0.438 3 0.434 8 0.432 8 0.490 3 0.511 9
T10 0.441 0 0.456 8 0.443 5 0.500 1 0.522 3
BASE 0.440 9 0.472 9 0.462 9 0.512 9 0.541 2
T14 0.442 2 0.478 0 0.484 4 0.516 9 0.503 0
T16 0.442 4 0.478 1 0.508 4 0.522 5 0.525 3
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