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Seismic Performance of Frame Based on the Macro Model of Composite
Joints with Novel Side-plate Reinforced Connections

XIONG Qing-ging'*, ZHOU Xiao-lin>, ZHANG Wang'**, WU Wen-bo®, LIU Ao-hua’
(1. Ministry of Education Key Laboratory of Road and Railway Engineering Safety, Shijiazhuang 050043, China;
2. School of Civil Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China)

[ Abstract] To realize the efficient analysis of composite joints with novel side-plate reinforced connections, a macro model of beam-
column-slab composite joint was proposed. The optimal realization method of the connection between floor and steel beam was
determined. The accuracy and reliability of the macro model was verified. Furthermore, a beam-column joint frame model with
traditional side-plate reinforced connections ( TSP), a beam-column joint frame model with novel side-plate reinforced connections
(FBSP), and a composite joint frame model with novel side-plate reinforced connections ( CJ-FBSP) were established. Elastic-plastic
time-history analysis was conducted on three frame models considering the joint performance. The top point lateral displacement, inter-
story drift angle, plastic energy dissipation, and plastic hinge distribution of different frame models under seismic waves were obtained.
The results show that the performance of TSP and FBSP joints can be well simulated according to the spring stiffness calculation
method. At the same time, the connection method considering the shear slip and pull-out performance of studs can precisely simulate
the mechanical performance of composite joints. The inter-story drift angle of the three joint frame models do not exceed the
specification limit (1/50). The maximum inter-story drift angle of FBSP frame model is smaller than that of TSP frame model but larger
than that of CJ-FBSP frame model, and the plastic energy dissipation capacity is the best. Due to the strengthening effect of the floor,
the plastic hinge rate of CJ-FBSP frame model is the smallest but the plastic energy dissipation capacity is weak.

[ Keywords ] composite joint with novel side-plate reinforced connections; macro model; inter-story drift angle; elastic-plastic time-

history analysis
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Table 1 Mechanical properties of steel

R #/mm @/mm f,/MPa f./MPa
WE 10.0 — 375.5 560. 6
TR 12.0 — 376.5 554.1
Mz 12.0 — 376.5 554. 1
IR 12.0 — 376.5 554. 1
IR 6.5 — 361.9 530.3
PRI 9.0 — 340.0 534.4
JEIUERAR 1.0 — 324.0 381.0
I\ 1 4 3 — 10 455.0 595.0
5 1) 0 73 — 6 445.0 635.0
AT — 19 398.0 529.0
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Fig. 2 Details of composite joint with novel side-plate
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Fig. 13 Stress-strain curves of concrete

T I X RN GRS A FBSP Al TSP 45 A4 PR TR
TRt N A /INAE S T 1) AH R IO A1 52 ey 4K
A FRIT AN 0 i [l il e Xt te an il 15 s, %48
AR o 7Y S A i 2 Y e 2 AR AR 5 N B A it
A 5 A o 5 2 R A i Y AR R R
FETH RN AR 7 e DX 5835 W) Ao >R R il o0 A2 8 Az
JEMAETE . ATLUE H A BRI il 2 558 i £
BRCAT , U I A58 43 s W BE (TR R Y, F
— M, 3 FROAS [R]85 1k I AL AT 05 2 W g 2R A
RIBIZE IR NEL 16 iR, TR HICE BB R |
AT BT SIREE - 2 (M W 8T UM B8 | i [l il 26
B AR I IO R 25 57, MITPEAT i 245 A 5
I NI HEFFAE S M AR 5 A TR 22 (8] A B 7, (H % B2
B B as A 1 A A A NI R KT S BRI
WITEE | DATIT 2 BT 500 B AR 2807 3 O, Bl b A TR
i e R - 7 N (- o I 00wl 1 I R )
TR i A AP 25 R 500 25 R & i
I, AR RZ I B E S R N AR

55 e IR N AR ; ey S BRI (E N 7 5 Je i BE LA
K14 SRR - DA O A 2k
Fig. 14  Stress-strain relationship curve of steel
BB 2 fk 1o ) A 1) B 3 Rk ek O AR BABT
1A GRS 21 5 pE AR B T 22 1) 22 A VD 1) 98 A% % 1)
OYE B T R T AR

4 ERKEESH

4.1 EBHIRE

WA T B9 8 TR B T 45 M R AR ) (CECS
159—2004) "Bt T —14 6 |2 4 x 3 BHIE M E R
BEHHEZREE Ry 25Tl FAERR hy 50 4F | 454 %2
RN TG, PR BE B S B A bR E B 2K (A
), YU BT BN Ry 8 B, i AR sk {E N
0.2¢(g NEIJINHEE) , I 50 T2, 15 iR
Iy AR R 0. 4 s, I MR AR
I FE5HIBH R H ok 0. 05,

A H 32 B — A8 S TR HE B84 R 43 BT B 58 36 42, 5
RFE T A5 R AN (1] 2 7. % 6 DN AS T ik 780 o5 e e A
T (TSP ABERL) 7 A A i 5 50 5 sk HE SR AR Y ( FB-
SP ALY ) F1 AU AR s 2 A 45 R AEZRAR R (CJ-
FBSP #EH1 ) | 2% [ o5 S Bt E 6 2R AE 22 7 18 14
WK 17 Fis.

PRI CEFLE AT EIALY (GB 50000—2012)
HEZRABE A v B T E 28 5 06 2400 4.5 kN/m® I
2.5 kN/m*, J& 1 15 2% 5 36 243 51~ 5 kN/m* I

¥ F5 M HE - www. stae. com. cn



2025,25(16)

AR , 5 2 TR YO AR 56 0 241

B R 2 AR G HE SR BT R R B 6885

300
w00k
100}

0

T ER/KN

-100

—200

=300
-100 =75 =50 =25 0 25 50 75 100

A7 B /mm
(a) TSP &
300
200
100
Z
=
= 0
&
-100
-200
186.9
300 I 1 1 I L
-100 -75 =50 =25 0 25 50 75 100
ALF/mm
(b) FBSP4 A

K15 BRAEE AT [l th Ze X 1L
Fig. 15 Comparison of hysteretic curves of bare steel

beam joints

0.5 kN/m*, & JiE 8 2% 36 28 20 9 o~ 4.5 kN/m’® I
3.5 kN/m*, RSN F B 735000 4 kN/m Fi15 kN/m,
8 o) ey 28 4 AT i LT 18 i

FR a7 M 8 A5 B A A B bR I R RS, 2
JE TR 10 245 A B3R A KSR A= 0k, R < XU B,
BRI TR Xt BT 35 11%) ML R O FE AT RO BE | K b AR
SN 15 R o Sz 7 3 A V- 5 B2 R AR [ PR A
IR 5 25 B2 ITE 15% LA, PRk iR 22 5/
3 4 Hb 7 I ( RSN554 . RSN2290 1 RSN2951 ) ,
BI19FT 7~ I e, AR 3R R SR P 1 B )
(GB 50011—2016) " A ise i 52 107 135 %6 17 114 45 K i
TR T 2 T ) 5 8 A AT R R K R 4 N R4S
BT A M = D, K T e M 7R I 0 (o T O K
£ 4 000 mm/s’,
4.2 TREAMIBEEHLZE

3 ANHESAR Y 7E 2R = AR T A T5Z 2 B it
FRMZanE 20 s, R ange 2 s, nTLUE
th , FBSP B i KT A7 #8 /N TSP #i%  {H FBSP
FEETRY (o BE AR W 5 45 TSP A5 /)N, CJ-FBSP #5254 T3
SRR 3 /N T FBSP #5578 7 3 Bt K 57 A% A
WK . TSP FEHE I FBSP A5 % 7E b 52 % 4 H 90 45

T /KN

—-100

V| ettt g | Ef
AR5 280.4 | 218.6

HRRIT |271.5(262.7
-300 L ) i A

00 -75 =50 =25 0 25 50 75 100
AL F/mm
(a) RIPEAT B R

=200 H
U

300
200+
100
2
@ 0
&
~100
-200
-300
100 -75 -50 -25 0 25 50 75 100
AL#%/mm
QF L &mz: 2 v
300
w0k
100
Z
=0
i
&
~100
) IEERE | ElR
200 R | 2804|2186
BRI | 2584 (214.1
_300 1 1 1 1 1 M
100 -75 =50 -25 0 25 50 75 100
AL#%/mm
() AR BB
300 — —
—— YRR 4 f;q%\
B ICEERE 4 ﬂ/ -
2005 o RIEFF B A
—h— R g
H §
100 f‘
2
g y
= #
—100F a
A/-,l‘.
AL i
200 =N 224
o ¥®
~300 1 L 1 1 1 L
100 —75 -50 -25 0 25 50 75 100
AL /mm
(d) B4 h gt L

Bl16 a1 i - A i &

Fig. 16 Load-displacement curves of composite joints

¥ Mk . www. stae. com. cn



B A 5T R

6886 Science Technology and Engineering 2025,25(16)
- T o - 250
=3 g
- wl L | 200
g g 150
1 B o 100
(=2
¥ T =
2 : s
g| ST I -
- 3_» Wi I ~100
g = ~150
oL R & A 7L A ) -200
4500 2100 4500 4500 2100 4500 %0
(a) TSPAIFBSPARE#Y (b) CI-FBSPEHY B T
BAL: mm (a) RSN554
250
TN o ——— TSP
Bl 17 2 SR RE R AE R S T R S HBSP )
Fig. 17  Frame facade considering joint performance 150k T CJ-FBSP .
403 kKN 544KN  S44KN 40.3 kN 1007 :
TITITTITTITTILVTTITITT g
( 187kN/m | 11.2kN/m|  18.7 kN/m R
6/ 7 &
L e ey ol
AR | BAMB BEEE
0P e | s RERR
TT T T T T AT T T T T T 1T 711 —200- FBSP 193.73 :
5o LCIEBSE | 16392 , , ,
0 5 10 15 20 25 30
B[R /s
| EEEEENEERENENEEEN! - (b) RSN2290
——— TSP
1~5/2 200} ------ FBSP
46.4 kN 654KN  65JKN 46.4 N
Trrrrrrrrrrrrrrrry s U CIFBSP
2.6kN/m  [132kN/m| 22.6kN/m
[ IEEEEEEEEEEENENEN! £
8
=l
4 1mr mnr mr

P18 e fi) iy o0 A 12

Fig. 18 Distribution of vertical load

03
— My ik
RSN554
........ RSN2290
‘ —.—- RSN2951
02

R R

=
=

K19 M SN 3 Xt ke

Fig. 19  Comparison of seismic wave response spectrum
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Fig. 20 Time curves of top point lateral displacement
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Table 2 The maximum top point displacement and

maximum inter-story drift angle
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