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Nonlinear static analysis of prefabricated steel-concrete
composite joints based on artificial plastic hinge connection
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Abstract: To solve the problems of uncontrolled damage to prefabricated frame joints and the difficulty of post-
earthquake repair, a new type of prefabricated steel-concrete composite frame joint based on an artificial plastic
hinge connection is proposed. which has the characteristics of simple structure, good performance of bearing
capacity and energy dissipation, easy assembly, and so on. To further clarify the mechanical performance of the
new joint, the nonlinear finite element model of the joint was established through ABAQUS. Taking the axial
compression ratio, flange connecting plate thickness, and diameter of the shear damper as parameter variables,
the effects of different parameters on the failure mode, stress mechanism, and moment rotation curve of the

joint were studied, and the stiffness of the joint was also evaluated. The results showed that the failure mode of
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the new joint was a flexural failure at the beam end, and the artificial plastic hinge plays a key role in the internal

force distribution and transmission of the joint. With the increase in axial compression ratio, the bearing

capacity, and ductility coefficient of the joint showed a trend of first increasing and then decreasing. The flange

connecting plate thickness had a great influence on the bearing capacity and ductility. The diameter of the shear

energy dissipation rod had little influence on the bearing capacity but had a great influence on the ductility

deformation of the joint. The new joint belongs to the hinge connection and full-strength connection.

Keywords: assembly; plastic hinge; steel-concrete composite joints; static analysis; inite element analysis
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Fig. 1 Artificial plastic hinge beam column joint
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Table 1 Summary of detailed parameters of artificial

plastic hinge beam column joints
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Fig. 2 Detail drawing of specimen size of artificial plastic hinge beam column joint
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beam column joint
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B g Ko/((kN-m)/rad) ~ M,/(kN-m) 0,/rad M,./(kN-m) 4, . /rad  M,/(kN-m) ,/rad u
NO. 1-01-10-14 11 596. 50 231.93 0.020 260. 88 0.034 221.75 0.046 2.30
NO. 2-02-10-14 13 687. 06 232.68 0.017 270.52 0.042 229.95 0. 056 3.29
NO. 3-04-10-14 12 997. 37 246. 95 0.019 271.89 0.046 231.11 0. 060 3.16
NO. 4-06-10-14 14 578.13 233.25 0.016 270. 64 0.041 230.05 0.055 3.44
NO. 5-08-10-14 15 355. 33 230. 33 0.015 258.71 0.027 219. 90 0.039 2.60
NO. 6-04-8-14 15919.09 175.11 0.011 189. 21 0.013 160. 83 0.061 5.55
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300 350 300
240 280 y N\ 240t

] 2 Gl

= 180 =~ 2100/ ~ 180

= =4 / o

2 2 / 2
fr 120 ——NO.1-01-10-14 o fr 1o
——NO0.2-02-10-14
60 ———NO0.3-04-10-14 701 ——N0.6-04-08-14 60 - ——NO0.8-04-10-10
—— NO.4-06-10-14 ——N0.3-04-10-14 ——NO0.3-04-10-14
) ) : NOAS‘—OS—IO-MI o ) ) |77\10.7l»04»12»l4I o ) ) F— N()'?'M'IO'I(’.
0 0.02 0.04 0.06 0.08 0.10 0.02 0.04 006  0.08 0.10 0.02 0.04 0.06 0.08 0.10
# ffi/rad # ffrad %% ffi/rad

(a) BhEIL

(b) FEE AR E

(c) HLOTFEREAT ELAE

9 THE-HERML

Fig. 9 Moment- rotation curve



% 64

B, AN T i A 0 R B XA A B3R B ) 9T 45

Z

3.2.2 HBEBEMREE

H1 &1 9(b) AT 1, 3 25 378 2 A S o Xof 4% SR AT T a5
M-0 & my s m 2 . FEmE, 25 0/MT 0.1
rad Bf , M-0 il & SEAS E & (H B2 0 /3G K, 45 Bkt
R R R R R AR, BB M E KA R
56. 64 % , KB KA 22. 4890 . 438 4% ¥ AU ¥ N
8 mm I, FAE T 5 i M-0 i £ 7F & A= it IR AR B ik
S AE , JC I Y SRR Y HL AR R R )
W A r 485 7 20 B R 4R T SRR B4 (0=0. 013~
0.014) , /K48 S F R 290 10. 36 %, B A — & 9 e 7k
SE L HAE 0 R T 0. 014 J5 , M-0 fi &k B ik T FF .
Ji PR 3 5 o e AR /N B, B R G AR B
A 7B, Y R A 2 B AN s AR S, B 4%
4 BAR TR 2 2B i AR R IR L (R i T oY FE R
FERAAAE AR T — 8 S AR AR T, PR IE T N T3 Pk
BRAFHARTEMERE . M B ZGE AR EE M 10 mm
HERZE 12 mm B, GRAT Y 0 2R 4 T BOAH I 1 0
(ERE RO SN I N A )
18.83% .36.96% o [a] W), G2 A7 5 4E M R $ iy
3. 1638 K & 4. 05, Ak d iy ¥ M A Y 6 1 15 21 42
1o LR S W IR B BE IR R R B R M RER AL
Jir PR R B % 1 W JRE ) A, AT AT sk e A T
(025 W BE , B A S B R . bk
BH B 2 1 4 MRS B St SR Y A R 3 ) RN M A
R, T EUE T L 10~12 mm,
3.2.3 WA AR

Hi 181 9 (c) AT, Bt 5 6 BE T 1542 X 4% 1k M-0
H R A 1 52 MR A /0N o A B R 0 P o B, R
a5 K {H Bl 2 BU 5T FE BE AT AR 00 4 R St B B R
M AR AR o 11.82% . & B ALY SR IR 2
JREL R WA {1 256 1Y) 722 R BE 43 3 Sl 6. 294 .0, 58 %6, K
HH BT BY FE BB AT ELA2 0T A1 s R 2 1 5 )
A Z W AT . (H BB BT FE REAT ELAR 3G K, 45 R
T a8 1K 5 UG L fir 28R R XF S 1 AR R DN | 2 I BT
B FE BB AT ELAR Y 1S O, B v T L A Y T BT W
e T N T i 8 288 Bl T 38 4 i
Fz BN it IO A I ) 4 v X BE R IR B B
Jei R A M-0 #2235 5 B e i AR
{HL bt %5 BL BY AL RE AT B4R A 3 K, M-0 i £6 1 T [ Bt
RERE B W AR BE R SR M A Y R RN
Ref AV T B 249 A 40 %% , 2% B0 5 FE BEFF X 2 A Y 45 48
PEASTE S M 30K o 255 25 TR AT sl R 2 RE ) (A
PE R R 7 86 B4, BT BY FE AR AT B4 BUHE Y
4 10~14 mm.

RGN T30 M A T A B O ik S A
N TSV B AR S5 32 SRR BT ISR B T A
TP B R YT A TE S R R 2 AR

JE PUBTAEREFTRE W R (9 K (E 39/ T 0. 25EL/L,=
7.06><10° (kN+m)/rad), M, {8 3 A& ¥ K T M,=263
KN -m, 75 A BB 10 8 SObn v H 5L 58 42 0 3 4 1%
FRAE o o6 A, 3F 5 A ) 45 3 0 1 B RR 5% AR A
0.039~0. 088 rad Z 1] , iifi /&2 FEMA-350 [ 1 7k i%
FFEOR COR/NTF 0.03 rad)™. 28 &0, $2 09 8
RN T 0 M A S T W N B R O ik R
HAF B aT AT AR 8 T A CRIE

4 #Hig
3T — T TR A T M R N A B

8L T 3 F N T e A A A A A B ey A
R B4 BRIC oM, 0F 58 T A Ta] 280 il R He V38 2%
AR B PSR BE AT ELAR ) X R Y A5 IR A
32 JIHLEE Ko M-0 ih 28 i 5 B 25980 R

1) N T8 s R R A o 0 T IR A 5o 2
RV R 87 N8 N VA N - el < N B2 o/ b
T A, 3 % AR B B RE RE AT SN TR B
B R Y A5 PR 43 i 5 3 1) SRR A

2) Bl 2 R EL R 398 K A YT A5 R 3R T R A
RBCR L e R K E AR A AR B, 2
M 0. AR N TS M R Y 5 0 R 28 B ) A AiE
AT fe R BRAE I BUE IS B 0. 2~0. 6. H 4%
P MRS B X TR A YT SR 28 RAE 1 A R R
ABE IS N 10~12 mm . 50 87 46 REAT 142 0] 2
AT SR 2 1 B AN T 20 R (B X R
W HE VR AR I R W K, B B AE 10~14 mm 2
i), A 0 32 205 T 45 0 A9 2 W N T 9
BERAE A Y 2R R TP RE PR RE AT .

3) N TV B R R A AR T R R e A
5 B R B P SE T R BORR A (=0. 03
rad) R

[1] ZHOU X H, LIU J P, CHENG G Z, et al. New
connection system for circular tubed reinforced concrete
columns and steel beams [J]. Engineering Structures,
2020, 214: 110666.

[2] e, e, 2%, 5 i s 7 RCSIR &

HE SR A5 40 52 01 R e M puse vt ik 0], 2R LR 24,
2020, 53(6): 42-52.
MEN J J, HUO W W, LAN T, et al. Mechanical
behavior and seismic design method of RCS hybrid
frame structure with replaceable components [J]. China
Civil Engineering Journal, 2020, 53(6): 42-52. (in
Chinese)

[3] Botoe, £4rgr, BURE, 55 . 8 55 me X008 43 21 A9 R
HE T HE A0 B AT PR E AR I S WE T (0], BT A
2018, 48(7): 27-32.



46 R B3R LR FROP E ) % 45 %
HOU G R, WANG X X, LU N N, et al. Experimental 26(1): e1302.
study on seismic behavior of new prefabricated partial [12] L1 Z H, QI Y H, TENG J. Experimental investigation
SRC frame beam-column joints [J]. Building Structure, of prefabricated beam-to-column steel joints for precast
2018, 48(7): 27-32. (in Chinese) concrete structures under cyclic loading [J]. Engineering
(4] Fo/hAe, mofr R, B30T, 5 . T h R U5 L 2% o 0491 A Structures, 2020, 209: 110217.
B R v RE U [T]. WU R 2 A R (A AR R, [13] A=#ife, ik, 55— 8, 55 . 30X RC A9 T
2017, 45(9): 1258-1264. PR PR R B ORI AT ST [T]. RS AE A A 4
GUO X N, GAO SY, PEIJ Y, et al. Experimental 2019, 40(10): 43-50.
study on static performance of embedded channel joints LI Z H, PENG Z H, QI Y H, et al. Full-scale
of precast concrete beams [J]. Journal of Tongji experimental study on seismic behaviors of plasticity
University (Natural Science), 2017, 45(9): 1258-1264. controllable steel joint of prefabricated RC beam column
(in Chinese) [J]. Journal of Building Structures, 2019, 40(10): 43-50.
(5] W1~ 5, BRim, SARAK, S5 BUA0 2% 45 5 e =R B 4= 22 (in Chinese)
BT R e AR S (7], AR 2, 2021, 37(11): 8-14. [14] WU C L, LIU ] M, WANG Q H, et al. Mechanical
HU X B, CHEN R, ZENG Y L, et al. Study on properties of modular prefabricated steel-concrete
mechanical properties of prefabricated concrete beam- composite internal joints under cyclic loading [J]. Journal
column joints connected by steel [J]. Building Science, of Constructional Steel Research, 2021, 178: 106463.
2021, 37(11): 8-14. (in Chinese) [15] WU C L, YU S J, LIU J M, et al. Development and
[6] 5858, WA, TR, % SR 2T testing of hybrid precast steel-reinforced concrete
SPrE AT B E A oK 2R, 2021, 50(2): column-to- H shape steel beam connections under cyclic
256-264. loading [J]. Engineering Structures, 2020, 211: 110460.
GUO Z, JIA X Y, DING J H, et al. Seismic behavior [16] Eurocode 3. Design of steel structures: Part 1.1 General
of plug-in assembly concrete beam-column connections rules and rules for buildings: ENV1993-1-1 [S]. CEN,
[J]. Journal of China University of Mining & 1992.
Technology, 2021, 50(2): 256-264. (in Chinese) [17] Eurocode 3. Design of joints in steel structures: Part 1.8
(7] s, 4595, ORI, % 1A B S AR R Design of joints: EN1993-1-8 [S]. CEN, 2002,
BHERY SRR R U] RN =M, (18] £, gR X, e, % . s A H 5 Q345B Al
2022, 43(5): 89-97. Q460D B A4 JC R XT ILATSE[J]. T 17, 2017, 34
FENG S Q, YANG Y, XUE Y C, et al. Experimental (2): 60-68.
study on cyclic behavior of self-centering fabricated steel- WANG M, QIAN F X, YANG W G, et al
concrete hybrid exterior joint [J]. Journal of Building Comparison study on constitutive relationship of low
Structures, 2022, 43(5): 89-97. (in Chinese) yield point steels, Q345B steel and Q460D steel [J].
[8] kG, mtels, skihsh, 45  IREE + S8 A - g 2k g Engineering Mechanics, 2017, 34(2): 60-68. (in Chinese)
2 A PERE IR IR ST [T). B EE K 2R, 2019, 40 [19] LIU X C, et al. Bending-shear performance of column-
(9): 84-94. to-column bolted-flange connections in prefabricated
ZHANG X Z, GAO H C, ZHANG J W, et al. multi-high-rise ~ steel  structures [J].  Journal of
Experimental study on shear behavior of prefabricated Constructional Steel Research, 2018, 145: 28-48.
joints between special-shaped concrete column and steel [20] VR &E T 454 B 1 HE - GB 50010—2010 [M]. Jb3T:
beam [J]. Journal of Building Structures, 2019, 40(9): Rl A 3 ol i AL, 2015,
84-94. (in Chinese) Code for design of concrete structures: GB 50011—2010
[9] PAN Z H, SIQ, ZHOU Z B, et al. Experimental and [S]. Beijing: China Architecture &. Building Press, 2015.
numerical investigations of seismic performance of hybrid (21] ZHANG X Z., HAO J S, DUAN D C, et al
joints  with bolted connections [J]. Journal of Experimental study on bolted and anchored beam-to-
Constructional Steel Research, 2017, 138: 867-876. column joints of prefabricated concrete frames [J].
[10] KHALOO A, DOOST B R. Seismic performance of Advances in  Structural Engineering, 2020, 23(2):
precast RC column to steel beam connections with 374-387.
variable joint configurations [J]. Engineering Structures, [22] Recommended seismic design criteria for new steel
2018, 160: 408-418. moment - frame buildings: FEMA-350 [S]. Washington:
[11] NZABONIMPA J D, HONG W K, PARK S C. Building Seismic Safety Council for the Federal
Experimental investigation of dry mechanical beam- Emergency Management Agency, 2000.
column joints for precast concrete based frames [J]. The
Structural Design of Tall and Special Buildings, 2017, (% %)



