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Experimental study and numerical analysis on seismic behavior of
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Abstract; In order to meet the needs of the rapid development of super high-rise buildings and modern industrialized
residential building systems, a new type of plate-reinforced composite (PRC) coupling beam with steel bar truss
deck is proposed. The failure mode, bearing capacity, deformation capacity and energy dissipation capacity of PRC
coupling beams without considering the effect of floor slab, with ordinary reinforced concrete (RC) floor slab and
with steel bar truss deck were studied by quasi-static test. At the same time, ABAQUS software was used to analyze
the stress development of concrete, steel plate and steel skeleton of PRC coupling beam with steel bar truss deck
under different peak loads. The results indicate that the shear bearing capacity and ductility of the coupling beam
can be significantly improved with steel bar truss deck, and the setting of steel bar truss deck can significantly
increase the peak load of the coupling beam, and the improvement of the bearing capacity of PRC coupling beam

with steel bar truss deck is stronger than that with RC slab. The forward peak load of specimen PRC-S3 is 31% and
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18% higher than that of PRC-NS1 and PRC-S2, respectively, but the stiffness degradation of the coupling beams
with slabs were more serious after cracks were produced at the junction of beams and slabs. PRC coupling beams
with steel bar truss deck have superior energy dissipation capacity, and there are significant diagonal compressive
struts in the span of the coupling beams. The main compressive strut and its derivative compressive struts together
constitute the truss to bear the shear force. Stress concentration occurs at the bottom of the coupling beam in the
upper and lower chord reinforcement of the truss and the longitudinal reinforcement of the coupling beam, and the
cumulative energy dissipation corresponding to the failure point of the coupling beam specimen PRC-S3 is 1.39
times that of the specimen PRC-NS1 without slab.

Key words: plate-reinforced composite coupling beam; steel bar truss deck; coupling beam with slab; seismic

behavior; energy dissipation capacity ; nonlinear finite element analysis
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Table 1  Design parameters of specimens
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Fig. 1 Specimen size and reinforcement details
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Table 2 Parameters of steel performance
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TG4 7 HPB300 8 318 422
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Fig.4 Test displacement meters and strain gauge and strain rosette
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Fig.5 Failure mode of specimens
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Fig.6 Damage of embedded steel plate in coupling beam

3 REER

3.1 B

B AR R AR 7 s AR B DL E LS

1) 3 A~ i GE AT [B] BRARAR LN | 25 Hh oA ) 0 Sl 28 A F e A 00, Hh G 1 1 3 R A AR RE B T AR AR 3R
FEINZ T 125 7% AL Ttk B B, fr gk - A i 2 (L 2 2k

2) bt ff 2 R I AR T — e R R SRR A, AR AT R AR 1 O, AT 3 B R I B T
WIS BRI IRAE IR G, IR AR 1) 5 B N T VR T 2™ SR L T AR

3) 43 Hr & B, i PRC-S3 A T4 PRC-S2 FEHNZR Y T B BE 2842, 1 HLELAT B vy 114 WA (£ 280 A B

TR S frad 525 ff /rad %5 ff frad
668.13 -0.08 -0.04 0.00 0.04 0.08 0.13 -0.13 -0.08 -0.04 0.00 0.04 0.08 0.13 -0.13 -0.08 -0.04 0.00 0.04 0.08 0.13
; . : : : 600 . . . . , 600F—— - : : :
400} 400} 400}
= 200} 200+ 200F
< 5 3
R 0 = of = O
-200} -200% —200¢
PRC-NSI1
—400} 1/h=1.5 —4001 -400¢
t=8 mm L
-600 L L L L N ~600 N . L N . -600 N , X X N
-60 -40 -20 0 20 40 60 -60 -40 -20 O 20 40 60 -60 -40 -20 0 20 40 60
Vi #%/mm i #%/mm i #%/mm
(a) KFPRC-NS1 (b) i#{fFPRC-S2 (c) R{FPRC-S3

7 Bk g
Fig.7 Hysteretic curves of specimens

32 BREMZK%

8 e 3 4l 45 T 4R A B R i 2 AR IE i iR 25 5, nT AA I A R 4598

1) X Fei B 2R th £ A5 31 3014 PRC-S2 A% 5114 PRC-NST B 1E 1] W4 (B fof 25 38 K 24 10.76% , J [ g
BT B3GR 11.54% , HR B4R IS AE R BB T 20 2 5 T BB AR JL-F AR ] 3 12 3k 310 8 IR o B it
PRC-NSI1 1E i [a] i 25652 /530 1/24 F101/28 144 PRC-S2 Ry 1/24 Fi1 1725, UtH] RC BEAR B9 S %t T
FE G G A R RS AN K



ER R ), &5 i B AT AR R AR 1 PRC I B pTRE M R IR B9 58 S8 (B3 B 55

2) 10 PRC-S3 15 PRC-S2 HUHEEEA AR , U8 BIAS 17 A R AU 20T 322 524 B 119 44 Tk 2 57 AN 5 N i A
BRI 7 R F PRC-S3 Y 1E M I E T4 L PRC-NS1 il PRC-S2 43 42Tt T 31% 1 18% , S 1] 43 5] 2
THT 28%F1 22% .,

3) HAHE RC BEHR PRC JERAEVE R B TR HEIR PRC FE 3, ORI A B MS 52 ), it
RC MR 34 B2 1 44 SCHY T L o Tl pe Al 3 3, R A A 2R AT T AN A e 2% 5 L, i 09 790 AT S R 7R A
PRC i B AEVE Ll 838 RC M 3247

BXEE SR frad 2% ff /rad
60_00. 13 -0.08 -0.04 0.00 0.04 0.08 0.13 -0.13 -0.08 -0.04 0.00 0.04 008 0.13
: ; : : . cool
400+
400
. 200+ 200l
= z
= O < ok
= =
-200} = —200F
-400+ —=— PRC-NS1 —400 —e— PRC-S2
—e— PRC-S2 —4—PRC-S3
-600}- —600}
60 40 20 0 20 40 &0 60 <40 =20 0 20 40 60
1 F%/mm {3 F%/mm
(a) tEtfEH (b) RREEHIEA

B8 HiXFERME
Fig.8 Skeleton curves of specimens

®3 FHEAREERRABEERY

Table 3 Characteristic point test results and displacement ductility coefficients
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Fig. 10  Comparison of cumulative energy consumption curves
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Table 5 Cumulative energy consumption at each stage
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