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Multiple parameter analysis of bearing behavior of composite beams-
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Abstract: A discrete interfacial bonding element(BS1) was developed using the User Element (UEL) interface in
ABAQUS, ant it’s capable of automatically calculating element length based on a specified bond-slip
relationship. Numerical simulations of beam-cast-in-place column subassemblages were carried out using the
simplified Eligehausen bond-slip constitutive model. The results were consistent with experimental data. The BS1

element demonstrated a 25% improvement in computational efficiency due to its automatic length calculating
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feature. A total of 30 finite element models of PC beam-column subassemblages were established for multi-
parameter analysis, considering variables such as the thickness of the cast-in-place layer, the slab width of T-
composite beams, and the direction of load application. Results show that subassemblages with 90° hooked bars
and headed bars exhibit nearly equivalent bearing capacities, though the ductility index differs by 12% , favoring
the 90° hooked bar. The slab width specified in Chinese design codes proved more reliable for bearing capacity
performance than those in foreign codes. Furthermore, changes in load directions result in a 12% variation of
bearing capacity and a 55% difference in deformation capacity, highlighting the need for further investigation.
This study provides valuable insights and reliable references for the numerical analysis of prefabricated concrete
structures considering bond-slip effects.

Keywords: interface element; composite beam-cast-in-place column subassemblages; bond slip; anchorage type of

reinforcement; multi-parameter analysis
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Table 1 Parameters of simplified bond-slip model

=t 7/MPa s/mm =t 7/MPa s/mm
LR A 4 0.1°4(20 — d/4) ./ £)/30 0.1,//1/30 WGBS C (20 - d/4) /11730 0.003
WA BEUG & B (20 - d/4)./ 1130 /11130 BRARED (5.5 - 0.78/H) ./ f!/27.6 0.01
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Fig. 7 Dimension and details of specimen PC-0-B(unit:mm)

B E BS1 M ICAE PCHE LS5 447 FROTAE UL rp 1) T A7 P8, AR 4 PC-0-B A7 IROTAE AL . X £ 4 v O FE A
PF, o A il 6 v i 5 A% PR I BE AT G BT AL AR B, DU A 20 A, 1R E R ] C3DSR S 1A Hio0 , CDP A R 28 4
RN 3 7S o A v A 9 A A SR vl R I A 57 4 SR P 25 i 1 1) S P S R 2k B T (B T3D2 A7 28 BT A B3 1
GEEATT) 5 BT AR BBE b MR R 2 40 mm, BAIT AR SR 3R R AT 12.5 mm,



%3 REE, 5 XRBERBYRYG

=

B IR AE T M R B AL S AT 99

x2 RELSREHHREN

Table 2 Concrete and steel material properties

ok f,/MPa f,/MPa Al% Soun/MPa
o) 4t — — — 37.4
BB A — — — 34.2
A8 ) 390 561 28.3 —
C20(#F) 476 602 23.0 —
C20() 482 625 21.0 —
C18(%) 503 622 233 —
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Table 3 CDP model plastic parameters
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Fig. 10 Mise stress distribution of bars and damage cloud of composite beams-cast-in-place column subassemblages
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Fig. 13 Load-displacement of different interface element sizes
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Table 4 Computational characteristic values of PC models under different parameters

L P /kN 4 /mm P, /kN 4, /mm u P XA wHISHE
PC-N-CT60 122.69 29.67 140.73 180.00 6.07 0.98 1.25
PC-N-CT80 126.06 27.38 144.07 135.96 4.85 1.00(1.01) 1.00(0.87)
PC-N-CT100 123.29 23.86 137.78 140.90 5.91 0.95 1.22
PC-N-CT120 125.22 25.34 139.22 167.47 6.52 0.97 1.34
PC-H-CT60 123.18 25.47 140.13 200.90 7.79 0.99 1.38

PC-H-CT80 123.88 30.50 142.12 172.91 5.65 1.00° 1.00°
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gk4
LAY P /kN 4 /mm P_/kN A _/mm u P_AHXTE W AHXTAE
PC-H-CT100 119.63 23.97 133.71 167.11 6.97 0.94 1.23
PC-H-CT120 122.30 29.11 135.48 172.69 5.93 0.95 1.05
PC-A-CT60 127.75 25.66 141.65 169.82 6.54 0.99 1.49
PC-A-CT80 124.04 29.34 142.77 131.58 4.40 1.00(1.00) 1.00(0.79)
PC-A-CT100 119.72 22.02 133.48 160.62 7.29 0.93 1.66
PC-A-CT120 119.15 24.39 137.64 134.75 5.52 0.96 1.25
PC-N-TW990 159.54 28.73 177.48 153.43 5.34 0.98 1.05
PC-N-TW 1160 165.55 31.88 180.55 161.56 5.07 1.00(0.94) 1.00(1.19)
PC-N-TW 1280 163.22 28.70 180.87 149.72 5.22 1.00 1.03
PC-N-TW 1350 164.28 28.51 181.10 142.77 5.01 1.00 0.99
PC-H-TW990 170.09 48.87 196.48 204.79 4.06 1.02 0.95
PC-H-TW 1160 172.61 42.14 193.03 183.96 4.26 1.00° 1.00°
PC-H-TW 1280 173.68 39.18 183.88 186.23 4.61 0.95 1.08
PC-H-TW 1350 175.10 40.13 194.09 179.95 4.48 1.00 1.05
PC-A-TW990 170.02 36.17 188.44 169.13 4.67 0.96 1.15
PC-A-TW1160 172.41 44.52 195.84 180.90 4.06 1.00(1.01) 1.00(0.95)
PC-A-TW1280 173.16 36.62 192.51 174.23 4.76 0.98 1.17
PC-A-TW 1350 173.72 38.90 193.88 174.72 4.49 0.99 1.11
PC-N-FU 98.21 24.39 121.29 64.54 2.48 0.84 0.51
PC-N-FD 126.06 27.38 144.07 135.96 4.85 1.00(1.01) 1.00(0.86)
PC-H-FU 97.02 26.26 120.71 72.75 2.56 0.85 0.45
PC-H-FD 123.88 30.50 142.12 172.91 5.65 1.00° 1.00°
PC-A-FU 97.70 24.46 121.46 64.58 2.54 0.85 0.58
PC-A-FD 124.04 29.34 142.77 131.58 4.40 1.00(1.00) 1.00(0.78)
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Fig. 14 Load-displacement under different parameters
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