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Experimental study on seismic ductility performance of
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Abstract; Traditional partially encased composite(PEC) beams usually adopt straight web plates, however, such
web plates exhibit lower shear carrying capacity and lack mechanical interlock with concrete, which hinders their
collaborative performance. To address the adverse effects of straight web plates, this study proposes the utilization of
corrugated web plates as a cross-sectional replacement, leading to a novel corrugated web PEC beam. Through low-
cycle repeated loading tests, the seismic ductility performance of the corrugated web plate PEC beam under
earthquake loads was analyzed. The influence of flange thickness and shear-span ratio on the load-bearing capacity,
failure mode, deformation capacity, hysteresis energy dissipation capacity, and stiffness degradation of the
sinusoidal corrugated web PEC beam were investigated. The research demonstrated that a properly designed
corrugated web plate PEC beam exhibited favorable load-bearing capacity and seismic ductility performance. The
shear-span ratio significantly affects the failure mode and ductility of the beam, while increase the flange thickness
effectively and enhances the load-bearing capacity of section. However, excessively thick flanges can impact the
collaborative performance between the steel section and concrete. In this experiment, specimens with smaller flange
thickness and larger shear-span ratios demonstrated high compatibility between the steel section and concrete,

resulting in full utilization of their ductility and energy dissipation capacity.
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Table 1 Design parameters of corrugated web PEC beam specimens

MRS MR REGE HE PUERES  pLEK

G5 RK/mmo RE/mm R/ mm 1y, Jom i BRSO ONL) AN TR/ %
L-8-2 1000 400 100 2.5 153.6 8 5.625 2 95.65 146.66 6.4
L-6-2 1000 400 100 2.5 155.2 6 7.5 2 72.1 146.66 5.4
L-8-4 1800 400 100 2.5 153.6 8 5.625 4 95.65 146.66 6.4
L-6-4 1800 400 100 2.5 155.2 6 7.5 4 72.1 146.66 5.4
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Table 2 Measured compressive strength of concrete cube

R M o MR e wm /MPe
it 1-1 502.2 22.3 23.60 5.83 1.179 14.9 15.8 26 624
1-2 553.3 24.6 4.07 16.5 27 697
1-3 538.8 23.9 1.26 16.0 27 383
A 2-1 611.6 27.2 27.77 3.68 1.941 18.2 18.6 28 771
22 586.7 26.1 6.40 17.5 28 333
2-3 673.9 30.0 7.43 20.1 29791
x3 WHAMIRIEER
Table 3 Tensile test results of steel
TR 7 JELEE (EAE)/mm JERBRE £,/ MPa W PRSRE £,/ MPa MR E / MPa

MR 2.5 347.05 473.54 269 639

HGM 6.0 356.99 488.86 233 630

8.0 352.84 487.35 227092

TR 10.0 401.50 518.33 214013

ESi e 14.0 433.81 568.77 205 440

i 4.0 816.43 904.5 240 570

8.0 458.76 584.99 219 878
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Fig.2 Specimen loading diagram
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Table 4 Load displacement curve feature points and failure characteristics

TRBEE A AR i e B A
1R W IRFRAE
fi#/mm /KN i /mm mE/KN AiA/mm far#/kN

7 i K448 Y0 0.20 mm, Jb e K Z44£0.25 mm,

1.-8-2 -5.59 -80.0 -5.59 -80.0 27.95 134.10 LT P R L R

R LT A 5 BEH 3.0 mm, W0GE 4 tH BB
1-6-2 -2.61 -32.8 7.37 78.2 29.48 104.70 ﬂ%,ﬁﬂﬁ%ﬁﬁ@ﬂ,jtﬁﬁm“ﬁ?%@iﬁﬁ

LT I R EE TE 4 5°h 2.6 mm A1 3.2 mm, AR
L84 =655 -182  -1267 440 - T R F R AR R B AR T 2
L-6-4 5.53 30.0 12.10 33.1 48.40 56.88 ﬁ}%ﬁ@ﬁ%m%,{E@ii%ﬂ%,#{#ﬁﬁ%“%@"?g,
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Fig.3 Final failure pattern and crack distribution of each component
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Fig.4 Load-deflection angle curves of specimens
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Fig.5 Comparison of hysteresis loops of component feature
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Table 5  Ductility coefficient of specimens
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Fig.8 Schematic diagram of energy dissipation coefficient calculation
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Fig.9 Damping coefficient curves
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Fig. 10 Comparison of stiffness degradation of each component
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