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Flexural performance of recycled aggregate concrete composite slabs
with closed profiled steel decking
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Abstract: Recycled aggregate concrete (RAC) composite slabs with closed-profiled steel decking not only take full
advantages of composite slabs, but also realize the reuse of waste concrete. In this work, flexural tests on this novel
composite slabs with different coarse recycled aggregate ( CRA) replacement rates were carried out. The failure
modes, load-displacement curves and strain development at the mid-span were investigated. Afterwards, a finite
element model of the composite slabs was established, and the effects of CRA replacement rate, clear span and
thickness of steel decking on the flexural capacity were analyzed. Finally, based on the experimental results and
finite element parameter analysis, a calculation formula for the flexural capacity of the new composite slab under
positive flexural conditions was proposed. Results indicated that the degree of upward shift of the neutral axis
decreases with increasing CRA replacement rate during the whole bending process. The composite slabs with
different CRA replacement rates mainly exhibits bending failure. The flexural capacity of recycled concrete
composite slabs is 6.6% to 8.9% lower than that of normal concrete slabs. A simplified calculation formula that
considers partial plastic development of the steel section and the influence of recycled aggregate replacement rate
can effectively predict the bending capacity of the composite slabs.
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Fig.1 Diagram of composite slab
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Fig.2  Cross-section of composite slab
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Tab.1 Parameters of the specimens

Vs e " N VR L IR o
PUMTRRET B LA A d6@ 150 WM A, we ‘ AN
mm X mm X mm mm r/ %
PRAPZ R S 20. 0 mm, AT AR E & DA 1w 89 77 ” - . s
ZHA BT DL 2 IS RSB E 1, < '
. s -50 3 800 x510 x 115 3 600 50 12.7
1.2 RIewrat
N S-100 3 600 100 12.7
e GB/T 228. 1—2021") It J 4R 4 14
*2 FEERNEBESEERIFIER
Tab.2 Characteristics of cross-section and mechanical properties of steel
JERLEAR WE, IR, I L A Je ISR EE f,/ [ildi W BRSRBE £,/ fifi K%
PE=) m mm? mm* BhASE B/ mm MPa E./GPa MPa A/ %
DW65-510 1.0 1062.4 628 575 21.0 316.1 198.6 376.3 33.6
®3 BEREIBEILSHZER
Tab.3 Mixture proportions and compressive properties of RAC
) K/ K/ (2% TR R, EAHE R WK/ Seuies” E. s/
B3] /% '
(kg-m™%) (kg-m™%) (kg-m™%) (kg-m~?) (kg-m~?) (kg-m~?) MPa MPa
RAC-O 180.0 383.0 672.7 1195.9 — 0.38 0 55.6 35 743
RAC-50 180.0 383.0 653.0 580.5 580.5 0.38 50 55.6 29 631
RAC-100 180.0 383.0 634.5 — 1128.0 0.38 100 50.4 24 660

T oo M E o 770330 100 mm 375 AR EURES 2 R (B3 I0129 120 d) BOBTIEIREE RIS A 4
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Fig.6 Load versus mid-span deflection curves
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Tab.4 Test results of flexural capacity and deflection

RIS P./kN D_./mm P,/kN D,/mm P,/kN P00/ kN P./P, P/P, WA
S0 5.64 2.56 28.33 29.21 40.55 16.10 0.14 0.70 EYiiifnan
S-50 5.53 2.41 27.93 29.32 39.52 16.82 0.14 0.74 25 R
$-100 4.14 2.01 27.43 33.39 38.40 20.32 0.11 0.87 ETEN
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Fig.7 Load versus strain curves of slabs
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Fig.8 Strain distribution along cross-section height at the mid-span
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Fig. 10 Comparison of test and FE results
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Tab.5 Parameters of slabs and calculation results

. W/ 1 o My g/ M,/
mm  mm % (kNem)  (kNem)
$-0-08-3000 0.8 3000 O 23.9 23.5
$-0-08-3600 0.8 3600 O 18.8 18.3
$-0-08-4200 0.8 4200 0 18.7 17.6
$-009-3000 0.9 3000 O 26.7 26.2
$-0-09-3600 0.9 3600 O 21.3 20.4
$-0-09-4200 0.9 4200 0 21.2 19.6
$-0-10-3000 1.0 3000 0O 29.4 28.8
$-0-10-3600 1.0 3600 0O 23.9 2.5
$-0-10-4200 1.0 4200 0 23.7 21.6
$-0-12-3000 1.2 3000 0 34.1 33.9
$-0-12-3600 1.2 3600 0 27.8 26.4
$-0-12-4200 1.2 4200 0 26.8 25.4
$-50-08-3000 0.8 3000 50 23.6 21.6
$-50-08-3600 0.8 3600 50 18.6 16.9
$-50-08-4200 0.8 4200 50 17.7 16.2
$-50-09-3000 0.9 3000 50 26.2 24.1
$-50-09-3600 0.9 3600 50 20.6 18.8
$-50-09-4200 0.9 4200 50 20.2 18.1
$-50-10-3000 1.0 3000 50 29.6 26.5
$-50-10-3600 1.0 3600 50 23.2 20.7
$-50-10-4200 1.0 4200 50 23.0 19.9
$-50-12-3000 1.2 3000 50 33.2 31.2
$-50-12-3600 1.2 3600 50 27.6 24.4
$-50-12-4200 1.2 4200 50 27.2 23.4
$-100-08-3000 0.8 3000 100 23.6 20.0
S-100-08-3600 0.8 3600 100 17.7 15.6
$-100-084200 0.8 4200 100 17.4 15.0
$-100-09-3000 0.9 3000 100 25.2 2.2
$-100-09-3600 0.9 3600 100 20.2 17.4
$-100-094200 0.9 4200 100 19.8 16.7
$-100-10-3000 1.0 3000 100 26.7 24.5
$-100-10-3600 1.0 3600 100 22.0 19.1
$-100-10-4200 1.0 4200 100 21.9 18.4
$-100-12-3000 1.2 3000 100 30.7 28.8
$-100-12-3600 1.2 3600 100 26.3 2.5
$-100-124200 1.2 4200 100 25.7 21.6
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Tab.6 Calculated results of flexural capacity kN « m
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Fig. 18  Comparison between results from formula prediction
and FE
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