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Fig.1 Physical and chemical properties of raw materials.
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Tab.3 Concrete mix proportion design

kg'm?

IR K Ke VBB KRR R REME R MR RIRIRIKH
ROCSAO0 180 450 0 590 1108 0 0.9
ROCSAS 180 427.5 22.5 590 1108 0 0.9
ROCSA10 180 405 45 590 1108 0 0.9
R50CSA0 180 450 0 590 554 554 1.8
R50CSA5S 180 427.5 22.5 590 554 554 1.8
R50CSA10 180 405 45 590 554 554 1.8
R100CSA0 180 450 0 590 0 1108 2.7
R100CSAS 180 427.5 22.5 590 0 1108 2.7
R100CSA10 180 405 45 590 0 1108 2.7
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Fig.2 Quantity and distribution of micron- and millimeter-scale pores based on X-CT
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Fig.3 T relaxation spectra and nano-scale pore size distribution based on LF-NMR
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Fig.4 3D reconstruction and central cross-sectional CT images of the specimens
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Fig.5 Statistical characteristics of pore volume
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Fig.6 Violin plots with box lines for pore sphericity values
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Tab.4 Comparison of detailed box plot parameters for each test group

R AH Q3+1.5xIQR Q3 Q2 Ql Q1-1.5xIQR IQR
ROCSA0 0.806 0.806 0.768 0.707 0.559 0.099
ROCSA5 0.806 0.806 0.768 0.665 0.455 0.141
ROCSA10 0.806 0.806 0.768 0.633 0.374 0.173
R50CSA0 0.806 0.806 0.768 0.665 0.454 0.141
R50CSA5 0.806 0.806 0.768 0.665 0.455 0.141
R50CSA10 0.806 0.806 0.718 0.609 0.314 0.197
R100CSA0 0.806 0.806 0.768 0.707 0.559 0.099
R100CSAS 0.806 0.806 0.768 0.665 0.454 0.141
R100CSA10 0.806 0.806 0.726 0.614 0.327 0.192
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Tab.5 Fractal dimension of nano-pores for each test group

RI6 2 TEAL EAL HHEAL ZEL
ROCSAO 0.735 2.662 2.908 2.973
ROCSAS 0.800 2.684 2.939 2.976
ROCSAI10 0.715 2.664 2917 2.974
R50CSA0 0.695 2.601 2.890 2.967
R50CSAS 0.604 2.581 2.872 2.965
R50CSAI10 0.578 2.616 2.884 2.966
R100CSA0 0.604 2.507 2.816 2.968
R100CSAS 0.781 2.528 2.817 2.967
R100CSA10 0.473 2.519 2.840 2.968
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Fig.7 Fitting curves for the fractal dimension of nano-pores
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Fig.8 Influence of PP-CSA content and RCA replacement rate on the mechanical properties of concrete
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Fig.9 SEM images of hydration products
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Abstract: [ Objective]To investigate the influence of power plant corn stalk ash (PP-CSA) on the full-scale pore structure

and mechanical properties of recycled aggregate concrete (RAC), and to determine its optimal application conditions, so as



to improve the resource utilization value of agricultural waste and the performance of RAC. [ Methods] X-ray computed
tomography (X-CT) and low-field nuclear magnetic resonance (LF-NMR) were used for non-destructive testing of power
plant corn stalk ash modified recycled aggregate concrete (PPCSA-RAC). The evolution laws of mechanical properties,
porosity, pore size distribution, pore volume, pore sphericity and fractal dimension of specimens under the coupling effect
of different PP-CSA contents (0%, 5%, 10%) and recycled coarse aggregate (RCA) replacement ratios (0%, 50%, 100%)
were studied. [ Results 1 The improvement effect of PP-CSA on RAC performance was closely related to the RCA
replacement ratio.At 50% RCA replacement ratio, adding 10% PP-CSA could effectively reduce the total porosity, refine
harmless nanoscale pores, and significantly increase the compressive strength by up to 16.9%.In natural aggregate (0%
RCA) or fully recycled aggregate (100% RCA) systems, 10% PP-CSA increased the proportion of harmful micron-scale
and millimeter-scale pores, made the pore shape more irregular, and led to the degradation of mechanical properties, with
the maximum decreases in compressive and flexural strength being 5.2% and 11.9% respectively.PP-CSA could improve
the uniformity of micron-scale pores in natural aggregate concrete, but aggravated the discreteness of pore distribution in
fully recycled aggregate concrete.Power plant corn stalk ash achieved the best modification effect at 50% recycled coarse
aggregate replacement ratio, effectively optimizing the pore structure and improving mechanical properties. [ Conclusion]
This study provides a theoretical basis for the accurate and efficient application of PP-CSA as a supplementary
cementitious material, and is of great significance for broadening the utilization ways of solid waste resources and
promoting the low-carbon development of concrete materials.
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