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Abstract: Annually, Guangxi Hezhou generates over ten million tons of marble processing waste powder, whose open-air
accumulation has precipitated environmental crises including particulate pollution, soil acidification, and groundwater
contamination, posing severe threats to regional ecosystems and public health. Addressing the dual imperatives of solid waste
valorization and green building material transition under China's "Dual Carbon" strategy, this study investigates six mortar
groups prepared through equal mass substitution of cement with marble waste powder (0%, 5%, 10%, 15%, 20%, 25%),
systematically examining its impacts on mortar workability (consistency, flow spread), density, and mechanical properties (3d,
7d, 14d, 28d compressive and flexural strengths). Experimental findings reveal that increasing waste powder content
significantly enhances mortar fluidity while inducing a non-linear decline in mechanical performance: at 25% substitution,
consistency and flow spread reached 8.93 cm and 24.37 cm respectively, representing 157.3% and 34.3% improvements over
the control group (0% content); at 28-day curing, compressive and flexural strengths decreased by 50% and 34.8%
respectively compared to the baseline. The optimal substitution range of 5%-10% achieves synergistic optimization by
balancing workability enhancement (elevated consistency and flow spread), mechanical strength retention, and avoidance of
high-content cementitious defects, thereby reconciling waste recycling objectives with performance optimization in cement
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mortar applications.
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Table 1 Mix Proportions
e R 7Klg Kielg KA EHRY fiblg FmBE (%)
SJ 6 10 0 25 0
DFSJ5 6 9.5 0.5 25 5
SFSJ10 6 9 1 25 10
DFSJ15 6 8.5 15 25 15
DFSJ20 6 8 2 25 20
DFSJ25 6 7.5 25 25 25
13 RHHIE
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WOI oy PR UCE AR HE RS, R 4 2R3 T2 S0, R RIS R R K H LR E <0k
o 2 24 /NETEE IR S IEL, KR E TARMEFRY = GIREE 2042 °C. FHXHERE>95%) H 43 il 37
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Fig. 2 Mortar consistency tester Fig. 3 Cement mortar flow table tester
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Fig. 4 Cement flexural and compressive strength testing machine
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Table 2 Consistency test data

(Lo e EHBE (% A (cm) 4% (em) FE=A (em) FEIE Cem)
SJ 0 3.7 34 3.3 3.47
DFSJ5 5 7.3 4.3 5.2 5.60
DFSJ10 10 6.5 6.6 6.0 6.37
DFSJ15 15 9.0 8.9 7.1 8.33
DFSJ20 20 7.0 7.5 / 7.25
DFSJ25 25 7.6 9.7 9.5 8.93

WIE 5 Al WL, 4R RFHB BN 0% 2 25%0, #0 3 AR i 3.47 cm R HTTE 8.93 cm,
HMRIA 157.3%, SIAELIER KBS . 20%5 875 NI 13.0% (8.33—57.25 cm) , 25%#B & K
BRTF 23.2% (7.25—8.93 cm) o HHERY, KB EFREHIE 15% LA LAFERAIMER TS T2
e

BE 5% HE 581 61.4% (3.47—5.60 cm) , 5%-15%H 3 2% (5.60—8.33 cm) X &Ky
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Fig. 5 Line Chart of the Effect of Waste Powder Content on Mortar Consistency
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Table 3 Expansion Test Data
e TR BB E (%) F—H& Cem) FH Cem) F=4 (em) PEIME (em)
SJ 0 19.54 16.20 18.67 18.14
DFSJ5 5 21.04 2151 18.29 20.28
DFSJ10 10 22.60 21.75 20.75 21.70
DFSJ15 15 22.87 23.08 22.86 22.94
DFSJ20 20 22.55 22.79 23.67 23.00
DFSJ25 25 24.64 23.37 25.10 24.37

gk 3 FIE 6 n L, BEE KA RS RN, R RE 2SI ERTHE . A (S,
0%BE) ¥R FIME N 18.14 cm, 155 5%It (DFSJIS 41) ¥ /@ 1 % 20.28 cm, H4iE 11.8%; 5
BB E 10% (DFSJ10 40) B, ¥ EEIA 21.70 cm, AR T 19.6%. HAEZENEZ, B
2 15%-25% P BLy R FE G ik, DFSJ15 49 g fE K 22.94 cm (+26.5%) , DFSJ20 44 23.00 cm
(+26.8%) , TM#EHE 25%M (DFSJ25 ) 9 @RI & 24.37 cm, BUEEHEAINIEIA 34.3%.

ST LIS, T LASE & A K VR RS S sh 1 B B S i B R IR R AR K SR R . 72K
TP AR R b I NSRS B AR N 5, HRORL IR 45 N 2x SEAMID 7 5 7K e 2 18 R 2T 23 B
IR AR RS A AR R 85 S, DRS040 A3 R 18] A0 2 (R 7K 2345 DURE IR IR, PRk )k
SRR, RN 5KV IR & A BT AN, i UL 2 BT, A A 5B UL ) e
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Fig. 6 Bar Chart of the Effect of Waste Powder Content on Mortar Expansion
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Table 4 Density Test Data

R PERHB R (%) W3 (kgim®) HEAR (%)
S 0 2032.50 0.00
DFSJ5 5 2049.00 +0.81
FDSJ10 10 1830.00 -9.96
DFSJ15 15 1988.00 -2.19
DFSJ20 20 2007.67 -1.22
DFSJ25 25 1975.50 -2.81

N3 4 RIGHIETT W, 4RI P58 M 0% 5 2590 ], b3 25 B LA i s ahita 3 . 3
HEAL (S, 0%IBHE) 25 2032.50 kg/m®, 5%15 & % /Mg E T+ 2049.00 kg/m® (+0.81%) ,
10%35 &5 T2 1830.00 kg/m® (-9.96%) , B Ji5iZ 5 81 TH 4 15%45 ) 1988.00 kg/m® (-2.19%) -
20%35 5 1) 2007.67 kg/m® (-1.22%) , #x#& 25%35 &N 1975.50 kg/m® (-2.81%) .

BEE KA A BRI, B3 2R BRI — TP B RSB R E AR
AR . fEARB R B (0%-5%) , B ANEURLE i R R 7 AR A K e SRP PRI, Ik
DALBRER, 8 B MIERELL R 2032.50 kg/m® /MIEHETEE 2049.00 kg/m® (+0.81%) . HBEME 10%
i, PR KU AR S BUKALF= YA AN, 02 R v L 2 T AR B 1 Eh 7K 5] % Sz B /K e Bl P
1%, PRSI AE e R B G R R 2, [ 3% T A Z 1830.00 kg/m®. T JEEBEAE
10%-20%Wr U, [FIRERT LASE & R 7200 0 /K YB3 Ak AR B0 SR A AR AR L R R . 58
FAL, RMAERD I TR P B B, BEE BRI K, ST 8 R (i S R, HL
R e UTRR I I TS K YR RD 3 PR (IR AN FLA%, 13D IR B B A [ T
24 PUEEE

PR 5 FE MRS R W 7 Frow:
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Fig. 7 Compressive Strength Values of Different Mix Proportions at 3d, 7d, 14d, and 28d
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Fig. 8 Flexural Strength Values of Different Mix Proportions at 7d, 14d, and 28d
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