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The production of sustainable and high-performance concrete has become a global necessity Received: Sep 3, 2025
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associated with cement manufacturing and natural aggregate extraction. In this research, self- Accepted: Jan 27, 2026

compacting concrete (SCC) was developed by partially substituting natural sand with stone-
cutting sludge derived from marble, granite, and travertine at three replacement levels: 10%, ]
15%, and 20%. A low-cement ternary binder system was adopted, consisting of 85% ground Self-compacting concrete
granulated blast furnace slag (GGBFS), 10% ordinary Portland cement (OPC), and 5% hydrated ~(SCC)

lime, to drastically reduce cement consumption and CO: emissions while maintaining adequate  gigne sludge; Low-cement
mechanical strength. The experimental program included both fresh and hardened concrete tests.  pinder

Fresh properties such as slump flow diameter, Tso time, V-funnel flow, and segregation

resistance were assessed to evaluate workability, viscosity, and stability in line with EFNARC ~ Ground granulated blast
guidelines. Hardened properties included compressive and flexural strength at 7 and 28 days. In  furnace slag (GGBFS)
addition to mechanical and rheological testing, durability aspects such as resistance t0 | ife cycle assessment
segregation and cohesion were qualitatively assessed. Life cycle assessment (LCA) was also (LCA)

conducted to quantify the environmental benefits of the proposed mixtures compared with

conventional SCC made with OPC. By linking laboratory-scale performance with broader

sustainability indicators, the study provides an integrated evaluation of technical feasibility and

environmental compatibility. Results showed that 10% replacement of sand with any type of

stone sludge, especially marble, enhanced flowability and viscosity while significantly improving

resistance to segregation without increasing the dosage of superplasticizer. At 15% and 20%

replacement levels, marble and travertine sludge maintained acceptable rheological and

mechanical behavior, whereas granite sludge exhibited a negative influence, reducing workability

and mechanical strength at higher dosages. The optimum replacement level was found at 10%,

which yielded up to 5.9% improvement in compressive strength over the control. Flexural

strength was unaffected at 10% and even increased with marble sludge, but noticeable reductions

occurred at 15% and 20%, with marble again showing the least adverse effect compared to

granite and travertine. From an environmental perspective, the use of the ternary binder

drastically reduced the global warming potential (GWP), energy demand, and acidification

potential relative to OPC-based SCC. The LCA results indicated that GWP decreased by as much

as 71.9% compared to conventional mixtures. Moreover, replacing sand with stone sludge

contributes directly to the circular economy by diverting industrial waste from landfills and

natural water bodies, thereby reducing pollution and ecological degradation. Beyond numerical

reductions in environmental indicators, the valorization of stone sludge alleviates waste disposal

challenges, minimizes dust and runoff contamination, and preserves limited natural sand

resources. These broader sustainability impacts demonstrate that the benefits of stone sludge

utilization extend beyond concrete performance and can influence waste management strategies

at the industrial scale. Overall, the study demonstrates that the synergy between partial sand

substitution with marble, granite, and travertine sludge and the adoption of a low-cement ternary

binder offers a promising pathway toward eco-efficient SCC. This approach not only enhances

certain rheological and mechanical properties but also provides substantial environmental and

economic benefits, making it a viable strategy for future sustainable construction practices.
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Fig. 1. Stone sludge of marble, travertine and granite
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Table 1. Chemical specifications of materialsChemical

composition (% by mass) CaO SiO, AlL,O; Fe,0O; MgO SO; Na,O K,O LOI
GGBFS 376 358 133 1 9 2.4 0.4 05 376
OPC 61 21.9 55 3.4 2.3 2.3 0.3 0.6 -
Lol ys 5 awle gladls o5l c)}_? Y Jga
Table 2. Particle size distribution of sand and coarse aggregate.
Sieve size (mm) 125 95 475 236 118 0.6 03 0.15
Percentage passing by mass (%) (sand) - - 100 88.65 57.15 33.88 1538 4.50

Percentage passing by mass (%) (coarse aggregate)

95.80 42.28 0.65 0 - - - -

100 < -
90 ........... GGBFS
— -+ OPC

% 80 '. “.“
®© K —_——
£ . \ - marble sludge powder
2 . I e o o e o I R granite sludge powder
2 60
3 travertine sludge powder
8 50
[<5]
&
= 40
(b}
2
o 30
[a

20

10 -

e
0 T T T —=
1 0.1 0.01 0.001 0.0001

Sieve size (mm)

th<...«: u,>u§ E) a)l._‘jw sQLA?.« é.l.uﬁbl.) fm Al JS-:#
Fig. 2. Particle size distribution of hydrated lime, GGBFS, and stone sludge powders
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Table 3. Mixture proportions

Materials (kg/m3)

Mixture Slag Cement Hydratedlime Water Sand Stonesludge Coarse aggregate Superplasticizer
CTRL 3825 45 225 166.5 1150 0 600 4.05
M10 382.5 45 225 166.5 1035 115 600 4.05
M15 382.5 45 225 166.5 9775 1725 600 4.61
M20 3825 45 225 166.5 920 230 600 4.74
G10 3825 45 225 166.5 1035 115 600 4.05
G15 3825 45 225 166.5 9775 1725 600 461
G20 3825 45 225 166.5 920 230 600 4.74
T10 382.5 45 225 166.5 1035 115 600 4.05
T15 382.5 45 225 166.5 9775 1725 600 4.61
T20 3825 45 225 166.5 920 230 600 4.74
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(EFNARC 2002)
Table 4. Recommended Ranges for Fresh SCC Properties
(According to EFNARC 2002)

Test Evaluated Recommended
Method Property Range
Slump Flow Filling ability 650-800 mm
Tse0 Time Viscosity/flow rate 2-5 seconds
V-Funnel Flowability/viscosity ~ 6-12 seconds

V-Funnel after 5 min (AT) Segregation resistance <3 seconds
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Table 5. Fresh concrete experiment results

Mixture  Slump flow (mm)  Tsg (S)

V (s) V5min (s) AV (s)

CTRL 660 + 2 4.9+ 0.10
M10 710+1 2.7+£0.07
M15 725+%2 2.8+0.07
M20 720+1 2.9+0.08
G10 700+3 3.1+ 0.06
G15 660 + 2 4.7+ 0.07
G20 640+ 1 5.1+ 0.09
T10 705+1 2.8+0.07
T15 690 £ 3 3.3£0.05
T20 685+ 2 3.5£0.05

11.38+0.18 12.48+0.16 11
719+011 7.36+0.13 0.17
7.13+0.10 7.41+0.15 0.28
7.3+0.14 7.58+0.11 0.28
759+0.16 7.98+0.14 0.39
11.1+0.18 13.02+0.17 192
13.12+0.15 14.92+0.17 1.8
6.93+0.10 7.12+0.12 0.19
8.21+0.12 9.33+0.11 1.12
8.63+0.13 9.76+0.15 1.13
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Table 6. Compressive strength of specimens

28-day Compressive Strength (MPa)

7-day Compressive Strength (MPa)

Mix designs

Samples Mean SD Samples Mean SD
CRTL 384 39.9 408 397 099 21 22.1 225 219 0.63
M10 40.6 41.9 435 42 119 225 23 239 231 058
M15 40.1 41.1 424 412 094 226 234 236 232 043
M20 38.4 39.3 408 395 099 209 21.6 223 216 057
G10 404 41.7 43 417 1.06 215 223 229 222 057
G15 38.9 39.8 41 399 086 213 22.2 222 219 042
G20 374 38.4 40 386 1.07 202 211 217 210 0.62
T10 40.3 422 432 419 12 23 23.2 243 235 057
T15 39.7 41 423 41 106 222 229 235 229 053
T20 38 39.6 409 395 119 211 22 226 219 0.62
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Table 7. Flexural strength of specimens

Mix designs 28-day Flexural Strength (MPa)
Samples Mean SD
CRTL 5.34 5.47 551 544 0.07
M10 5.45 5.60 560 555 0.07
M15 5.10 521 532 521 0.09
M20 4.90 4.93 502 495 0.05
G10 5.20 5.28 533 527 0.05
G15 471 4.84 485 480 0.06
G20 4.30 4.47 449 442 0.09
T10 5.20 5.30 534 528 0.06
T15 4.83 4.90 497 490 0.06
T20 4.44 4.50 459 451 0.06
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Table 8: Mix Design Proportions per 1 m3 of SCC.

Mixture Cement Water Coarse aggregate Sand Superplasticizer ¢ (MPa)
SCC400 400 160 600 1150 4 40.9+1.6
oo ol w8 dgdr
Table 9. LCA results.

Mixture GWP (kg CO:-eq) AP(kg SO:-eq) EP(kg POs+eq) PE (MJ)

SCC400 369.85 1.47 0.30 2247
CTRL 105.37 0.51 0.11 651.8
X10 104.66 0.51 0.11 650.0
X15 104.34 0.5 0.1 649.1
X20 103.99 0.5 0.1 648.2
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