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ABSTRACT

The construction industry faces significant environmental challenges, with
cement production being a major contributor to global CO: emissions,
while the stone processing industry generates substantial waste material,
particularly travertine sludge, creating disposal problems and
environmental hazards. This research investigates the potential of Refined
Travertine Waste Material (RTWM) as a partial cement replacement in
concrete production, with various mixtures prepared using 0% to 50%
RTWM replacing cement by mass, and evaluating their mechanical
properties and durability characteristics through comprehensive testing at
7, 28, and 90 days. Results demonstrate that RTWM can effectively replace
up to 40% of cement without significant strength loss, with optimal
performance observed in the 35-40% substitution range, attributed to
physical filling effects, improved particle packing, and limited chemical
interactions within the cementitious matrix. Water permeability decreased
consistently with increasing RTWM content, indicating enhanced
durability, and statistical analysis confirmed these findings with regression
models providing reliable strength prediction tools. Environmental
assessment revealed that optimal RTWM incorporation could reduce CO:
emissions by up to 32% and energy consumption by approximately 25% in
concrete production while maintaining or improving key performance
characteristics.
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Introduction

The construction industry faces dual
environmental challenges: cement production
contributes approximately 7% of global CO:
emissions, while the stone processing industry
generates  substantial waste, particularly
travertine sludge. This research investigates the
potential of Refined Travertine Waste Material
(RTWM) as a partial cement replacement in
concrete  production.  Travertine  waste,
primarily composed of calcium carbonate
(CaCQs), presents unique opportunities for
sustainable construction due to its fine particle
size and chemical composition. Unlike
previous studies limited to 20% replacement
with stone waste, this research explores higher
replacement levels up to 50%.

Methodology

Ten concrete mixtures were prepared with
RTWM replacing cement at 0%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, and 50% by
weight. Mix designs followed ACI 211
guidelines targeting 40 MPa characteristic
strength. Comprehensive testing included
compressive strength (ASTM C39), flexural
strength (ASTM C78), and water permeability
(BS EN 12390-8) at 7, 28, and 90 days.
Statistical analysis employed box plots, heat
maps, and regression models to evaluate
performance trends. A total of 210 specimens
were tested to ensure statistical reliability.

Results and Discussion

Compressive strength results
demonstrated optimal performance at 35-40%
RTWM replacement, with 90-day strength
comparable to control mix. The 40%
replacement mix achieved 14.7% strength
increase compared to control. Flexural strength
followed similar trends, maintaining acceptable
values up to 40% replacement. Water
permeability decreased by 65% at 40% RTWM
content, indicating enhanced durability.
Regression  analysis revealed quadratic
relationships between RTWM content and
mechanical properties (R? > 0.85). The
mechanism involves both physical (filler effect,
improved particle packing) and limited

chemical interactions between RTWM and
cement hydration products.

Conclusion

RTWM can effectively replace up to 40%
cement without compromising concrete
performance.  Environmental  assessment
indicates 32.2% reduction in CO: emissions
and 24.8% decrease in energy consumption at
optimal replacement level. Economic analysis
shows 22% cost reduction compared to
conventional ~ concrete.  This  research
demonstrates RTWM's viability as a
sustainable cementitious material, contributing
to circular economy principles in construction
while maintaining structural integrity and
durability.
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