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Resumen

La presente investigacion se desarrollé debido a la problematica existente en las zonas altoandinas de la
region de Puno, donde la escasez de agregados convencionales incrementa considerablemente los costos de
transporte y produccion del concreto en obras civiles; por ello, se planted evaluar la roca pizarra proveniente
de canteras y desmontes mineros de localidades como Ananea-La Rinconada como agregado grueso
alternativo en concretos de f'c = 210 kg/cm?. El objetivo principal fue evaluar las propiedades fisico-
mecanicas y quimicas del concreto de f’c = 210 kg/cm? con incorporacion de roca pizarra. La investigacion
presentd un enfoque cuantitativo, de tipo aplicativo y disefio experimental, elaborandose cinco tipos de
mezcla y fabricandose 225 especimenes entre probetas cilindricas y viguetas prismaticas, sometidos a
ensayos de compresion, traccion indirecta y flexion a los 7, 14 y 28 dias de curado, ademas de ensayos
quimicos frente a soluciones de cloruros, sulfatos y sales-cloruros conforme a la norma EN 12370. El
procesamiento estadistico se realiz6 mediante estadistica inferencial ANOVA y pruebas post hoc de Tukey
con un nivel de significancia de a = 0.05. Los resultados demostraron que las mezclas con incorporacion de
roca pizarra presentaron un comportamiento favorable respecto al concreto patrén, destacando la mezcla con
75% de sustitucion, la cual alcanzo6 una resistencia a la compresion de 236.26 kg/cmz, una resistencia a la
traccion indirecta de 26.68 kg/cm? y una resistencia a la flexion de 37.35 kg/cm2. El analisis estadistico
evidencié diferencias significativas en compresion, traccion indirecta y flexion (p < 0.05). En el
comportamiento quimico, las pérdidas de masa fueron menores al 1%, evidenciando alta resistencia frente a
agentes agresivos. En el analisis econdmico se observd una reduccion progresiva de costos, alcanzandose el
mayor ahorro con la sustitucion al 100%. En la discusion, los resultados coincidieron con investigaciones
previas que sefialan que los materiales tipo pizarra mejoran la resistencia y durabilidad del concreto debido
a su estructura mineral compacta y baja absorcion. Finalmente, se concluye que la roca pizarra constituye
una alternativa técnica, mecénica, quimica y econdmicamente viable para su utilizacion en concretos
estructurales en zonas altoandinas.

Palabras clave: Analisis de costos; Concreto; Durabilidad; Propiedades mecanicas; Roca pizarra.

This research was conducted in response to the shortage of conventional aggregates in the high Andean
regions of Puno, Peru, where the limited availability of construction materials significantly increases the
transportation and production costs of concrete for civil engineering projects. Therefore, slate rock obtained
from quarries and mining waste deposits in the Ananea—La Rinconada area was evaluated as an alternative
coarse aggregate for concrete with a design compressive strength of f'c = 210 kg/cmz2. The main objective
was to evaluate the physical-mechanical and chemical properties of concrete incorporating slate rock. The
study followed a quantitative approach with an applied, experimental research design. Five concrete mixtures
were produced, and a total of 225 specimens, including cylindrical specimens and prismatic beams, were
manufactured and tested for compressive strength, splitting tensile strength, and flexural strength at curing
ages of 7, 14, and 28 days. In addition, chemical durability tests against chloride, sulfate, and chloride-salt
solutions were carried out in accordance with EN 12370. Statistical analysis was performed using one-way
ANOVA and Tukey's post hoc test with a significance level of a = 0.05. The results showed that concrete
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mixtures incorporating slate rock exhibited better performance than the control concrete, with the 75%
replacement mixture achieving the highest mechanical properties, reaching a compressive strength of 236.26
kg/cm?, a splitting tensile strength of 26.68 kg/cm?, and a flexural strength of 37.35 kg/cm?2. Statistical
analysis revealed significant differences in compressive, splitting tensile, and flexural strengths (p < 0.05).
Chemical durability tests showed mass losses of less than 1%, indicating high resistance to aggressive agents.
The economic analysis also demonstrated a progressive reduction in production costs, with the greatest
savings achieved at 100% replacement. The discussion showed that these findings are consistent with
previous studies reporting that slate-based materials enhance the mechanical performance and durability of
concrete due to their compact mineral structure and low water absorption. It is concluded that slate rock is a
technically, mechanically, chemically, and economically viable alternative coarse aggregate for structural
concrete production in high Andean regions.
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