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Objetive:

Compare the mechanical, elastic and durability performance of structural concrete mixtures, class 2, made with 
andesite coarse aggregate and partial substitutions of natural coarse aggregate of 20%, 30% and 40%, by mass,  
with recycled coarse aggregate from hydraulic concrete (RCD-CH).

Scope

 In the design of housing up to two levels, there are structural elements that will be subjected to low stresses; in  
their construction structural concrete mixtures, class 2, are used, therefore, it is of interest to study concrete 
mixtures with these characteristics, where a percentage of natural coarse aggregate is replaced with recycled coarse 
aggregate.

The NTC-Concrete  standard,  2023,  limits  the  substitution of  natural  coarse  aggregate  with  recycled coarse  
aggregate to 20% due to the impurities that recycled aggregate may contain (ceramic material, glass, plastic, wood, 
among others). However, it is inferred that it is possible to substitute higher percentages if the recycled aggregate  
is  selected  (RCD-CH),  without  significantly  altering  the  mechanical,  elastic,  and  durability  properties  of 
conventional structural concrete, class 2, used in housing construction.

Methodology

1. Experimental campaign

In this study, four concrete mixes were manufactured, meeting the requirements for structural concrete, class 2, 
according to the NTC-Concreto, 2023 standard. All mixes were designed to achieve a compressive strength of 30 
MPa (300 kg/cm²) and used the same materials: Portland cement, natural coarse and fine aggregates, andesite, 
recycled construction and demolition waste (CDW), and a water-reducing admixture. In each mix, the percentage 
of natural coarse aggregate replaced with CDW was varied (0%, 20%, 30%, and 40%).

To evaluate the influence of replacing natural coarse aggregate with recycled coarse aggregate, the consumption 
of cement, andesite sand, water-reducing additive, and water/cement ratio were kept constant in all concrete 
mixtures.
From each  mix,  nine  standard  cylindrical  specimens  measuring  150 x  300 mm,  two cylindrical  specimens 
measuring 100 x 200 mm, and two prismatic bars measuring 75 x 75 x 280 mm were manufactured.

The performance of the fresh concrete was evaluated using slump, unit weight, and entrapped air content tests;  
subsequently,  the  test  specimens  were  fabricated.  In  the  hardened  state,  compressive  strength,  modulus  of 
elasticity, and diametral compression tensile strength tests were performed. Additionally, ultrasonic pulse velocity 
(UPV), electrical resistivity, chloride ion penetration resistance (CPR), capillary absorption (sortivity), and drying 
shrinkage tests will be conducted to evaluate durability performance.

2. Selection and sampling of natural and recycled aggregates

The natural aggregates, both coarse and fine, are andesite and come from the “Pedrera la Joya, S.A. de C.V.”  
quarry, located in the State of Mexico; the recycled aggregates were obtained from the “Concretos Reciclados S.A. 
de C.V.” plant, located in Mexico City. The recycled coarse aggregate used in this study is structural hydraulic  
concrete (RCD-CH). Figure 2.1 shows images of the selected quarries.



Figure 2.1 Material banks, “Pedrera la Joya S.A. de C.V.” (left) and “Concretos Reciclados S.A. de C.V.” (right)

Figure 2.1 Composite sample formation, obtaining the representative sample by reduction by quartering method 
and its conditioning in the oven

Results

Properties in fresh state

Table 1 presents the results of the fresh-state properties of the concretes produced in this study. To evaluate the 
influence of the amount of RCD-CH coarse aggregate on the consistency of the mixtures, the slump test was 
performed before and after the addition of the water-reducing admixture.

                                                    Table .1 Properties in fresh state

Mix  
Substitutio
n with 
RCD-CH, 
%

Revenge, mm Unit Mass, 
kg/m3

Air 
Content
, %

No 
additive

With 
additive

M1 0 80 190 2,217 3.0
M2 20 40 220 2,202 2.4
M3 30 30 210 2,201 2.7
M4 40 25 210 2,198 2.7

Conclusions

1.The slump decreases as the percentage of substitution of coarse aggregate with RCD-CH increases in the mix,  
because recycled aggregates are more absorbent due to the adhered mortar; however, similar slump values (on  
average, 210 mm) are obtained when using the same amount of water-reducing admixture.



2.According to the criterion established in NTC–Concrete, 2023, for substituting natural coarse aggregate with  
recycled  coarse  aggregate  (mass-based  substitution),  identical  theoretical  unit  weight  values  are  obtained 
regardless of the percentage of recycled aggregate substitution. However, for the RCD-CH coarse aggregate used 
In this study, the absolute design volume (1,000 liters) increases by up to 3% when considering a 100% substitution 
(1,030 liters). In the fresh state, unit weight values similar to the theoretical ones are obtained.

3.With the RCD-CH coarse aggregate used, the entrapped air content in the fresh state is affected by the amount  
of recycled aggregate, but it remains close to the typical value (2%).

4.The UPV (ultrasonic pulse velocity) of all mixtures produced in this study is classified as good (UPV between  
3,500 and  4,500 m/s,  Neville,  1989).  Considering  all  mixtures,  the  average  value  is  3,819 m/s  and  is  not  
significantly affected by the amount of RCD-CH coarse aggregate included in the concrete mix.

5.The compressive strength decreases as  the amount  of  RCD-CH coarse aggregate increases;  however,  this 
reduction does not exceed 6% (see Table 8.3). Furthermore, for the higher substitution percentages considered in  
this research (30% and 40%), the reduction in compressive strength is similar.

The values of the numerical elasticity factor (KC), see Table 8.4, indicate that the concretes produced in this study 
can be considered Class 2 structural concrete, as they are similar to those obtained for concrete without recycled  
aggregate, although lower than the value specified in NTC–Concrete, 2023. For concretes with natural andesite 
aggregate, the modulus of elasticity can be estimated using the expression  𝐸𝐶 = 2,053√𝑓𝐶′,  in MPa (𝐸𝐶 = 
6,492√𝑓𝐶′, en kg/cm2), for concretes with partial replacement of recycled aggregate of RCD-CH, the expression 
is 𝐸𝐶 = 2,254√𝑓𝐶′, en MPa (𝐸𝐶 = 7,128√𝑓𝐶′, en kg/cm2).

In general terms, the modulus of elasticity (EC), Poisson’s ratio (ν), shear modulus (GC), and the unit strain at  
60% of the compressive strength (ε₆₀) are not significantly affected by the amount of RCD-CH coarse aggregate  
incorporated into the concrete mix; the average values for these parameters are 13,358 MPa, 0.21, 5,525 MPa, and 
0.0019, respectively. In addition, the average GC/EC ratio is 0.41, similar to the typical value for elastic materials 
(0.40).

For the concretes studied, the tensile strength represents, on average, 7% of the compressive strength; likewise, 
the tensile strength decreases by up to 18% when RCD-CH coarse aggregate is included. For concretes with natural 
andesite aggregate, the tensile strength can be estimated using the expression
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