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 Comments: In the comparison between Case 1 and Case 3, 
although the enriched degrees of freedom a1 and a2 differ in sign, the 
actual displacements at the nodes remain unchanged. This confirms that 
the numerical solution is invariant with respect to the sign of the 
enrichment terms. Across all three cases, the numerical results-
particularly the nodal displacements-are consistent. This indicates that 
the solution of the discontinuity problem is independent of the specific 
form or sign of the Heaviside function used in the enrichment process. 
 
4. Conclusions 
 
 This study examined the influence of different Heaviside function 
forms on numerical results in discontinuity problems, focusing on 
structural cases involving cracks and material separations. Through 
comparative analysis of various formulations, it was demonstrated that 
the choice of Heaviside function does not affect key results such as 
displacement fields or overall structural response. Although differences 
in enriched degrees of freedom–particularly in sign–were observed, 
these did not alter the final physical results. 
 The results confirm that the numerical implementation is robust 
and that standard Heaviside functions can be used interchangeably 
without compromising accuracy or reliability. This provides practical 
flexibility in selecting enrichment functions and supports the 
simplification of computational procedures in discontinuity modeling. 
Ultimately, the results contribute to improving the efficiency of 
numerical strategies while maintaining confidence in the consistency of 
structural analysis results.  
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 This paper presents a preliminary study on the economic efficiency of using recycled fine aggregate (RFA) 
from concrete waste, combined with a high fly ash content to produce self-compacting concrete (SCC) in 
Vietnam. Evaluation results indicate that using 100 % RFA can reduce the material cost of SCC production 
to approximately 905,149 VND/m³, representing a decrease of 10.74 % compared to SCC using natural sand 
and 31.64 % compared to conventional concrete of equivalent grade (M400). The integration of RFA with 
high fly ash content emerges as a feasible solution, reducing construction costs while also contributing to 
environmental protection and natural resource conservation. 
 

 
1. Introduction 
 
 Concrete is the most widely used construction material globally 
[1]. Its annual consumption is estimated at approximately 35 billion 
tons, including about 4.2 billion tons of cement, 28 billion tons of 
aggregate, 2.8 billion tons of water, and various admixtures [2]. In 
Vietnam, natural sand is the primary fine aggregate in concrete 
production; however, the rapid pace of infrastructure development has 
rendered the supply insufficient to meet growing demand [3]. 
 Construction activities generate a significant amount of non-
biodegradable solid waste. In Hanoi, for instance, solid waste from 
construction activities reached 4.186 tons per day in 2021 and is 
projected to rise to 9.431 tons per day by 2025, while only 1.350 tons 
are processed daily [4]. Unprocessed waste, such as concrete debris or 
broken bricks, negatively impacts the environment and urban 
landscapes. These wastes can be recycled into coarse and fine 
aggregates for concrete production, and several studies have 
demonstrated the efficient utilization of such waste materials [5]. 
 Self-compacting concrete (SCC) is designed for high flowability, 
resistance to segregation, and the ability to fill formwork even in areas 
with dense reinforcement without external vibration. SCC offers 
benefits such as faster construction, reduced reliance on labor and 
equipment, improved working conditions, noise reduction, and 
environmental protection. However, the high powder content and 
chemical admixtures required for SCC result in higher material costs 
and stricter quality control compared to traditional concrete [6]. 
Therefore, using alternative materials, such as recycled aggregates and 
high fly ash content, is essential for minimizing SCC production costs. 
 Vietnam has established standards for the use of recycled coarse 

aggregates in concrete [7]. However, standards for recycled fine 
aggregates (RFA) are currently lacking. Domestic research has primarily 
focused on recycled coarse aggregates from concrete waste, leaving 
studies on RFA limited [1, 8]. This research gap challenges the wider 
application of recycled fine aggregates in concrete production. Some 
studies on RFA usage in concrete are summarized as follows: 
 - Kou SC [9] demonstrated that SCC could be produced using   
100 %RFA while meeting acceptable workability and compressive 
strength requirements. 
 - Evangelista and de Brito [10] found that replacing up to 30 % 
of natural sand with RFA did not significantly affect the compressive 
strength properties of concrete but did reduce workability due to RFA’s 
high water absorption. 
 - Diego Carro-López [11] examined the rheological properties of 
SCC mixes with 0 %, 20 %, 50 %, and 100 % RFA replacement, reporting 
that mixes with 50 % and 100 % RFA lost workability after 90 minutes, 
whereas those with 20 % maintained workability. 
 - Zhang [12] noted that concrete made with RFA has a more 
complex interfacial transition zone (ITZ) compared to that with natural 
fine aggregates due to the residual cement mortar on RFA. 
 - Bu [13] observed that using 100% RFA increases drying 
shrinkage compared to natural fine aggregates. 
 - Acker [14] highlighted that the high water absorption capacity 
of RFA reduces workability, especially in hot and dry climates. 
 To promote the widespread adoption of RFA in SCC production 
in Vietnam, evaluating its economic efficiency is crucial. This study 
offers a preliminary evaluation of the economic feasibility of producing 
SCC using RFA from concrete waste and high fly ash content. The mix 
proportions and compressive strength parameters of concrete were 
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referenced from previous research [3]. The materials used in the 
calculations were sourced from Ha Nam Province, with an estimated 
transportation distance of 26 kilometers. 
 
2. Materials and Mix Proportions Used for Evaluation 
 
 The materials and mix proportions from the previous study [3] 

were utilized to evaluate economic efficiency. The SCC mix designs 
consisted of 0 % recycled fine aggregate (RFA0) and 100 % recycled 
fine aggregate (RFA100), with a fly ash-to-powder ratio (FA/P) of 0.5 
and a water-to-powder ratio (W/P) of 0.4. The detailed mix 
compositions for 1 m³ of SCC and the compressive strength of the 
concrete are shown in Table 1. The workability test results of the SCC 
mixes are presented in Table 2. 

 
Table 1. Mix Composition for 1 m3 of SCC [3]. 

Mixture PC40 Cement 
(kg) 

Fly Ash 
(kg) 

Sand 
(kg) 

RFA 
(kg) 

Stone 
(kg) 

Water 
(kg) 

SP  
(kg) 

VMA  
(kg) 

Compressive Strength 
(MPa) 

RFA 0 264.1 264,1 748.8 0 770 211.3 2.11 0.37 40.3 
RFA 100 264.1 264.1 0 748.8 770 211.3 3.84 0.37 39.7 

 
Table 2. Workability Properties of SCC According to [3]. 

Mixture SF (mm) T500 (s) Vfunnel (s) Lbox  Jring (mm) Sr (%) 
RFA0 700 2.56 7.90 0.93 8.5 7.8 

RFA100 685 3.54 9.60 0.85 9.1 6.9 

 The materials used in the experiment, based on the findings of 
[3], included the following: Vicem But Son PC40 cement; Song Hong 
river sand with a specific gravity of 2.65 g/cm³ and water absorption of 
1.22 %; RFA (recycled fine aggregate) crushed from concrete waste with 
a specific gravity of 2.31 g/cm³ and water absorption of 4.28 %; 
Crushed stone (Dmax = 20 mm) with a density of 2.75 g/cm³; fly ash 
sourced from Pha Lai thermal power plant fly ash and classified as type 

F according to ASTM C618; superplasticizer (SD): a new-generation 
superplasticizer type BiFi-HV298, based on modified polymer with a 
density of 1.05, meeting ASTM C-494 type G standards; viscosity 
modifying agent (VMA): Culminal type MHPC400. 
 The RFA used in the study was produced from concrete waste 
sourced from demolished structures in Hanoi. The waste was processed 
and crushed at a grinding station located in Dong Anh District, Hanoi. 

 

 
(a) Crushing process of concrete waste to produce sand 

 

 
(b) RFA 

Figure 1. RFA obtained from crushed concrete waste. 
 
3. Economic Evaluation of Using Recycled Sand in High Fly Ash SCC 
 
 The economic efficiency of using recycled sand was evaluated by 
calculating the material costs for producing SCC with different mix designs 
(RFA0, RFA100) and traditional concrete with compressive strength M400 
(BT400). Material consumption for BT400 was determined according to 
construction norms (Code 11.11317) as per Norm 12/2021 [15], issued by 
the Ministry of Construction, Vietnam (Table 3). Material prices were 

sourced from the official price list for August 2024 in Ha Nam province 
(transport distance 20 km) and market prices at the time of calculation: 
Cement PC40: 1,470,000 VND/ton; River Sand: 592,000 VND/m3; Stone 
(1x2): 305,000 VND/m3; Fly Ash: 250,000 VND/ton; SP: 25,000 VND/liter; 
VMA: 100,000 VND/kg. The production cost of RFA covers the expenses 
for handling, transportation, sorting of waste materials, and crushing.  As 
per the guidance in [16], the estimated production cost for RFA is 
approximately 318,438 VND/m³. Table 4 presents the material costs before 
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Cement PC40: 1,470,000 VND/ton; River Sand: 592,000 VND/m3; Stone 
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tax for the production of SCC and traditional concrete whiletable 5 shows 
the pre-tax production costs for RFA.  
 
Table 3. Material Consumption for Traditional Concrete BT400 [15]. 

Code Cement  
(kg) 

Stone 
(m³) 

Sand  
(m³) 

Water  
(l) 

SP  
(kg) 

11.11317 518 0.745 0.456 185 2.59 
 
 The calculation results indicate that the material costs for 
producing concrete for the mix designs RFA0, RFA100, and BT400 are 

1,014,088 VND/m³, 905,149 VND/m³, and 1,324,220 VND/m³, 
respectively. Using RFA significantly reduces the material costs for 
producing SCC. Specifically, the RFA100 mix reduces cost by 10.74 % 
compared to RFA0. Additionally, compared to traditional concrete with 
similar compressive strength (BT400), the material cost for the RFA100 
mix is reduced by 31.64 %. This reduction is primarily due to the high 
cost of natural sand, which is approximate 592,000 VND/m³. In contrast, 
the production cost of RFA is merely 318,438 VND/m³. Furthermore, the 
use of high-content fly ash, which is significantly cheaper than cement, 
contributes to reducing the production costs of SCC compared to 
traditional concrete with similar compressive strength. 

 
Table 4. Material Costs for SCC and Traditional Concrete (VND/m³). 

Mixture Cement  Fly Ash Stone Sand or RFA  SP VMA Water Total Cost (VND/m³) 
RFA0 388,227 66,025 152,500 316,635 52,750 37,000 951 1,014,088 

RFA100 388,227 66,025 152,500 164,446 96,000 37,000 951 905,149 

BT400 761,460 0 227,225 269,952 64,750 0 833 1,324,220 
 
Table 5. Pre-tax Production Costs for RFA. 

No. Expense Component Unit Quantity Unit Price (VND) Total Amount (VND) 
1 125 Crusher Machine m³/h work shift 0.0019 8,356,914 15,878 
2 Loading onto transport vehicles m³ 1 33,810 33,810 
3 Transportation cost (estimated for 26km) m³ 1 251,993 251,993 
4 Labor cost 3/7 labor unit 0.01196 267,026 3,194 
5 Excavator 1.25 m³ work shift 0.00328 3,802,802 12,473 
6 Bulldozer 110CV work shift 0.00057 1,912,099 1,090 
 Total VND/m³ 318,438 

4. Conclusion 
 
 In Vietnam, research and application of recycled fine aggregates 
in concrete production remain limited. Preliminary studies indicate that 
recycled fine aggregates from concrete waste, when combined with high 
fly ash content, can yield self-compacting concrete (SCC) with 
significant economic benefits. The material cost of producing SCC is 
approximately 905,149 VND/m³, which is about 10.74 % lower than 
SCC produced with natural sand, and 31.64 % lower than that of 
traditional concrete with the same grade (M400). 
 Utilizing recycled fine aggregates with high fly ash content in SCC 
production not only reduces construction costs but also significantly 
contributes to environmental protection and natural resource conservation.  
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