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KHẢ NĂNG SỬ DỤNG CỐT LIỆU LỚN TÁI CHẾ TỪ BÊ TÔNG 
PHẾ THẢI ĐỂ THAY THẾ CỐT LIỆU TỰ NHIÊN 

TRONG XÂY DỰNG CÔNG TRÌNH

THE ABILITY TO USE COARSE RECYCLED AGGREGATES CONCRETE FOR 
REPLACEMENT OF NATURAL AGGREGATES IN BUILDING CONSTRUCTION

Dang Quang Huy, Bui Anh Th ang, Pham Duc Th o

ABSTRACT :

Using large aggregate recycled from waste concrete to replace natural aggregate in Civil Engineering can 
solve the problem of scarcity of building materials in the Mekong Delta, ensuring sustainable development. 
Th is paper aims to evaluation the properties of concrete produced with coarse recycled aggregates at various 
replacement levels. Th e results show that as the percentage of recycled aggregates is increased, the compressive 
strength of the concrete using them decreases. Th e deterioration of concrete strength is evident when the 
replacement rate is greater than 30%, however even when the replacement rate is 100%, the concrete still 
achieves compressive strength that can be used in certain construction.

KEYWORDS: recycled aggregates concrete, concrete, compressive strength.

TÓM TẮT: 

Sử dụng các hạt cốt liệu lớn tái chế từ bê tông phế thải để thay thế cho đá tự nhiên trong xây dựng có thể 
giải quyết được vấn đề khan hiếm vật liệu xây dựng ở đồng bằng sông Cửu Long, đảm bảo phát triển bền vững. 
Bài báo này nghiên cứu tính chất của bê tông sử dụng cốt liệu lớn tái chế ở các tỉ lệ thay thế khác nhau. Kết quả 
thí nghiệm cho thấy khi tỉ lệ cốt liệu tái chế thay thế tăng lên thì cường độ của bê tông sử dụng chúng giảm đi. 
Độ suy giảm rõ rệt khi tỉ lệ thay thế lớn hơn 30%, tuy nhiên ngay cả khi tỉ lệ thay thế là 100%, bê tông vẫn đạt 
cường độ chịu nén có thể sử dụng trong một số công trình nhất định. 

TỪ KHÓA: cốt liệu tái chế, bê tông, cường độ chịu nén. 
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1. INTRODUCTION

Th e Mekong Delta, which is made of alluvium 
of Tien an Hau rivers, is well known for its 
sources of agriculture and aquaculture for the 
country, however, is poor land in terms of natural 
minerals for construction materials. A few sources 
of limestone found in Kien Giang, An Giang are 
limited in quality and quantity to use in civil 
engineering of this regions. Moreover, in recent 
years, Th e Mekong Delta has been facing many 
challenges such as fl oods resulting from rises in 
sea level due to climate change; land subsidence 
and soil salinity, which construction is one of the 
best solutions for these problems. A vast amount 
of course aggregates which material resources in 
the Mekong Delta cannot be fully supplied will be 
required for building of transport infrastructure, 
highways, sea dike and other constructions. 
Using recycled aggregates from waste concrete 
is necessary to make up the shortfall of material 
construction. Furthermore, this leads to preserve 
natural resources and helps to reduce the pressure 
on storage site, ensuring sustainable development. 

Th ere are great number of studies involving the 
properties of concrete using recycled aggregates 
over the world, in which compressive strength 
is the most important one that decides whether 
the concrete is usable or not. Most of studies state 
that recycled concrete’s compressive strength is 
lower than that of conventional concrete, made 
with natural aggregate (Seara-Paz et al., 2016; 
Kovler & Roussell, 2011; Poon et al., 2007; Xiao et 
al., 2011; Kwan, 2012). Nevertheless, the extent of 
this decrease depends on numerous factors such 
as the recycled aggregate content, the concrete 
production method (González et al., 2013) and 
the type, size, and origin of the recycled aggregate 
(Silva et al., 2015). Th erefore, Xiao et al. (2011) 
suggested that further study is necessary in 
terms of statistical properties of the compressive 
strength of concrete with recycled aggregate from 
various resources.

In Vietnam, the amount of research involving 
recycled concrete is still limited in terms of quality 

and quantity. Le Viet Hung (2007) has shown that 
the strength of recycled aggregate cement block 
decreases by 12 - 25%. Tong Ton Kien (2016) 
investigated the characteristic of concrete made 
by large recycled aggregates, the test results show 
that the concrete compressive strength decreased 
up to 28% and tensile strength decreased by 22% 
compared to the control sample. In this research, 
the author used two-stage mixing approach to 
make concrete. Th e advantage of this method is 
that it improves the quality of recycled aggregate 
concrete. However, two-stage mixing method is 
diffi  cult to use in real construction site due to its 
complicated steps of experiment. 

Th e purpose of this paper is to investigate 
the properties of recycled aggregates concrete 
tproduced by normal mixing approach which 
is popular in Vietnam. Th en, the potential for 
replacement natural aggregates by recycled 
aggregates will be considered. 

2. MATERIALS AND METHODS

2.1. Materials 

Th e material used in this study include 
recycled concrete aggregate (RCA), Ordinary 
Porland Cement, natural coarse aggregate, fi ne 
aggregate, and water. 

Th e cement used in this study is Portland Cement 
Vicem But Son PC40 that is a common type of 
cement in construction works in Vietnam.

Natural coarse aggregates were extracted from 
Hoa Th ach stone quarry in Quoc Oai, Hanoi. 

Sand came from Lo River source has range of 
particle size from 0,14 to 5mm. 

Th ere are two types of RCA used in this study. 
Th e fi rst one was collected from demolition building 
in Co Nhue, Hanoi. Th e second one came from 
concrete cube made in laboratory with specifi c 
compressive strength of 30 MPa. Th e waste 
concrete was crushed by hammer and then the 
particles pass through an assortment of sieves 
to obtain suitable size of aggregate according to 
ASTM C33 Standard. Th e size distribution of 
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normal aggregate and RCA are presented in 
Figure 1. 

30 MPa and the slump cone test value is about 
8 - 12 cm. Only the coarse aggregates were replaced 
in this study with the proportion range from 0 
- 100% in weight. Th e amounts of adding water 
for the mixtures using RCA were calculated 
according to water absorption capacity of recycled 
aggregate to keep the effective water cement ratio 
constant for all mixtures. Table 2 exhibits the mix 
proportions used in this experiment research. 

Figure 1. Size distribution of coarse aggregate

Figure 2. Procedure for preparing mixtures.

Table 1. Physical properties of aggregate, 
NCA= natural coarse aggregate, RCA = recycled 

concrete aggregate

Table 2. Mixtures proportions. C = cement, 
NCA = natural coarse aggregate, RCA = recycled 

concrete aggregate, W = water, AD = Adding water

Some tests were performed to determine the 
physical properties of coarse aggregate as well, 
including bulk density, relative density, and 
water absorption. Th e results are displayed in 
Table 1 show that the density of recycled aggregate 
is slightly lower than that of natural aggregate. 
However, water absorption rate of RCA is 
extremely higher than of natural coarse 
aggregate (NCA). Aft er 5 minutes, RCA 
absorbs 4,5% of water, 22 times greater than NCA’s 
absorption. We must keep in mind this diff erence 
when design the concrete mixture. 

Property NCA Sand RCA
Relative density 2,71 2,66 2,55
Bulk density (g/cm3) 1,65 1,6 1,52
water absorption rate 
aft er 5’ (%) 0,2 0,6 4,5

water absorption rate 
aft er 24h (%) 0,7 1,1 6,7

 2.2. Concrete Mixtures

Th e control concrete is designed to obtain the 
compressive strength of M300, correspondent to 

Concrete C NCA RCA sand W AD
Control 
concrete 395 1074 0 710 195 0

10% RCA 395 967 107 710 195 5
20% RCA 395 773 301 710 195 15
30% RCA 395 752 322 710 195 16
40% RCA 395 580 494 710 195 25
60% RCA 395 430 644 710 195 32

100% RCA 395 0 1074 710 195 54

All mixtures were prepared by normal mixing 
methods which is including the following steps:

Step 1: Puts all the ingredients of concrete and 
mix them.
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Step 2: adding half of water and mix in 
1 minutes.

Step 3: adding the other half of water and mix 
in 3 minutes.

Step 4: Performing the slump test, then fi ll fresh 
concrete into the 150mm cube mould in layers of 
about 5 cm deep and compact each layer by giving 
60 strokes of tamping bar. Finally, the vibrating 
table was used to compact the concrete cubes. 

Th is procedure of mixing is simple, quick 
so that we can use it for real construction site. 
Figure 2 exhibits these steps of this method. 

2.3. Testing

Th e slump test was carried out according to 
TCVN 3106 1993 standard. 

Th e samples were demolded aft er 24 h from 
the time of casting and then underwent water 
curing with normal environment temperature 
(about 25oC). Th e test of compressive strength 
was carried out aft er 7 days and 28 days of curing 
according to TCVN 3118:1993 standard. Th e 
Advantest 9 (Control- Italy) system at Construction 
Laboratory, HUMG was used to execute these 
tests (Figure 3). Th e compressive strength is 
the peak stress of the test specimens. Th ree 150 
cube samples were produced for each of test 
concrete mixture.  

3. RESULTS AND DISCUSSION

3.1. Workability of recycled aggregate 
concrete

Before casting, each mixture of fresh concrete 
is tested for slump value to study the eff ect of 
recycled aggregate on the workability of concrete. 
Th e results show that the proportion of recycled 
aggregate replacing natural aggregate has a 
signifi cant eff ect on the slump of concrete 
measured at the time of mixing. For concrete 
mixtures with the amount of recycled aggregate 
replaced is less than 40%, the slump value is still 
within the required range of 10 ± 2 cm. When the 
percentage of RCA is greater than 60%, the slump 
increases from 12 cm to maximum value of 14 cm. 
Th e workability of concrete tends to slightly 
decrease when the percentage of recycled aggre-
gate is still low and reaches the minimum value 
at the percentage of recycled aggregate replaced 
20%, then it increases proportionally with the 
percentage of recycled aggregate replaced 
(Figure 4). Th is tendency to increase slump 
value seems not logical because recycled aggre-
gate has a rougher, angular shape than natural 
aggregate, which will normally reduce the slump 
of the concrete mix. Th is illogicality can be 
explained by the amount of absorbed water 
added when mixing concrete using recycled 

Figure 3. Advantest 9 system at Construction 
Laboratory, HUMG

Figure 4. Workability of recycled aggregate concrete
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aggregate. Recycled aggregate particles absorb 
water so much that a corresponding amount 
of water needs to be added during concrete 
mixing, however, in practice, recycled aggregate 
particles may absorb less water and more slowly 
when mixing , causing an excess of water 
compared to conventional concrete mixing 
standards to make the fresh concrete more fl uid 
and have a higher slump.

3.2. Th e compressive strength of recycled 
aggregate concrete

In the fi rst test series, which is use RCA collected 
from demolition building, the compressive 
strength of concrete was determined at 7 days and 
28 days aft er casting sample fabrication (Table 3). 
Th e results show that the compressive strength 
of concrete decreases as the proportion of RCA 
replacing natural aggregate increases. Th e strength 
of the control concrete is the highest, howev-
er, with the amount of natural aggregate being 
replaced less than 30%, the strength of concrete 
using RCA decreases insignifi cantly and it is 
almost equivalent to the strength of reference 
concrete (Figure 5). When the aggregate 
replacement rate is more than 30%, the compressive 
strength of concrete declines and reaches the 
minimum value of 21.7 MPa when all the natural 
coarse aggregates are replaced by recycled 
aggregates. Th is value is only 69% compared to 
the strength of the control concrete.

In the second series which is use RCA produced 
from concrete cube M300, only the compressive 
strength at 28 days was mesured due to the lack 
of specimens. Th e results which were displayed in 
Figure 6 confi rm the eff ect of RCA on compressive 
strength of concrete found out in the fi rst series. 
When the replacement ratio of RCA increases, 
the compressive strength of concrete decreases. 
Th is reduce tendency, however, is not as clear as 
in the fi rst series due to the compressive strengths 
of concrete with 10%, 20%, 40% RCA are similar, 
even the strength of concrete with 20% of RCA is 
higher than that of 10% RCA. 

On the other hand, when all natural coarse 
aggregates replaced by RCA, the concrete 

compressive strength achieved is about 25 MPa,  
greater than that in the fi rst series. Moreover, the 
strength of concrete with 40% RCA is high as well, 
equal to about 90% control concrete strength. 
Th is can be explained by the diff erence in qual-
ity of RCA. Th e RCA used in the second series 
of tests was prepared by crushing the concrete 
cube of grade M300, which the quality is better 
than RCA collected from old building. However, 
because of limited samples, a further research is 
needed to confi rm this fi nding.

3.3. Th e ability to use recycled aggregate 
concrete

In civil engineering, most of structure below 
10 stories are usually used grade of concrete M300 
or lower to build. For the others construction like 
rural roads, the concrete M300 are well adapted 
for every type of pavement. Th e grade of concrete 
from M250 to M300 can be used for lower 
levels of rural roads according to 22TCN223_1995 
standard on design of hard pavement. Th anks 
to the test results above, we observe that the 
recycled aggregate concretes with proportion of 
RCA less than 40% can adapt the requirement of 
compressive strength of concrete used in civil 
engineering or rural roads. Some authors 
(Hansen, 1992) fi nd out the same conclusion, 
in which substitution of natural aggregate with 
recycled concrete aggregate up to 30% has no 
signifi cant infl uence on concrete compressive 
strength. Th us, this conclusion is reliable, and 
we can use recycled aggregate concretes for real 
construction site. Moreover, in situation of 
scarcity of building materials of Mekong Delta as 
well as other regions, this solution brings many 
benefi ts in term of economic and environment. 

When the percentage of RCA greater than 
60%, the concrete compressive strength is less 
than 25MPa, and it is not possible to make the 
pavement layer, however it can still be utilized 
to make the pavement base layer for high grade 
roads or lower grade of building. 
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4. CONCLUSIONS

Th e following conclusions can be drawn from 
the results of this research:

Th e workability of recycled aggregate concrete 
prepared by normal mixing method changes 
slightly when the percentage of RCA replaced less 
than 20%, then it increases.

In term of strength of recycled aggregate 
concrete prepared by normal mixing method, 
when the replacement ratio of RCA increases, 
the compressive strength of concrete decreases. 
Substitution of natural aggregate with RCA up 
to 30% has a negligible infl uence on concrete 
compressive strength.

Recycled concrete aggregates can replace 
natural aggregate in some construction depends 
on the proportion of replacement. 
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