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THONG TIN BAI BAO TOM TAT

Ngay nhan: 13/07/2026 Nghién ctru nay danh gia Gmg xtr chiu nén doc truc cua cot bé tong cdt thép su
S dung 6t ligu tho tai ché trong diéu kién bao dudng néng khd. Cot ligu tho tai ché

Ngay hoan thién:  21/08/2026 duoc sir dung dé thay thé cét liéu tho tw nhién véi céc ty 18 0%, 25% va 45%. Vi

Ngay chép nhan:  26/08/2026 mdi ty 18 thay thé, ba mau 1ap phuong va ba mau cot duoc bao dudng & 35 °C, do

4m twong dbi 46% va thi nghiém & 28 ngay tudi. Mau lap phuong duoc ding dé
Ngay dang: 30/08/2026 xé4c dinh cudng d6 chiu nén ciia bé tong, trong khi mau cot dugc thi nghiém nén
doc truc dé xac dinh sirc chiu tai 16n nhét. Cac mé hinh ph::in t0 hiru han dugc xay
dung trong Abaqus. So v&i nhom ddi chimg, cudng d6 chiu nén ciia bé tong giam
4,03% va 7,45%, trong khi strc chiu tai cua cot giam 4,64% va 6,78% tuong tng
V6i cac ty 1¢ thay thé 25% va 45%. Viéc thay thé cdt lidu tho tai ché khong lam
thay ddi co ban dang pha hoai chiu nén ctia cdt. Cac mo hinh phﬁn t hitu han tai
hién dugc xu hudng giam surc chiu tai nhung dy bao cao hon Kkét qua thi nghiém,
v6i sai 16ch tuyét ddi trung binh 6,91%. Két qua nghién ctru cung cp co sé thuc
nghiém va mo6 phdong $6, bude dau cho viéc xem xét st dung bt liéu tho tai ché
trong cot bé tong cbt thép ngin chiu nén trong diéu kién bao dudng néng kho.
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concrete columns under hot and dry curing conditions.
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1. Introduction

The rapid growth of urban construction activity has
increased the demand for natural aggregates and generated
large quantities of construction and demolition waste. In
Hanoi, Vietnam, construction solid waste was estimated at
4,186 tons per day in 2021 and was forecast to reach 9,431
tons per day in 2025 [1]. Reusing waste concrete as
recycled coarse aggregate (RCA) is a practical approach for
reducing the consumption of natural aggregate, limiting
construction waste disposal, and supporting circular
material use in the construction sector [1], [2].

RCA is produced by crushing and processing waste
concrete into aggregate suitable for new concrete. RCA
particles usually contain original natural aggregate, residual
old mortar, and old interfacial transition zones from the
parent concrete. The attached old mortar is generally more
porous and more absorptive than natural aggregate, and it
may contain microcracks generated during demolition,
crushing, and processing [2], [3], [4]. These characteristics
can reduce aggregate density, increase water absorption,
and introduce more inconsistency into the concrete matrix
[3], [5]. Consequently, concrete containing RCA may show
reduced compressive strength and greater variability,
especially as the replacement ratio increases.

Recent Vietnamese studies provide useful evidence
for evaluating RCA under local material and construction
conditions. Dang et al. investigated concrete using recycled
aggregate from waste concrete for rural road applications
and reported that strength reduction was small when the
replacement level was below 30%, whereas higher
replacement ratios caused clearer strength loss [6]. Toi et
al. presented a case study on recycled aggregate concrete
with target strength classes from B20 to B35 and
replacement ratios from 0% to 100%, showing that
moderate RCA replacement could still satisfy target
strength requirements when mixture proportioning and
workability were properly controlled [7]. These studies
support the practical feasibility of RCA concrete in
Vietnam, but they also indicate that replacement ratio,
aggregate quality, and mixture control remain critical.

Regional reviews have shown the need for more data
on recycled aggregate concrete in structural members under
conditions relevant to Southeast Asian practice [8].
Existing column studies provide useful evidence at the
member level, but additional data are still needed for short
reinforced concrete columns using locally sourced RCA
[9], [10]. The curing environment is another important
issue. Hot weather concreting can increase concrete
temperature, accelerate moisture loss, reduce workability,
affect setting, and influence early strength development
[11]. Under a hot and dry environment, both the moisture
demand of RCA and external water loss may affect the
development of the cementitious matrix. In the present
study, all specimens were cured under the same hot and dry
condition.

This study investigates the axial compressive behavior of
short reinforced concrete columns made with RCA under a

controlled hot and dry curing condition. Three RCA
replacement ratios were used: 0%, 25%, and 45%. For each
replacement level, cube specimens were tested at 28 days
to determine concrete compressive strength, and reinforced
concrete column specimens were tested under monotonic
axial compression to determine the maximum axial load,
Prax - All specimens were cured at 35 °C and 46% relative

humidity. Abaqus finite element models were developed to
compare numerical predictions with the experimental
capacity trend and observed damage patterns.

The objectives of the study are to evaluate the influence
of RCA replacement ratio on 28 day concrete compressive
strength, quantify the corresponding change in column
axial capacity, examine the relationship between material
strength reduction and member capacity reduction, and
assess whether the finite element model can reproduce the
observed trend. The study provides experimental and
numerical evidence for RCA reinforced concrete columns
under a hot and dry curing condition.

2. Materials and Methods
2.1 Experimental program

The main experimental variable was the replacement
ratio of natural coarse aggregate by RCA. Three
replacement ratios were considered: 0%, 25%, and 45%.
The 0% group was used as the control group, while the 25%
and 45% groups were used to evaluate the effect of partial
RCA replacement. All column specimens had the same
geometry, reinforcement arrangement, target concrete
grade, fabrication procedure, curing condition, and loading
method.

Two specimen types were prepared. The first type
consisted of 150 x 150 x 150 mm concrete cubes used to
determine the compressive strength at 28 days. The second
type consisted of short reinforced concrete columns tested
under monotonic axial compression to determine the
maximum axial load, B, . Each RCA replacement level

included three cube specimens and three column
specimens, giving a total of 9 cube specimens and 9
reinforced concrete column specimens, as shown in Table
1.

Table 1. Experimental matrix and specimen notation

Group RCA Cube Column
replacement  specimens  specimens
ratio (%)
MV00,
CV00 0 3 3
MV25,
V25 25 3 3
MV45,
CV45 45 3 3

In the specimen notation, MV refers to cube specimens used
for concrete compressive strength tests, while CV refers to
reinforced concrete column specimens used for axial compression
tests. The numbers 00, 25, and 45 indicate the percentage of
natural coarse aggregate replaced by RCA.

Nghi Son PC Type I cement was used as the binder. Tap
water supplied by the local municipal system was used for
concrete mixing and for washing the recycled aggregate.
Natural coarse aggregate was crushed stone obtained from
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Tan Cang, Dong Nai Province. Natural river sand from
Dong Tan, Dong Nai Province was used as fine aggregate.
The main properties of the constituent materials are
summarized in Table 2.

Table 2. Main properties of constituent materials

Material Property Value
Cement Compressive strength at 3 days  >21
MPa
Compressive strength at 28 > 40
days MPa
Initial setting time 195 min
Final setting time 200 min
Natural Crushing value in cylinder 12.70%
coarse Mud, dust, and clay content 0.53%
ageregate  Aprasion value 37.40%
Sand Mud, dust, and clay content 1.25%
Chloride ion content 0.01%

The RCA was obtained from old concrete specimens
available at the Laboratory of the Faculty of Civil
Engineering, Lac Hong University. The old concrete was
crushed using a compression testing machine and further
broken manually with a hammer. The crushed material was
sieved to obtain particles with sizes compatible with the
natural coarse aggregate used in the mixtures. The RCA
was washed to remove surface dust and loose particles and
then dried. The RCA collection and processing procedure
is shown in Figure 1.

Figure 1. Collection and processing procedure of RCA

The concrete mixtures were designed for strength grade
B20. The base mix proportion was selected according to the
technical guidance for selecting concrete mix proportions

issued by the Ministry of Construction [12]. The nominal
water to cement ratio was approximately 0.55. For the RCA
mixtures, part of the natural coarse aggregate was replaced
by RCA by mass, while the cement, water, and sand
contents were kept unchanged. The replacement ratios of
0%, 25%, and 45% were selected to represent the control,
a moderate RCA replacement level, and a relatively high
partial replacement level, respectively, allowing the effect
of increasing RCA content to be evaluated within the
experimental range. The concrete mix proportions are
summarized in Table 3.

Table 3. Concrete mix proportions

RCA Cement Water Sand Natural
rerpalteil(c)e(r;l/::)nt (kg/m 3 (kg g m3 (kg /) m3 . ;g;r;zte
(kg/m>)
0 355 195 645 1168
25 355 195 645 876
45 355 195 645 642.4

2.2 Specimen preparation, curing, and testing

The column specimens had a square cross section of
150 x 150 mm and a height of 300 mm. Each column was
reinforced with four 12 mm diameter longitudinal bars and
6 mm diameter closed ties spaced at 45 mm along the
column height. The concrete cover was 20 mm. The yield
strengths of the longitudinal bars and transverse ties were
495 MPa and 270 MPa, respectively. The column geometry
and reinforcement details are shown in Figure 2.

Figure 2. Geometry and reinforcement details of the
reinforced concrete column specimen

The constituent materials were prepared before mixing.
Natural aggregates and RCA were stored separately to
avoid unintended mixing among replacement groups.
Concrete was mixed according to the designed proportions,
placed into cube and column molds in layers, and
compacted using a vibrator. After casting, the specimen
surfaces were leveled, and each specimen was labeled
according to its group. The reinforcement cages were
positioned carefully in the column molds to maintain the
required cover and consistency among the specimens.
Immediately after casting, all specimens were transferred
to an environmental room maintained at 35 °C and 46%
relative humidity. The specimens were kept in the molds
for approximately 24 hours, then demolded and returned to
the same environmental condition until testing at 28 days.

JSLHU, Issue 27, 2026



Nguyén Khdanh Hiing, Nguyén Tran Toan, Ho Ngoc Huong Trang

Cube specimens were tested at 28 days to determine the
concrete compressive strength according to TCVN
3118:2022 [13]. Before testing, the bearing surfaces were
checked and cleaned to ensure stable contact with the
compression platens. Column specimens were tested at 28
days under monotonic axial compression using a Phoenix
automatic compression testing machine. Each column was
placed concentrically between the compression platens to
reduce eccentricity. A preliminary load of approximately
0.5 kN was applied to check contact stability, signal
recording, and equipment response. The specimen was then
loaded continuously at approximately 1.0 kN/s until the
maximum load was reached and the specimen showed clear
loss of load carrying capacity.

The column test setup included the compression
machine, a data logger, and a computer used to acquire and
store load and concrete strain signals. For each column
specimen, one surface mounted strain gauge was attached
at the center of one side face of the column. The axial
compression test setup and instrumentation are shown in
Figure 3.

]

Figure 3. Axial compression test setup and instrumentation
2.3 Data processing

The experimental data were processed separately for
each RCA replacement group. For cube specimens, the
measured compressive strength values were used to
calculate the mean compressive strength at 28 days. For
column specimens, the maximum recorded axial load of
each specimen was used to calculate the mean column
capacity of each group, B, . The coefficient of variation

was calculated according to TCVN 10303:2025 as [14]

=5 100% (1)
X

where V is the coefficient of variation, S is the

estimated standard deviation, and X is the mean value of
the group. The coefficient of variation was used as the main
scatter indicator in the Results and Discussion section.

The relative change from the control group was
calculated as

X;-X,
AX =2 x100% 2)
Xo

where X; is the mean value of a given RCA
replacement group and X, is the mean value of the

corresponding control group. A negative value of AX
indicates a reduction relative to the control group. For the

cube tests, X represents concrete compressive strength.
For the column tests, X represents Py, -

2.4 Finite element modeling

Finite element models were developed in Abaqus to
support the interpretation of the experimental column tests.
Three models were prepared, corresponding to the CV00,
CV25, and CV45 column groups. The geometry and
reinforcement arrangement followed the tested column
specimens. The concrete was modeled using solid elements
with eight nodes and reduced integration, C3D8R. The
longitudinal reinforcement and transverse ties were
modeled using three dimensional truss elements, T3D2.
The reinforcement was embedded in the concrete using the
Embedded Region constraint. The Embedded Region
assumption represents perfect bond between concrete and
steel and does not account for local bond slip [15].

The nonlinear behavior of concrete was represented
using the Concrete Damaged Plasticity model (CDP). CDP
is a continuum damage plasticity formulation used to
describe inelastic concrete behavior and stiffness
degradation under tensile and compressive loading [16],
[17], [18]. The compressive strength inputs for the CV00,
CV25, and CV45 models were 25.78 MPa, 24.74 MPa, and
23.86 MPa, respectively. These values were obtained from
the mean 28-day cube compressive strengths of the
corresponding MV00, MV25, and MV45 experimental
groups, with three specimens tested for each group. The
compressive and tensile stress strain relationships and
damage variables were defined based on Eurocode 2 and
the procedure proposed by Alfarah et al. [19], [20]. The
CDP parameters were as follows: dilation angle of 30°,
eccentricity of 0.1, fy9/f,0=1.16, K.=0.667, and

viscosity parameter u=0.001.

The steel reinforcement was modeled as an elastic
perfectly plastic material. The elastic modulus of steel was

taken as 2x10° MPa. The yield strengths of the
longitudinal bars and transverse ties were 495 MPa and 270

MPa, respectively. The concrete stress strain relationships
used in the finite element models are shown in Figure 4.

&

Figure 4. Concrete stress—strain relationships used in FEM
[16]: (a) compressive behavior, (b) tensile behavior..

Rigid plates were modeled at the top and bottom ends
of the column to simulate the load transfer system. Each
plate was connected to a reference point. The bottom plate
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was fully restrained. The top plate was restrained against
horizontal displacement and rotation, while an axial
displacement was imposed in the vertical direction to
generate compression. The axial reaction force, RF3, at the
reference point of the top plate was used to calculate the
numerical compressive load. The finite element model and
boundary conditions are shown in Figure 5.

PL1: PLI1:
Ul=1U2=0 e C3D8R.
URI =UR2=UR3=0) P

“Tie

Steel
T3D2

“-Concrete
C3D8R

_ PL2:

Ul=U2=U3=0 "~ C3D8R

UR1=UR2=UR3=0)
Figure 5. Finite element model and boundary conditions

The maximum axial capacity from the finite element
model was determined as

Finax,FEM = max |RF3| (3)
where B pEm 18 the maximum compressive load
obtained from the numerical model.

The agreement between the numerical and experimental
results was evaluated using the ratio

P,
RP _ max,FEM )

Fnax,EXP
and the relative error

P, -P
Ap = max,FEM max,EXP %100% )

B max,EXP

where Pyax gxp 1S the mean experimental maximum

axial load of the corresponding column group. The mean
absolute relative error of the three models was calculated as

3
—— 1
Apl= 5;”” | ®

The finite element analysis was used to evaluate
whether the experimentally observed reduction in axial
capacity with increasing RCA replacement could be
reproduced and to compare the simulated compression
damage distribution with the observed failure patterns.

3. Results and Discussion

This section presents the experimental and numerical
results. The main results include the 28 day cube
compressive strength, the axial compressive capacity of the
reinforced concrete columns, the observed failure modes,

and the comparison between the experimental and finite
element results.

3.1 Concrete compressive strength and column axial
capacity

Table 4 summarizes the cube compressive strength
and the column axial capacity. The coefficient of variation
is used as the main scatter indicator. The percentage change
relative to the control group is used to evaluate the effect of
RCA replacement.

Table 4. Experimental results of cube strength and column axial

capacity
RCA Mean cube Ve (%) Strength

replacement strength ‘ change

ratio (%) (MPa) (%)
0 25.78 1.02 0
25 24.74 0.21 -4.03
45 23.86 3.38 -7.45
RCA Mean Vp (%) Prax
replacement Prax change
ratio (%) (kN) (%)
0 540.98 2.77 0
25 5159 4.49 -4.64
45 504.31 3.31 -6.78

The mean cube compressive strength of the control
concrete was 25.78 MPa. At 25% RCA replacement, the
mean strength decreased to 24.74 MPa, corresponding to a
reduction of 4.03%. At 45% RCA replacement, the mean
strength decreased to 23.86 MPa, corresponding to a
reduction of 7.45%. The coefficients of variation were
1.02%, 0.21%, and 3.38% for the 0%, 25%, and 45%
replacement groups, respectively. These values indicate
low scatter within the cube test groups.

The reduction in concrete strength can be explained
by the characteristics of RCA. RCA particles generally
contain residual old mortar and old interfacial transition
zones from the parent concrete. The attached mortar is
usually more porous and more absorptive than natural
aggregate. It may also contain microcracks caused by
crushing and processing. These features can create weaker
zones around aggregate particles [2], [3], [4], [5]. As the
RCA replacement ratio increased, these effects became
more influential. This explains the gradual decrease in 28
day compressive strength observed in this study. The
strength trend is consistent with previous studies on RCA
concrete [6], [7]. Therefore, the reductions of 4.03% at 25%
replacement and 7.45% at 45% replacement can be
regarded as moderate within the tested range.

The mean axial capacity of the control column group
was 540.98 kN. At 25% RCA replacement, the mean B,
decreased to 515.90 kN, corresponding to a reduction of
4.64%. At 45% RCA replacement, the mean B,y
decreased to 504.31kN, corresponding to a reduction of
6.78%. The coefficients of variation of B, were 2.77%,
4.49%, and 3.31% for the 0%, 25%, and 45% replacement
groups, respectively. The scatter in column capacity was
slightly higher than the scatter in cube strength. This is
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reasonable because column response can be affected by
reinforcement positioning, end surface condition, loading
alignment, and local cracking. The reduction in column
capacity followed the same general trend as the reduction
in cube compressive strength. At 25% RCA replacement,
the cube strength retained 95.97% of the control value,
while the column retained 95.36% of the control axial
capacity. At 45% RCA replacement, the cube strength
retained 92.55% of the control value, while the column
retained 93.22% of the control axial capacity. This close
agreement indicates that, within the tested configuration,
the decrease in B, was strongly related to the decrease in

concrete compressive strength.
3.2 Failure modes

The column tests also included load and concrete strain
acquisition using a surface mounted strain gauge and a data
logging system. The representative load strain response is
shown in Figure 6. The curve confirms that the acquisition
system captured the strain response during axial loading.

! ‘ ’é’.‘yv-:' 500
JC’
z =2 460
= ~=::~~ ~ X
E ~~<c 300
= ~~‘~.~\ A
% ==+ CV00 BN 200
-
—|.cv2s X Neo
Cv4s N
| o
3 2.5 2 1.5 -1 0.5 0

Concrete strain ( %o)
Figure 6. Representative load versus concrete strain response

Representative failure modes of the column specimens
are shown in Figure 7. All column groups exhibited
compression dominated failure. The main observed
features were vertical or slightly inclined cracks, concrete
cover spalling, and local crushing near the column edges or
loading end regions.

Figure 7. Failure modes of representative column specimens
after axial compression

The control group showed vertical cracking along the
column body, followed by local cover spalling and crushing
near the end regions. The 25% RCA replacement group
showed a similar failure pattern. No fundamental change in
the global failure mode was observed compared with the
control group. The 45% RCA replacement group also failed
in axial compression, but some specimens showed more
visible cracking and cover spalling.

Overall, increasing the RCA replacement ratio from 0%
to 45% did not change the basic failure mechanism of the
reinforced concrete columns. The main difference was the
severity and visibility of local damage, especially in the
45% replacement group. This observation agrees with the

capacity results. RCA replacement reduced 75,y , but it did

not cause a different form of global failure.
3.3 Experimental and FEM comparison

Table 5 compares the experimental axial capacity with
the finite element prediction for each column group. The
experimental value, Pp,x gxp , is the mean maximum axial

load obtained from the column tests. The numerical value,
Prnax,FEM » i the maximum axial load calculated from the

reaction force at the reference point of the top rigid plate.

Table 5. Comparison between experimental and FEM axial

capacity
Group  Apaxexp PmaxFEM  Rp Error
(N) (N) (o)
CV00 540.98 568.58 1.051 5.1
CV25 515.9 555.53 1.077 7.68
CV45 504.31 544.45 1.08 7.96
Mean 1.069 6.91

The FEM model predicted axial capacities of 568.58
kN, 555.53 kN, and 544.45 kN for CV00, CV25, and CV45,
respectively. The corresponding experimental values were
540.98 kN, 515.90 kN, and 504.31 kN. The FEM to
experiment ratio ranged from 1.051 to 1.080, and the mean
absolute relative error was 6.91%. Thus, the numerical
model overpredicted the experimental capacity for all three
groups. This comparison is shown in Figure 8.

600
500
Z400
=300
E
£200
100
0

CV00 CV25 CVv4s
Group
#Exp. ®FEM

Figure 8. Experimental and FEM axial capacity comparison

Although the FEM model overpredicted the absolute
capacity, it captured the decreasing trend caused by
increasing RCA replacement. Relative to the control model,
the numerical capacity decreased by 2.30% for CV25 and
4.24% for CV45. The -corresponding experimental
reductions were 4.64% and 6.78%. Therefore, the model
captured the direction of the experimental trend, but

JSLHU, Issue 27, 2026



Anh Huong Cia Ty Lé Thay Thé Cot Liéu Thé Tai Ché Pén Kha Néing Chiu Nén Doc Truc Ciia Cot Bé Tong Cot Thép

Trong Piéu Kién Bio Dudng Néng Khé

underestimated the magnitude of the capacity reduction
caused by RCA replacement.

The overprediction can be explained by several
modeling idealizations. First, concrete was modeled as a
homogeneous continuum material. In reality, RCA
concrete contains natural aggregate, recycled aggregate,
residual mortar, old interfacial transition zones, new
interfacial transition zones, pores, and local defects. These
local heterogeneities can reduce the real load carrying
capacity, but they are not explicitly represented in the finite
element model. Second, the Embedded Region constraint
assumes perfect bond between steel reinforcement and
concrete [15]. In real specimens, local slip, microcracking
around reinforcement, and imperfect bond may occur after
damage develops. Third, the Concrete Damaged Plasticity
model represents cracking and crushing through a
continuum damage plasticity formulation [16], [17], [18].
This formulation is suitable for representing global
nonlinear response and damage localization, but it does not
reproduce every discrete crack or local spalling feature
observed in the tests. In addition, the concrete stress strain
relationships and damage variables were defined from
established procedures rather than calibrated from
complete stress strain tests of each concrete mixture [19],
[20].

The simulated compression damage distribution is
compared with the observed failure modes in Figure 9. The
numerical DAMAGEC field was concentrated near the
column edges, corners, and loading end regions. These
zones corresponded reasonably with the observed cracking,
cover spalling, and local crushing in the tested columns.

CVoo

Figure 9. Experimental failure modes and FEM DAMAGEC
distribution

For CV00 and CV25, the simulated damage was mainly
localized near the side edges and end regions. This was
consistent with the observed compression dominated
failure. For CV45, the model showed a wider and more
continuous damage distribution in some regions. This was

consistent with the more visible cracking and spalling
observed in several 45% RCA specimens. However, the
agreement should be interpreted at the level of general
damage location and capacity trend, not as crack by crack
reproduction.

4. Conclusions

This study investigated the axial compressive behavior
of short reinforced concrete columns containing recycled
coarse aggregate under a controlled hot and dry curing
condition. RCA replacement ratios of 0%, 25%, and 45%
were considered. Cube tests were used to determine
concrete compressive strength, column tests were used to
determine the maximum axial load, P, and finite

element models were developed in Abaqus using the
Concrete Damaged Plasticity model. The main conclusions
are as follows.

(i) RCA replacement caused a moderate reduction in
concrete compressive strength. The mean cube strength
decreased from 25.78 MPa for the control concrete to 24.74
MPa and 23.86 MPa for the 25% and 45% RCA mixtures,
corresponding to reductions of 4.03% and 7.45%,
respectively.

(i) The axial compressive capacity of the columns
decreased with increasing RCA replacement ratio. The
mean P, decreased from 540.98 kN for CV00 to 515.90

max
kN for CV25 and 504.31 kN for CV45, corresponding to
reductions of 4.64% and 6.78%, respectively. The
reduction in column capacity followed the same general
trend as the reduction in cube compressive strength.

(iii) RCA replacement did not change the main failure
mode of the short reinforced concrete columns. All column
groups showed compression dominated failure, with
vertical or slightly inclined cracks, concrete cover spalling,
and local crushing near the column edges or loading end
regions.

(iv) The finite element models captured the decreasing
trend in axial capacity and showed reasonable agreement
with the observed damage zones. However, the models
overpredicted the experimental capacities, with FEM to
experiment ratios from 1.051 to 1.080 and a mean absolute
relative error of 6.91%.

Overall, the results provide preliminary experimental
and numerical evidence that partial RCA replacement can
be considered for short reinforced concrete compression
members under the adopted hot and dry curing condition.
Within the tested range, the 25% RCA replacement level
caused small reductions in both concrete strength and
column capacity, while the 45% replacement level still
retained more than 92% of the control cube strength and
more than 93% of the control column capacity.

Since no standard curing control group was included,
the independent effect of hot and dry curing could not be
isolated. Future studies should include more RCA sources,
larger specimen numbers, standard curing control
specimens, different column geometries, different
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reinforcement ratios, and more complete strain and
displacement measurements.

3. Acknowledgements

The authors sincerely acknowledge Lac Hong
University for supporting this study under grant number
LHU-RF-TE-26-05-04.

4. References

[1] Hanh V. K. and Huyén N. T., “Nghién ctru quan 1y chat
thai ran xay dung tai ha noi theo dinh hudng kinh té tuan
hoan,” Tap Chi Moi Truwong, no. 1, pp. 3—7,2022.

[2] R. V. Silva, J. de Brito, and R. K. Dhir, “Properties and
composition of recycled aggregates from construction
and demolition waste suitable for concrete production,”
Constr. Build. Mater., vol. 65, pp. 201-217, 2014

DOI: 10.1016/j.conbuildmat.2014.04.117

[3] K. P. Verian, W. Ashraf, and Y. Cao, “Properties of
recycled concrete aggregate and their influence in new
concrete production,” Resour. Conserv. Recycl., vol.
133, pp. 3049, 2018

DOI: 10.1016/j.resconrec.2018.02.005.

[4]S. A. Memon, Z. Bekzhanova, and A. Murzakarimova,
“A review of improvement of interfacial transition zone
and adherent mortar in recycled concrete aggregate,”
Buildings, vol. 12, no. 10, p. 1600, 2022

DOI: 10.3390/buildings12101600

[5] M. Etxeberria, E. Vazquez, A. Mari, and M. Barra,
“Influence of amount of recycled coarse aggregates and
production process on properties of recycled aggregate
concrete,” Cem. Concr. Res., vol. 37, no. 5, pp. 735—
742,2007

DOI: 10.1016/j.cemconres.2007.02.002.

[6] H. Q. Dang, P. D. Hoang, T. A. Bui, T. H. T. Ngo, and
A. T. Chu, “Research on the possibility of applying
concrete using recycled aggregates from waste concrete
to build rural roads,” J. Min. Earth Sci. Vol, vol. 61, no.
6, pp. 6673, 2020

DOI: 10.46326/JIMES.HTCS2020.09.

[7] Téi P. T., Cong V. C., and Tuyén T. N., “Nghién ctru
dién hinh vé bé tong cdt lidu tai ché tir phé thai xay dung
tai ha ndi,” Tap Chi Vat Liéu Va Xay dung-Bo Xay
Duyng, vol. 15, no. 5, pp. 108-Trang 115, 2025, doi:
10.54772/jomc.05.2025.1148

[8] R. P. Neupane, T. Imjai, N. Makul, R. Garcia, B. Kim,
and S. Chaudhary, “Use of recycled aggregate concrete
in structural members: a review focused on southeast
Asia,” J. Asian Archit. Build. Eng., vol. 24, no. 3, pp.
1197-1220, 2025

DOI: 10.1080/13467581.2023.2270029.

[91F. A. Ali, Q. A. Hasan, and D. H. Mohammed,
“Behavior of Recycled Aggregate Concrete Slender
Column under Concentric Axial Loading,” E3S Web
Conf., vol. 427, p. 02016, 2023

DOLI: 10.1051/e3sconf/202342702016.

[10] T.T. Pham, K.H. Nguyen, and T.T. Nguyen,
“Compressive strength of confined reinforced recycled
coarse aggregate concrete columns,” GEOMATE J., vol.
29, no. 136, pp. 69-77, 2025

DOI: 10.21660/2025.136.5217

[11] T.T. Pham, K.H. Nguyen, “Co ngot trong két ciu bé
tong”, Nha xuit ban Xay dung, Ha Noi, 2026.

[12] B Xay Dyng, Chi dan ki thudt lva chon thanh phdn
bé téng cdc logi. Nha xuét ban Xay dung, 2000.

[13] Bo Khoa Hoc Va Cong Ngh¢, “Hardened concrete —
test method for compressive strength,” By Khoa hoc va
Cong nghé, Ha Noi, Vietnamese National Standard
TCVN 3118:2022, 2022.

[14] B6 Khoa Hoc Va Cong Ngh¢, “Concrete — control and
assessment of strength using moulded specimens,” B
Khoa hoc va Cong nghé¢, Ha No6i, Vietnamese National
Standard TCVN 10303:2025, 2025.

[15] Dassault Systémes, Abaqus 2024 documentation:
embedded elements, rigid body definition, and element
library. Johnston, Rhode Island: Dassault Systémes
Simulia Corp., 2024. Accessed: Jul. 28, 2026.

[16] Dassault Systémes, Abaqus 2024 documentation:
inelastic behavior and concrete damaged plasticity.
Johnston, Rhode Island: Dassault Systémes Simulia
Corp., 2024. Accessed: Jul. 28, 2026.

[17] J. Lubliner, J. Oliver, S. Oller, and E. Ofate, “A
plastic-damage model for concrete,” Int. J. Solids Struct.,
vol. 25, no. 3, pp. 299-326, 1989

DOI: 10.1016/0020-7683(89)90050-4.

[18] J. Lee and G. L. Fenves, “Plastic-damage model for
cyclic loading of concrete structures,” J. Eng. Mech., vol.
124, no. 8, pp. 892-900, Aug. 1998

DOI: 10.1061/(ASCE)0733-9399(1998)124:8(892).

[19] B. Alfarah, F. Lopez-Almansa, and S. Oller, “New
methodology for calculating damage variables evolution
in plastic damage model for RC structures,” Eng. Struct.,
vol. 132, pp. 70-86, Feb. 2017

DOI: 10.1016/j.engstruct.2016.11.022

[20] British Standards Institution, “Eurocode 2: design of
concrete structures — part 1-1: general rules and rules for
buildings,” British Standards Institution, London, British
Standard BS EN 1992-1-1:2004, Dec. 2004

DOI: 10.3403/03178016u

JSLHU, Issue 27, 2026


https://doi.org/10.1016/j.conbuildmat.2014.04.117
https://doi.org/10.3390/buildings12101600
https://doi.org/10.54772/jomc.05.2025.1148
https://doi.org/10.21660/2025.136.5217
https://doi.org/10.1016/j.engstruct.2016.11.022
https://doi.org/10.3403/03178016u

