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ABSTRACT

This study examines the strength development of Reactive Powder Concrete (R-P-C) under various curing
methods. The R-P-C mixture was prepared using a ratio of 1:0.25:1.11 by weight of high-quality ordinary
cement, Silica Fume (S-F), and fine Sand (S), along with 2% by concrete volume of micro steel fibers. In
addition to Normal Curing (R-N) utilized as a control approach, three alternative curing methods were
evaluated: Autogenous + Normal Curing (R-AN), Steam + Normal Curing (R-S), and coating with a Water
(W)-based liquid curing compound (R-C). The results indicated that R-S significantly enhanced the
compressive strength of R-P-C as the curing duration increased from 1 to 3 days. The strength
improvements at 7, 28, and 90 days were measured at 13.99%, 15.97%, and 16.47% for 1 day of R-S;
15.42%, 17.44%, and 18.48% for 2 days; and 17.52%, 18.49%, and 20.04% for 3 days. This method
accelerated chemical reactions within the cement matrix, having promoted stronger bonds and higher
early-age strength, making it the most effective technique for maximizing the strength gain. R-AN for 2
days, followed by 26 days of W immersion, also proved beneficial, having increased compressive strength
by 10.85%, 11.05%, and 12.2% at 7, 28, and 90 days, respectively. This method effectively retained
moisture, having facilitated optimal chemical reactions and steady strength development. Similarly, (R-C)
improved compressive strength by 12.55%, 12.71%, and 13.82%, having minimized evaporation and
maintained internal moisture. Furthermore, improvements in compressive strength were accompanied by
proportional increases in flexural and splitting tensile strengths across all curing methods.
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I.  INTRODUCTION

Ultra-High-Performance Concrete (UHPC) is distinguished
for its superior durability and workability [1, 2]. UHPC has
gained significant scientific interest owing to its exceptional
strength (exceeding 100 MPa) and superior toughness
compared to Ultra-High Strength Concrete (UHSC), attributed
to fiber inclusion [3, 4]. The application of UHPC in the
construction of bridges and buildings is common [5, 6]. R-P-C
is classified within the group of UHPC [7]. The term "reactive
powder" indicates that all powdered constituents in the R-P-C
exhibit chemical reactivity [8]. R-P-C consists of extremely
fine powders, including S, S-F, Portland cement, and quartz
powder. Steel fibers are occasionally utilized; however,
Superplasticizers (SPs) are consistently applied to lower the
W/C ratio, below 0.2, enhancing R-P-C workability [9, 10]. Its
tightly packed micro-structure offers R-P-C ultra-high strength
and long-term durability [11]. The R-P-C cementitious
compositions result in tension or compression brittle failure.
For this reason, fiber reinforcements are incorporated [12, 13].

The incorporated fibers can enhance concrete performance
under dynamic and static loads [14]. As mentioned earlier, the
R-P-C has a dense micro-structure and is often reinforced with
fibers, contributing to its exceptional mechanical properties.
However, these properties are sensitive to curing conditions.
Therefore, optimizing the curing methods and understanding
their impact on R-P-C performance is crucial. Authors in [15]
examined fiber-reinforced R-P-C compressive strength. The
findings indicated a compressive strength 33% greater than that
that of the non-fiber reinforced R-P-C, making it appropriate
for utilization in structural components requiring higher early
compressive strength. Authors in [9] investigated the steel fiber
reinforced R-P-C. The steel fiber incorporation resulted in a
significant tensile strength enhancement, but in a minor
enhancement in compressive strength as the fiber volume
percentage increased from 0 % to 3 %. The improvement of the
mechanical properties is influenced by several factors,
including fiber shape, fiber length, and curing conditions [16,
17]. Proper curing plays a crucial role in achieving the desired
characteristics of concrete, such as durability and strength. This
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is especially important in the early stages of concrete
development, as it enhances cement hydration [18].

Various curing procedures substantially influence the
concrete strength. Numerous studies indicate that curing
techniques, including autoclaving, steam curing, and W curing
can improve the mechanical properties of fiber-reinforced
concrete [19, 20]. The structural form, mixed elements, weather
conditions, and other factors influence the selection of the
curing process utilized [21]. Several investigations have
demonstrated that the mechanical characteristics of R-P-C can
be enhanced by heat curing. Authors in [22] examined the
impact of magnetized W on R-P-C, and the results revealed
enhancements in the splitting tensile, flexural, and compressive
strength of the R-P-Cs subjected to various curing processes.
Authors in [23] investigated the effect of normal hot W curing
on the properties of locally produced R-P-C. The results
showed improvements in compressive, flexural, and tensile
strength with the use of S-F, fly ash, and the addition of steel
and glass fibers. Hot W curing further enhanced the
compressive strength. An experimental study [24] explored the
effect of hot W and hot steam curing on the mechanical
properties of R-P-C. The findings exhibited that hot W curing
at 90°C significantly enhanced the mechanical properties.
However, despite the advancements in R-P-C, limited research
has compared the influence of different curing methods on its
mechanical properties. While individual methods, like R-S, R-
AN, and R-C have shown positive results, a thorough
evaluation of their effectiveness in enhancing early and long-
term strength development is still needed. The current study
aims to evaluate the influence of various curing methods on the
compressive, flexural, and splitting tensile strength of R-P-C,
providing valuable insights for optimizing curing strategies in
practical applications.

II.  EXPERIMENTAL INVESTIGATION

e Ordinary Cement (OC): The Ordinary Portland Cement
(OPC) was utilized within the specification limits provided
in [25], with CEM 1-42.5R grade.

e S-F: Amorphous sub-micron powder S-F was utilized, with
120% strength activity index, complying with [26].

e S: Sika S, finer than 0.6 mm was used, conforming with
[27]. Its fineness modulus, absorg)tion, and bulk density
were 1.9%, 1.2%, and 1500 kg/m”, respectively. The SO;
contents equaled to 0.2%, and so were within the IQS limits
(£ 0.5%). The main properties of OC, S-F, and S are listed
in Tables I and II.

e Superplasticizer (SP): SikaViscocrete-180GS-type F&G
conforming to [28], was used in this study. It is a light-
brownish aqueous solution of modified-polycarboxylates
with a PH value and density equal to (4-5) and 1.07 kg/L,
respectively.

e Micro Steel Fiber (SF-M): Hongu Steel Fiber with 0.2 mm
nominal diameter and 13 mm length was utilized, resulting
in an aspect ratio (L/D) equal to 65.

e  Water (W), complying with [29], was used.

TABLE L. PHYSICAL PROPERTIES OF INGREDIENTS
Physical properties
Constituents Specific surface | Specific Compressive strength
area (mzlkg) gravity (MPa)
OPC 287 m'/kg 3.15 2 days: 21, 28 days: 44.7
Limits of [25] >280 m'/kg - 2 days > 20, 28 days > 42.5
S-F 16 m’/kg 221 -
Limits of [26] >15 m/kg - -
TABLE II. CHEMICAL COMPOSITION
Chemical composition (%)
Constituents 20| Sio, | ALO. | M2O | Fe,0 SO Moisture LOI
2 PAVA) g 203 3 content
OPC 63 20 5.1 3 33 22 - 2.8
N 2.8% if
Lu[n;;s] of ) ) ) <5% ) CA > ) <4
3.5%
S-F 0.11| 925 | 021 0.12 | 0.10 - 0.7 3
Limits of
[26] - >85 - - - - <3 <6
III. DESIGN AND PREPARATION
A. Design

The R-P-C mixture was designed based on [9, 22], and
several trial mixes were performed. Table III outlines the
selected materials and their proportions. The measured fresh
density of the concrete was 2110 kg/m?3, and the flow table test
yielded a result of 112 mm, aligning with the specified range of
110 £ 5 mm [30].

TABLE III. MIXTURE PROPORTIONS BY (kg/m’)
C S-F S W W/Cm SF-M SP
900 225 1000 230 0.204 156 28.5

B. Mixing and Casting

The adopted mixing program was conducted according to
[22]. Three types of molds were prepared to reach the goals of
this study, as depicted in Table IV and Figure 2.

TABLE IV. DETAILS OF CASTING AND MOLDS
Mold Dimensions Cai\s‘tmg Strength test T?stmg
type (mm) specification specification
Cube | 100 x 100 x 100 [31] Compressive [32]
Prism 75 x 75 x 300 [33] Flexural [34]
. Splitting
Cylinder 100 x 200 [33] tensile [35]

Fig. 1.

Constituent materials used in the mixture.
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(a) Compressive strength test for cubic specimens, (b) flexural
strength test for prismatic specimens (one-point load), (c) splitting tensile
strength test for cylindrical specimens.

Fig. 2.

C. Curing

Different curing methods were selected to achieve various
objectives related to enhancing concrete performance and
adapting to environmental conditions. R-N ensures optimal
hydration and strength development, while R-S accelerates
hardening and an early strength gain. The R-C with W-based
liquid curing compound reduces moisture loss by evaporation,
prevents cracking in dry environments, and eliminates the need
for other costly curing methods. Additionally, R-AN minimizes
self-shrinkage and improves the long-term properties of
concrete, enhancing material quality and durability. The curing
procedure involves:

1. R-N: R-P-C specimens were cured according to [33],
which involves immersing the specimens in W at room
temperature (laboratory conditions) until the age of testing
at 7, 28, and 90 days, as portrayed in Figure 3(a).

2. R-C: The top surfaces of the specimens were sprayed with
a W-based liquid curing compound, commercially known
as Sika-Antisol WB IQ two hours after casting. The
remaining surfaces were sprayed one day later, following
the removal of the molds, as shown in Figure 3(b).

3. R-S: The R-P-C specimens were cured in high-
temperature W at 50 + 2 C, as proposed in [36], for
several days, as depicted in Figure 3(c):

e R-SNI: 1-day in mold + 1-day in hot W + 27-days R-N.
e R-SN2: 1-days in mold + 2-days in hot W + 26-days R-N.
e R-SN3: 1-days in mold + 3-days in hot W + 25-days R-N.

4. R-AN: The specimens were cured [37], which involved
covering them with plastic wrap at room temperature for
the first 2 days after casting. Subsequently, the specimens
were submerged in W until the testing ages, as illustrated
in Figure 3(d).

IV. RESULTS AND DISCUSSION

A. Compressive Strength

The results of the various curing regimes' influence on the
R-P-C compressive strength development are presented in
Figure 4. The compressive strength improvement from the
lowest to the highest was: R-AN, R-C, and R-S, which
increased with an R-S duration from 1 to 3 days.

(d)

(a) R-N, (b) R-C, (c) R-S, (d) R-AN.

Fig. 3.

= m7-days  w28-days &0-days
= ¢ .8 2 & g
E _Dé_, gg ‘Sfﬁ SEN g: EE
Z CENE-CHE-S B B é
g w8 3 % % %
I[E (=8
(a) =
B
w
W
:
8 R-N R-C FE-8N1 R-8N2 R-8N3 ER-AN
BEGIME OF CURING
B 7-days m28-days m90-days
=
3 3
2 g =
= 5% goE  QEn
g g8 B92 4T - 9
S @g% = 2893
= g="
(m : |‘ “ ‘ I
=
E I
dl
R-C R-8N2 R-8N3 R-AN
REGIME OF CURING

Fig. 4. (a) Compressive strength of the R-P-C mix with different curing
methods, (b) percentage improvement in R-P-C mix compressive strength for
each curing method.

The improvements of 10.85%, 11.05%, and 12.2% were
recorded at 7, 28, and 90 days of curing, respectively, for the
R-AN regime, emerging from keeping the maintained W
content without loss. Therefore, the proper chemical reactions
are compatible with the results of [22]. The R-C technique with
the W-based liquid curing compound proved its efficiency with
many other types of concrete, such as normal concrete with
different levels of strength [38] and roller-compacted concrete
[39, 40]. Improvements of up to 12.55%, 12.71%, and 13.82%
can be expected owing to its high capacity to retain moisture
and minimize evaporation loss. The R-S method, one of the
most used techniques, is particularly beneficial in precast

www.etasr.com

Albakry & Abbas: Evaluation of Reactive Powder Concrete Strength using Various Curing Methods



Engineering, Technology & Applied Science Research

concrete production due to its ability to accelerate early
strength development. As R-S increased from 1 to 3 days, a
corresponding improvement in compressive strength was
observed. The strength gains at 7, 28, and 90 days were:
13.99%, 15.97%, and 16.47% for 1 day of R-S; 15.42%,
17.44%, and 18.48% for 2 days and 17.52%, 18.49%, and
20.04% for 3 days. This specific method demonstrated the
highest improvements. Several studies [23, 24, 40, 41] also
proposed hot W curing as an effective alternative for enhancing
concrete strength.

B. Flexural and Tensile Strength

The different curing methods' impact on the R-P-C flexural
and tensile strength is shown in Figures 5 and 6, respectively.
The improvement of flexural and tensile strength can be sorted
as compressive strength from the lowest to the greatest is: R-
AN, R-C, and R-S, with an increase corresponding to the
duration of steam curing from 1 to 3 days. It was noted that
these results are similar to the compressive strength findings.
The improvement for the R-AN regime was 8.54%, 9.04%, and
10.48% for flexural strength, and 7.55%, 8.86%, and 9.26% for
tensile strength at 7, 28, and 90 days of curing, respectively. R-
AN relies on internal moisture, but its efficiency is limited
compared to other methods. It provides moderate strength
improvements, as hydration occurs more slowly. These results
agree with [24]. The R-C curing regime improvement was
11.22%, 11.74%, and 12.18% for flexural strength, and 10.255,
9.95%, and 10.95% for tensile strength, at 7, 28, and 90 days of
curing, respectively. These improvements can be attributed to
the fact that C-R prevents moisture loss, ensuring sustained
hydration and gradual strength improvement. Finally, for the R-
S regime, the improvement in flexural strength at 7, 28, and 90
days, respectively, was 12.82%, 13.35%, 14.08% for 1 day of
curing, 14.24%, 14.75%, 15.81% for 2 days, and 16.225,
16.765, 18.21% for 3 days. For tensile strength, the
improvement at 7, 28, and 90 days, respectively, was 11.855%
12.25%, 12.85% for 1 day of curing, 13.25%, 13.96%, 14.56%
for 2 days, and 15.25%, 15.85%, 16.95% for 3 days. These
improvements are due to R-S accelerated hydration reactions,
leading to faster and more significant strength development.
Moreover, the longer durations of R-S (1 to 3 days) further
enhance microstructure, resulting in higher strength
improvement over time. These results agree with [23, 24, 40,
41].

m7-days m28-days 00-days
< -
2 e 9w K gf <
- o =Rt — - ola]
= L2008t 8 § b 8|«
] o — . - =
g o= & 2 g
o @ o =
(a) =
&
5
=
RE-N R-C E-8N1 R-SN2 R-3N3 R-AN
REGIME OF CURING

Vol. 15, No. 2, 2025, 21685-21690 21688
u7-days n 28-days 00-days
g ey
LE?L\ - 0 §F ==
iz 85 G 2
E - sE%
(b) ® x o
=
=
E-C E-8N1 E-8N2 E-8N3 RE-AN
EEGIME OF CURING
Fig. 5. (a) Flexural strength of the R-P-C mix with different curing

methods, (b) percentage improvement in R-P-C mix flexural strength for each
curing method.

mT-days w28-days m90-days
= E =1 — =
S .80 o8 8 3
3 =] .2
§ cam = Mo Lo Ao gg oiod
F o Ed o % o0
S
5
(@) ]
:
W
1)
7]
&
=
R-N R-C R-SN1 R-8N2 R-SN3 R-AN
REGIME OF CURING
o 7-days m28-days mQ0-days
&
v =
= o 8 a Pj =
) vy & o =
w MNes 3
=i W o
= g & o= -
= Sgs - =
= o g a
® 2 4=
=1 [
&}
=
:
(=9
R-C R- R-5N2 R-SN3 R-AN
REGIME OF CURING
Fig. 6. (a) Tensile strength of R-P-C mix with various curing methods, (b)

percentage improvement in R-P-C mix tensile strength for each curing
method.

V. CONCLUSIONS

This study investigates the influence of four different curing
methods on the mechanical properties of Reactive Powder
Concrete (R-P-C). Its compressive, flexural, and tensile
strength was evaluated through experimental testing. Based on
the results obtained, the following conclusions can be drawn:

e The autogenous curing (R-AN) method, followed by Water
(W) curing, demonstrates effective moisture retention,
leading to consistent strength development over time.

e Applying a W-based liquid curing compound (Sika-Antisol
WB 1Q) was proven to be a reliable technique for
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minimizing moisture loss and enhancing concrete strength
in challenging environments.

The highest improvements in mechanical strength
(compressive, flexural, and splitting tensile) were achieved
in the Steam + Normal Curing (R-S) regime, which
increased with a curing time duration from 1-3 days,
followed by Normal Curing (R-N) up to 28 and 90 days.

The correlation between R-P-C strength and the different
curing methods indicates that an increase in compressive
strength is accompanied by corresponding improvements in
flexural and splitting tensile strengths.

Selecting and implementing appropriate curing techniques
plays a crucial role in enhancing the long-term performance
and durability of R-P-C across various environmental
conditions.
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