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As a leading structural material, Reactive Powder Concrete (RPC) has recently attracted 
a great deal of interest in modern civil engineering. The increased examination is likely 
due to its remarkable structural capabilities and its remarkable endurance in a wide range 
of difficult climate conditions. Composites like Reactive Powder Concrete (RPC) are 
made from a combination of ingredients, such as microsteel fibers, quartz powder, silica 
sand, silica fume, and water. This study evaluated the ideal values for Reactive Powder 
Concrete, like Young’s modulus, compressive capacity, and flexural capacity. Another 
potential outcome is the use of RPC instead of more traditional steel reinforcement in 
certain structural contexts. Numerous theoretical and practical studies investigated in this 
study have shown that RPC has several benefits, such as ensuring structural integrity, 
preserving environmental sustainability, and being economically feasible to apply. 
Furthermore, it was found that Young’s modulus, compressive capacity, and flexural 
capacity for RPC were about 50–60 GPa, 200–800 MPa, and 50 MPa, respectively. This 
study also evaluates the mechanical performance of RPC structural components by 
applying compressive, flexural, tensile, and shear stresses. Finally, the testing methods, 
types of models, and failure modes of RPC were presented, and recommendations were 
made regarding its benefits and uses. 
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1. INTRODUCTION

Recent decades have seen tremendous progress in concrete
technology from engineers, leading to the creation of a specific 
version called Reactive Powder Concrete (RPC). Ultra-Supper 
Performance Concrete is the official name for this specific 
variety of concrete. Extensive quality control methods are 
implemented during the production processes batching, 
mixing, placing, compacting, and curing phases to ensure the 
production of Reactive Powder Concrete (RPC). The material 
being discussed is a cementitious matrix with remarkable 
mechanical characteristics, including ultra-high strength and 
outstanding ductility. When compared to regular cementitious 
materials, its distinctive mechanical properties stand out. The 
cementitious matrix of Reactive Powder Concrete (RPC) 
includes cement, quartz powder, silica sand, micro steel fiber, 
and superplasticizer, among other ingredients. RPC’s design 
aims to minimize variability between the aggregates and the 
cementitious matrix, which is why it is not comprised of coarse 
aggregate. In the beginning, P. Richard and M. Cheyrezy came 
up with the idea of RPC. Reactive powder concrete (RPC) was 
first conceived in France in the early 1990s. In 1997, it was 
used for the first time in a real construction project—the 
Sherbrooke Bridge in Canada [1]. Structural components 

made of reinforced polymer composite (RPC) are utilized to 
resist chemical attacks successfully, impulsive dynamic stress 
from earthquakes, and impact loads from boats and 
automobiles. 

2. DEFINITION OF RPC

The term RPC, as per the American Concrete Institute
(ACI), refers to a concrete mixture that satisfies specific 
criteria pertaining to uniformity and performance. The 
abovementioned criteria encompass potential enhancements in 
several qualities, such as casting and consolidation without 
segregation, early-age compressive strength, long-term 
mechanical concrete properties, and service life in difficult 
conditions [2, 3]. Two distinct variants of Reactive Powder 
Concrete exist: RPC 200 and RPC 800. RPC can potentially 
exist in two distinct forms: non-fibered and fibered. Fibrous 
reinforcements are employed to augment the fracture 
characteristics of composite materials. 

Because various factors impact concrete’s fresh and 
hardened qualities, the RPC production process is currently 
unclear. Even with comparable compositions, mixing 
technique, speed, and duration affect characteristics 
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dramatically. RPC density may be raised by applying pressure 
during concrete curing heat treatments. Heat curing requires 
fly ash and ground granulated blast-furnace slag. RPC’s final 
output also depends on curing time. Monitoring when concrete 
specimens are heated air-cured (HAC) is critical to avoid RPC 
performance issues. Autoclaving RPC without steel fibers for 
three days at 125℃ and heat treating it for seven days at 220℃ 
increases its mechanical qualities. The tensile behavior of 
Reactive Powder Concrete (RPC) treated with either method 
is identical after 28 days, so an experimental comparison of 
the effects of normal curing (NC) and steam curing (SC) 
procedures suggests that the NC method is a viable alternative 
to the SC method. 

3. BENEFITS OF RPC

The technology of producing Reactive Powder Concrete
contributes significantly to maximum structural performance 
and minimum environmental impact and provides a cost 
solution for a minimum total life cycle. Immediate and long-
term benefits are presented below and shown in Figure 1 [4]: 

1. Superior durability leads to immediate savings in
costs for rehabilitation due to low maintenance. 

2. Extending structures’ service life that leads to direct
elimination of consumption of new materials. 

3. Old UHPC structures could be recycled to produce
suitable quality aggregate for manufacturing new UHPC 
structural members. 

4. Lighter structures due to a significant reduction in
overall using of non-renewable raw materials, including 
aggregates and cement. 

5. Reducing overall CO2 emissions and the global
warming potentials due to direct savings in material 
consumption and using recycled materials, including silica 
fume and GGBS. 

Figure 1. Benefits of UHPC [5] 

4. APPLICATION OF RPC

Previous research showed that RPC could be used in
producing sustainable structural members for architectural and 
structural applications as follows [5]: 

1. Heavily loaded structures like bridges are one of the
structural applications of RPC due to their ultra-high strength 
and durability characteristics.  

2. Nuclear waste containment structures are also one of
the essential applications of RPC due to low permeability and 
low water absorption, leading to the elimination of corrosion 
of steel reinforcement, as shown in Figure 2. 

Figure 2. RPC vs. normal concrete [5] 

3. Building applications include long-span floors, ultra-
slender beams, ultra-agile, slender cross sections for 
pedestrian and highway bridges, pre-stressed elements, 
retaining walls, and piles. 

4. Marine structures are another RPC application due to
their inordinate sulfate resistance. 

5. Security panels against impact, blast loads, seismic.

5. CHARACTERISTICS AND COMPARISONS

RPC offers a substantial cost advantage compared to steel
in several structural applications. Beams fabricated utilizing 
Reactive Powder Concrete (RPC) have the potential to possess 
equivalent moment capacity as beams manufactured from steel 
when considering comparable cross-sectional dimensions and 
mass, as seen in Figure 3. 

Figure 3. RPC and steel beams of similar moment 
capacity [6] 

In their study, Gilbert et al. conducted a comparison 
between structural steel and pre-stressed Ultra-High 
Performance Concrete (UHPC) for beam and column sections. 
The comparison focused on both materials’ bending strength 
and flexural toughness, as seen in Figure 4. Furthermore, it is 
worth noting that Ultra-High Performance Concrete (UHPC) 
beam and column sections can be manufactured to possess 
comparable toughness, strength, and weight as steel beam and 
column sections. However, an essential advantage of UHPC 
structural members lies in their remarkable durability, which 
eliminates the need for corrosion protection measures in 
aggressive environments [7].
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Figure 4. UHPC vs. structural steel [7] 

Table 1. RPC vs. HSC [8] 

Material 
Characteristic 

RPC 
Compared 
with HSC 

Criteria That May 
Be Specified 

Compressive 
strength 

2-3 times
greater

Can be produced to 
810 MPa @ 2-12 hr. 

Tensile strength 2-6 times
greater 2-4 MPa @3-12 hr.

Elastic modulus 1-5 times
graters

More than 40 GPa by
ATM 

Total porosity 4-6 times
lower Max. particle size 

≤300 µm Micro-porosity 10-20 times
lower

Permeability 50 times 
lower 

500 to 2000 
coulombs, by ASTM 

C 1202 
Water 

absorption 7 times lower 2% to 5% by ASTMC 
642 

Chlorine Ion 
Diffusion 

25 times 
lower 

CI penetration: less 
than 0.07% CL at 6 

months, by AASHTO 
T259/260 

Abrasive wear 2.5 times 
lower 0-1 mm depth of

wear, by ASTM C
944 Corrosion 

velocity 8 times lower 

RPC technology enables the implementation of novel 
design methodologies in conventional building practices, 
hence enhancing the environmental friendliness and 
sustainability of concrete structures. Table 1 presents a 
comparative analysis of RPC (Reactive Powder Concrete) and 
high-strength concrete, highlighting their distinguishing 
characteristics. 

The experimental protocol comprises a set of mixes 
consisting of supercooled liquid water content (SLWC) and a 
series of mixed non-supercooled water content (NWC). The 
SLWCs series comprises a collection of 10 combinations 
designed to achieve a goal of compressive strength ranging 
from 35 to 40 MPa, together with a target air-dry density of 
less than 1900 kg/m3. In contrast, three sets of nanostructured 
cementitious materials (NWCs) with a specified compressive 

strength of 37.5 MPa were employed as benchmark mixes for 
the purpose of comparison. A series of standard experiments 
were performed to evaluate the fresh-state characteristics and 
mechanical behavior of the SLWCs subjected to compressive, 
flexural, and tensile stresses for each combination. 

6. PREVIOUS RESEARCH ON RPC

An experimental and theoretical study was performed by
Voo et al. [9] to investigate the effects of the geometry, the 
aspect ratio, and fiber volume fraction of steel fiber along with 
the pre-stressing levels on the structural behavior of RPC pre-
stressed girder of dimension (650×4500 mm) without shear 
reinforcement (stirrups) under shear stresses by applying mid-
span point load, as presented in Figure 5. The results indicated 
that fiber type and volume fraction had negligible effect on the 
cracking load. In addition, fiber type and amount significantly 
affected crack propagation and the ultimate loading capacity. 

Figure 5. Model details from Voo et al.'s study [9] 

Mutab and Dhafer [10] studied the production of Reactive 
Powder Concrete using the optimum proportions of local 
materials. They also investigated the effect of steel fiber on the 
mechanical properties of high-performance concrete. They 
used four proportions of steel fiber, which are 0, 1.5, 3 and 
4.5 %. The results showed the possibility of producing high-
performance concrete with compressive strength up to 150 
MPa using local materials. Also, increasing the proportion of 
steel fiber increases the compressive strength by 45%. Yousef 
et al. [11] studied the torsional behavior of shallow and deep 
beams made of high-performance concrete with a compressive 
strength of 200 MPa. Ten specimens were studied 
experimentally and theoretically, where the steel fiber content 
was 1.5%. The results showed that an increased distance 
between the shear bars of the beams reduces the torsional 
strength by about 6.7 %, where the maximum distance of the 
shear bars is twice the web width or 300 mm. 

Yousef et al. [12] conducted an experimental and analytical 
study of high-performance layered beams. The experimental 
program included examining ten specimens. The experimental 
results revealed that FGRC beams exhibited similar strength 
and ductility to those of pure UHPFRC beams but at a 
significantly lower cost. The proposed numerical model 
showed a high level of agreement with the experimental results 
for the studied FGRC beams. 

Abadel [13] performed experimental research on the 
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flexural behavior of reinforced concrete (RC) beams utilizing 
hybrid steel and glass fiber-reinforced polymer (GFRP) bars. 
The impact of overlaying the beams with ultra-high-
performance fiber-reinforced concrete (UHPFRC) is under 
investigation. The researchers performed four-point flexure 
experiments on eight beams composed of under-reinforced 
concrete measuring 120 × 185 × 1500 mm. The study’s 
objectives encompass crack patterns, failure mechanisms, 
load-deflection actions, bar strain curves, first-crack and 
maximum moments, energy ductility, and load-deflection 
behavior. Research has shown that the flexural capacity of RC 
beams was markedly enhanced when employing a hybrid 
system comprising UHPFRC as the upper layers, with steel 
and GFRP bars for longitudinal reinforcement, in addition to 
other elements. Yavas et al. [14] conducted an experimental 
analysis to evaluate the impact of different kinds of fiber on 
the shear characteristics of ultrahigh-performance fiber-
reinforced concrete beams. The key study focuses were the 
beams’ post-cracking deformability, cracking pattern, ultimate 
shear strength, and shear cracking strength. Fifteen beams of 
shear-unreinforced ultrahigh-performance fiber-reinforced 
concrete were fabricated and tested to failure under four-point 
stress to accomplish this. The steel fibers utilized in the 
construction of these beams were of three different types: 
straight, hooked, and double-hooked. Steel fiber volume 
fractions of 0.5%, 1.0%, and 1.5% were also present. In 
addition to the experimental program, three previously 
published numerical models for the shear capacity of fiber-
reinforced concrete beams were examined to demonstrate their 
applicability to ultrahigh-performance fiber-reinforced 
concrete beams. The testing findings indicated that the most 
efficient fiber type examined was the straight fiber, with a 
diameter of 13 millimeters. The incorporation of straight fibers 
measuring 13 millimeters in diameter and comprising 1.5% 
volumetric content altered the failure mechanism of the 
ultrahigh-performance fiber-reinforced concrete beam from 
shear to flexure in the absence of shear reinforcement. 

Bermudez et al. [15] aimed to empirically investigate the 
shear characteristics of ultra-high performance concrete beams 
(UHPC beams), as shown in Figure 6, incorporating a volume 
fraction of one to three percent of polyvinyl alcohol (PVA) and 
macro hooked-end steel (MHS) fibers, which are among the 
most prevalent fibers utilized in high-performance fiber-
reinforced cementitious composites. The factors examined in 
the experiment were fiber type, fiber volume %, shear span to 
effective depth ratio, and additional experimental parameters. 
Regardless of whether the shear transmits mechanism was 
governed by arch activity or beam action, it was demonstrated 
that both MHS and PVA fibers enhanced the shear behavior of 
UHPC beams. A thorough investigation produced this 
outcome. The typical crack spacing measurements indicate a 
significant disparity in the effects of fiber bridging produced 
by MHS fibers compared to PVA fibers in UHPC beams. 

Figure 6. Details of tested models by Bermudez et al. [15] 

Figure 7. Details of beams by Yang et al. [16] 

Research by Yang et al. [16] examined the effect of 
reinforcing ratio and placing technique on the flexural 
behavior of RPC beams through an experimental examination. 
The beams employed in the research have a size 
(2900×180×270) mm, as shown in Figure 7. According to the 
study’s results, placing the Reactive Powder Concrete (RPC) 
toward the form’s end rather than in the middle improved the 
beam’s structural performance. Furthermore, for rebar ratios 
of 0.012, 0.009, and 0.006, the ductility index showed values 
of 2.64, 1.79, and 2.01, accordingly, according to the results. 

Without the use of pressure or heat curing, as well as a 
traditional concrete mixer, Wille et al. [17] showed a method 
for producing RPC with a goal compressive strength of 150 
MPa. Here is the method for mixing: Before adding fine sand 
and silica fume to the mixer, give it a good five minutes of 
mixing. The next step is to add the cement and glass powder 
and mix for an additional five minutes. Afterward, a minute of 
mixing would be sufficient before adding the water. After that, 
stir in the superplasticizer for five minutes. Lastly, add the 
fibers (if using) and stir for another two minutes. Furthermore, 
the results demonstrated that compressive strength could be 
achieved up to 190 MPa in the absence of fiber addition and 
above 200 MPa in the presence of steel fibers. 

Danha [18] researched RPC’s mechanical characteristics in 
2012, during which the material was exposed to tensile and 
compressive stresses. When the quantity of silica fume was 
increased, the data showed that both the modulus of elasticity 
and the compressive strength increased. Additionally, the 
ascending section of the compressive stress-strain responses 
had a steeper slope. When the volume percent of steel fibers 
was raised from 0% to 3%, the compressive strength rose from 
135.593 to 151.62 MPa, the strain increased from 0.00009 to 
0.00373, and the tensile strength increased from 3.64 to 12.32 
MPa. This was shown by further investigation. Furthermore, 
when the quantity of fiber rose, the area beneath the tensile 
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stress-strain response also expanded significantly. 
Khalil [19] investigated the structural integrity of modified 

RPC with a goal compressive strength of 150 MPa. The 
crushed aggregates used in the study had a maximum particle 
size of 12.5 mm. The compressive strength of modified RPC 
was found to be improved with the use of a hot water technique 
during the curing process, as shown by the scientific findings. 
When hooked and crimped steel fibers with volume fractions 
of 0%, 0.5%, and 1% were used to produce modified RPC, the 
mechanical behavior was enhanced in terms of compressive 
strength, modulus of rupture, breaking tensile strength, impact 
strength, and static modulus of elasticity. Overall, the 
mechanical behavior was improved. 

Yousef et al. [20] conducted computational and 
experimental investigations to study the functioning of 
UHPFRC continuous deep beams with apertures. The testing 
program included seven continuous deep beams with openings 
and one solid beam with a comparable pattern. Considerations 
included theaperture’s height, width, and position and the 
transverse reinforcement ratio. The results show that the size 
and placement of the shear span opening are the most 
important elements in deciding how UHPFRC two-span 
continuous deep beams fail. Shear failure occurs in the 
diagonal strut, which is sandwiched between the support and 
the force provided by the opening edges. The ruling ruled that 
UHPFRC should not be used with the maximum spacing 
between stirrups (sv, max) as ACI 318-2019 stipulated. The 
failure stress was reduced by 36–43% when web holes of 20 
percent of the beam’s height were used instead of a solid beam 
of the same size. For specimens with the same hole height and 
placement, a 75% increase in aperture width reduced the 
failure load by about 27.8% compared to a similar beam. The 
developed three-dimensional numerical model accurately 
predicted the failure load and efficiency of UHPFRC 
continuous deep beams. 

In Figure 8, Hamad Al-shafi'i [21] tested the effects of 
various variables, such as the amount of steel fibers, silica 
fume content, ratio of longitudinal reinforcement, flange 
thickness, flange width, shear span to effective depth ratio, and 
the shear behavior of simply supports RPC T-beams without 
shear reinforcement under two-point static loading. As the 
ratio of shear span to effective depth increased from 2.5 to 3.5 
and 4.3, respectively, the cracking load decreased by 
approximately 11.11% and 33.33%, according to the results of 
this research. The models used in the study had a 2% fiber 
volume fraction and a 7.7% longitudinal steel reinforcement 
ratio. Furthermore, the ultimate load capacity was reduced by 
about 41.4 percent and 52.3 percent, respectively, when the 
ratio of shear span to effective depth rose from 2.5 to 3.5 and 
4.3. The cracking load increased somewhat as flange width 
and thickness increased, while ultimate loads increased 
significantly. 

Li et al. [22] assess the mechanical performance of UHPC 
T-section beams by fabricating and examining five specimens,
as shown in Figure 9, considering the varying SFVF. The
initial objective of our probe remains unaltered. Experimental
data is used to validate and enhance finite element analysis
(FEA) models of specimens. A parametric sensitivity analysis
is conducted to examine the influence of shear span ratio,
longitudinal reinforcement ratio, and stirrup ratio on the
bending-shear behavior of T-section beams. The findings
indicated that the ultimate load of the specimen rose with a rise
in SFVF, suggesting that steel fibers enhance shear capacity
rather than bending capacity. Moreover, SFVF has the

capacity to modify the failure mode. In specimens with SFVF 
over 2.5%, the failure mechanism transitioned from shear 
failure to bending failure as the shear span ratio increased. The 
results of the finite element method (FEM) parametric analysis 
confirmed this. Structures with a shear-friction-to-friction 
ratio (SFVF) of 1% or less are significantly influenced by the 
stirrup ratio ρsv regarding their shear performance, while those 
with an SFVF of 2% or above exhibit less sensitivity. 
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Figure 8. Details of beams of Hamad Al-shafi'i study [21] 

Figure 9. Details of tested models by Li et al. [22] 

Research that was performed by Ridha et al. [23] on the 
structural behavior of short RPC columns, as shown in Figure 
10, showed that the ultimate carrying capacity of RPC 
columns with and without steel reinforcement was higher than 
that of HSC columns by about 3.6 and 4.4 times. Moreover, 
the results also showed that a rupture failure mode was 
associated with RPC short columns with steel reinforcement, 
while a shear failure mode was associated with RPC short 
column models that were made without steel reinforcement. 

Figure 10. Tested column models details from Ridha et al.'s 
study [23] 
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Al-Ameedee [24] investigated the structural reaction and 
fracture properties of RPC beams that were simply supported 
and bent under bending loads. Beams reinforced with straight 
steel fibers and those strengthened with crimped steel fibers 
were the primary subjects of the study. According to the 
experimental results, the material’s mechanical characteristics 
were significantly enhanced when steel fibers—a mix of 
crimped and straight fibers—were introduced at a fiber 
volume fraction ranging from 0% to 2%. There was an 
increase of 176.98% and 150.8% in the splitting tensile 
strength, an increase of 20.63% and 20.19% in the 
compressive strength, an increase of 93.17% and 175.87% in 
the flexural tensile strength, an increase of 118.67% and 
106.67% in the impact strength, and an increase of 20.16% and 
17.92% in the static modulus of elasticity. Yan et al. [25] 
developed a technique to predict UHPC epoxy joints’ shear 
capabilities that accounted for unequal shear forces. The 
encoded joint elastic theory-based theoretical study examined 
unequal shear stress distribution. Elastic analysis was used to 
determine the epoxy joint factor of shear stress non-uniform 
distribution. The cohesive contact model was also employed 
to improve the FEA model that predicts epoxy layer 
shear/bond behavior. This idea was confirmed by test results. 
The average difference between predicted and actual values in 
experimental analysis is 12.0% (SD=0.092), according to 
assessment results. It’s promising that this approach may 
forecast future results. 

Four two-span continuous beams, as shown in Figure 11, 
constructed of ultra-high performance fiber reinforced 
concrete (UHPFRC), were studied for their moment 
redistribution capability by Visintin et al. [26]. In order to 
ascertain whether it was suitable to extend current empirical 
design approaches to UHPFRC, a variety of reinforcement 
ratios were investigated. The results of the experimental 
analysis show that the observed moment redistribution was 
more than what the algorithm anticipated for beams where the 
hinge formed at the support. The moment redistribution that 
was actually seen was far less than what the algorithms had 
predicted for the beam with the hinge created within the load 
areas.  

Figure 11. Beam Model Details from Visintin et al.'s 
research [26] 

The structural behavior of Reactive Powder Concrete with 
fly ash as a pozzolanic material was studied by Agharde and 
Bhalchandra [27] to determine the influence of varying 
percentages of steel fiber and the substitution of fly ash for 
silica fume. The results demonstrated that for compressive 
strengths of up to 90 MPa, replacing up to 40% of fly ash with 
silica fume was cost-effective. Furthermore, flexural and 
tensile behavior were also improved with 0.75% fibers.  

By substituting glass powder for quartz powder, 
Kushartomo et al. [28] studied the structural behavior of RPC 
subjected to flexural and tensile stresses. The results showed 
that RPC manufactured using glass powder had a final 
compressive strength of 136 MPa, a final split tensile strength 
of 17.8 MPa, and a final flexural strength of 23.2 MPa.  

Research on the bond between Reactive Powder Concrete 
(produced using steel fiber) and steel reinforcement was 
conducted by Bae et al. [29] utilizing the direct pull-out test. 
According to the data, an increase in the compressive strength 
of the RPC matrix reinforced with steel fibers led to an 
increase in the ultimate binding stress between the two 
materials. According to the data, adding 1% steel fiber volume 
fraction quadrupled the ultimate binding strength between the 
RPC matrix and steel reinforcement; however, adding 2% steel 
fiber had no discernible effect. 

Aljabbri et al. [30] studied the properties of Reactive 
Powder Concrete under the influence of high temperatures. 
Four samples were created and exposed to temperatures up to 
1000℃. The researchers tested the tensile, sagging, and 
peeling resistance of the surface. Furthermore, it was 
concluded that Reactive Powder Concrete can withstand high 
temperatures and loses about 70% of its resistance. 

7. SUMMARY AND CONCLUSIONS

Reactive powder concrete is an elite type of concrete
mixture that has an ultra-dense microstructure that provides 
beneficial durability characteristics and waterproofing. 
Therefore, RPC suits different structural applications, 
including nuclear and industrial waste storage facilities. 
Findings include: 

• The expansion of Reactive Powder Concrete is built
based on some simple engineering philosophies to accomplish 
improved high compaction, excellent homogeneity, improved 
workability, microstructure, and extraordinary ductility.  

• Previous researchers suggested using RPC in various
structural applications due to its elite mechanical 
characteristics, which include high compressive performance, 
tensile performance, flexural performance, and excellent 
durability.  

• Thinner cross sections could be produced using RCP
compared to usual or high-strength concrete cross sections. 

• Steel could replace RPC in some applications due to
its superior durability and structural properties. 

• The utilization of RPC in compression proved to be
more efficient than the utilization of RPC in tension. 

• The use of steel fiber in the production of RPC has a
considerable impact on the mechanical behavior of concrete. 

• Reactive powder concrete cannot be produced
without using concrete admixtures and steel fiber. 

• The strength of the samples made of Reactive Powder
Concrete was observed to increase by 135% compared to the 
conventional concrete samples. 

• Reactive powder concrete is affected by temperature,
losing about 70% of its strength when exposed to 1000℃. 
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NOMENCLATURE 

ACI American Concrete Institute 
CO2 Carbon Dioxide 
CFRP Carbon-Fiber Reinforced Polymer 

GPa Gigapascal 
GGBS Ground Granulated Blast-furnace Slag 
HSC High Strength Concrete  
MPa Megapascal  
NSC Normal Strength Concrete  
RPC Reactive Powder Concrete 
UHPC Ultra-High Performance Concrete 
SFVF Steel Fiber Volume Fraction 
UHPFRC Ultra-High Performance Fiber Reinforced 

Concrete 
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