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To optimize the main components of reactive powder concrete (RPC) for various curing methods, based on the fluidity and
compressive strength, an inclusive experimental research is conducted on 58 different mixture ratios. The results indicate that
owing to the increase of the cement strength, the RPC fluidity decreases and the cement strength is not proportional to the
compressive strength. The addition of the fly ash and the nano-microbead is an effective way to improve the fluidity, and it is
required at the low W/B ratio. However, the influence of the SF grade on the strength and fluidity is almost negligible. By
considering the fluidity, strength, and economy of RPC as crucial design factors, SF90 is suggested. The contribution of the steel
fiber to the compressive strength cannot be ignored. The upper envelope value of the steel fibers is required for the structure to
resist appropriately against the fire. According to the test results, the mixture ratio formula is proposed through considering the
characters of different compositions and curing methods. The strength coefficient k; is introduced to verify the influence of the
steel fiber content, and the parameters f,, «,, and e, in the formula are reevaluated. A reasonably good agreement between the
calculated strength and those obtained from the tests is reported, except for the case of W/B = 0.16 with P.0.52.5 cement. The basic
steps for preparations of different RPC strengths are given, which provide a valuable reference to choose appropriate raw materials

and mixture ratio design for different strength values.

1. Introduction

Reactive powder concrete (RPC) [1] is a relatively new type
of cement-based composite material successfully developed
by Richard in 1993 with ultrahigh strength, good volume
stability, and excellent durability [2]. On account of the fact
that RPC has superior performance indicators, such as
chloride ion permeability, anticarbonation, antifreeze-thaw
resistance, and corrosion resistance [3, 4], it satisfies higher
requirements for durability in marine engineering, chemical
workshops, projects in the salt lake area, and other high-
erosion environments. Researchers have paid more attention
on the components of RPC mixture, investigating the in-
fluence on the mechanism of compressive strength of RPC in
terms of the substitution from silica fume to mineral flour or
rice hull ash, variance of the water-to-binder ratio (W/B),
optimization of raw material particle-size distribution, and
different curing methods [5-8]. Until now, the preparation
of RPC200 in the experiment is mature, and recently RPC

was applied to practical projects such as high-speed railway
bridges, industrial plant reconstruction, sidewalk boards,
and nuclear waste storage facilities [9-15]. The issued na-
tional standard named as Reactive Powder Concrete in
China (GB/T 31387-2015) [16] will accelerate the RPC re-
searches and more engineering applications.

In this paper, we aim to provide a guide to optimise the
preparation of different strength levels from RPC100 to
RPC180, including the influential factors on the strength and
fluidity, and accordingly setting up the mixture ratio formula
for different RPC strengths. Section 2 introduces the details
of the main components and properties, three curing
methods, and details of 58 mixture ratios. Section 3 analyses
the effect of cement grade, silica fume (SF) grade and
content, the content of fly ash (FA), N-MB and steel fiber,
W/B ratio of 0.16~0.26, and curing methods on the strength
and fluidity of RPC. Ultrahigh strength exposes RPC to high
risk of explosive spalling in fire. With the aim of reducing the
potential danger, Section 4 refers to the formula of the upper
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envelope value (ps_,,) and the average value (py) of steel
fiber content by Chen et al. [17] and compares with the
minimum steel fiber content by Reactive Powder Concrete
(GB/T 31387-2015). According to the results obtained from
the abovementioned researches, in Section 5, we will set up
the mixture ratio formula taking the affecting factors into
consideration on the RPC preparation which shares the
same principle of normal concrete (NC). Finally, with results
of some general observations, the recommendations for
ongoing works are given in Section 6.

2. Materials and Mixture Ratios

Basic principles for preparation of high-performance RPC
include elimination of coarse aggregates, optimization of the
granular mixture, postset heat-treating, and incorporating
small-sized steel fibers [1]. In this paper, RPC is prepared by
the following components. (1) P.0.42.5 and P.0.52.5 or-
dinary Portland cement from Tangshan Jidong Co., Ltd. (2)
SF of grade SF85, SF88, SF90, SF93, and SF97 from Shanghai
Tiankai Co., Ltd., which are classified in accordance with the
content of SiO, and their detailed chemical compositions are
listed in Table 1. (3) The grade I FA from Beijing. (4) Nano-
microbead (N-MB) with the average particle size of 1/20 of
the fly ash. It is widely used to replace FA in practice, to
increase the fluidity and the strength of RPC, for its high
compressive strength of the sphere exceeding 800 MPa [14],
and demands less water. (5) High-purity quartz sand with
diameters in the range of 600~360um and 360~180 um,
produced by Henan Green Source Environmental Pro-
tection Co., Ltd. in which the mass fraction of SiO, exceeds
99.6%. (6) Ultrafine and ultrashort copper wire microfibers
produced by Changhong Steel Plant Co., Ltd in Anshan City,
with the diameter of 0.20 mm, length of 13 mm, and tensile
strength of 2850 MPa. All the material properties satisfy the
Chinese standard.

The standard curing (C1), most frequently used for NC,
is selected. In order to activate the volcanic ash activity, the
steam curing (C2) with 90°C steam in the tank and curing in
the autoclaved reactor (C3) with themaximum temperature
of 200°C and the maximum pressure of 1.3 MPa (Figures 1
and 2) are used. Fluidity of the mixture is measured by the
cement mortar fluidity tester according to the jump table
method. Compressive strength is tested by the TYE-3000B
pressure testing machine, applying the average value of three
cubic specimens with a side length of 70.7 mm.

In order to examine the influence of the cement strength,
W/B ratio, curing methods, and contents of steel fiber, SF
and FA, on the fluidity and compressive strength of RPC, six
groups of experiments (G1-G6), which include 58 different
mixture ratios, are carried out. G1 shows the effect brought
by the cement strength change of P.0.42.5 and P.0.52.5,
with the W/B of 0.16 and 0.20. G2 indicates the change of the
W/B ratio from 0.16 to 0.26 under three curing methods. The
effect of steel fiber content of 1%~3% under autoclave curing
is indicated in G3, owing to the fact that it is the most
economic ratio. The effect brought by the SF grade and its
content can be discovered in G4. The effect brought by the fly
ash content is shown in G5. G6 illustrates the effect brought
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TaBLE 1: Chemical composition of various SF.

Item SF85 SF88 SF90 SF93  SF97
Si0, (%) 86.4 89.02 9209 948 97.77
K,O (%) 134 132 112 063 026
Na,O (%) 052 052 042 035  0.29

Loss on ignition

under 750°C (%) 1.87 1.8 1.6 0.9 0.8
Water content (%) 0.41 0.41 0.4 043 041
Surface area (mz/g) 18 18 19 19 19

200~350 (origin)

Volume density (kg/m?) 600~700 (condense)

Ficure 1: Autoclaved reactor.
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FIGURe 2: The time-history of temperature and pressure in the
autoclaved reactor.

by the N-MB content. The details of the RPC mixture ratios,
fluidity, and average cubic strength of the specimens are
presented in Table 2.

3. Analysis of Factors Influencing RPC
Compressive Strength and Fluidity

3.1. Cement Strength Grade (G1). It is apparent from data of
Gl in Table 1 that, in the case of W/B = 0.16, the fluidity of
the RPC mixture decreases evidently from 136 mm to
123 mm after replacing P.0.42.5 with P.O.52.5 cement. It
was difficult to cast when P.0.52.5 was replaced, and thus the



Advances in Materials Science and Engineering 3

TaBLE 2: The mixture ratio of the specimens and the test results.

Group W/B FA N-MB Fiber Curing method Fluidity (mm) Strength test/cal. (MPa) Variation (%)

0.16 0.15 0.15 — (0X) 136 158/161 1.9
Gl 0.16 0.3 0.15 — C3 123 164/177 7.9
0.2 0.3 — — C3 187 129/128 -0.8
0.2 0.3 — — C3 182 143/141 -1.4
0.16 0.15 0.15 — Cl 136 129/130 0.8
0.17 0.3 — — Cl1 145 126/123 -24
0.18 0.3 — — Cl 159 117/116 -0.9
0.19 0.3 — — Cl 172 108/109 0.9
0.2 0.3 — — C1 187 103/104 1
0.22 0.3 — — Cl 209 95/94 -1.1
0.24 0.3 — — C1 223 86/86
0.26 0.3 — — Cl 237 77179 2.6
0.16 0.15 0.15 — C2 136 138/143 3.6
0.17 0.3 — — C2 145 136/134 -1.5
0.18 0.3 — — C2 159 129/126 -2.3
G2 0.19 0.3 — — C2 172 122/120 -1.6
0.2 0.3 — — C2 187 113/114 0.9
0.22 0.3 — — C2 209 106/103 -2.8
0.24 0.3 — — C2 223 97/94 =31
0.26 0.3 — — C2 237 86/87 1.2
0.16 0.15 0.15 — C3 136 156/161 3.2
0.17 0.3 — — C3 145 153/151 -1.3
0.18 0.3 — — C3 159 147/143 -2.7
0.19 0.3 — — C3 172 139/135 -2.9
0.2 0.3 — — C3 187 131/128 -2.3
0.22 0.3 — — C3 209 120/116 -3.3
0.24 0.3 — — C3 223 105/106 1
0.26 0.3 — — C 237 98/98 0
0.16 0.15 0.15 1 C 130 185/186 0.5
0.16 0.15 0.15 2 C3 127 197/199 1
0.16 0.15 0.15 3 C3 119 215/211 -1.9
0.18 0.3 — 1 C3 148 173/165 -4.6
0.18 0.3 — 2 C3 142 181/177 -2.2
G3 0.18 0.3 — 3 C3 138 193/187 =31
0.22 0.3 — 1 C3 206 138/135 -2.2
0.22 0.3 — 2 C3 201 150/144 -4
0.22 0.3 — 3 C3 194 156/152 -2.6
0.26 0.3 — 1 C3 236 110/114 3.6
0.26 0.3 — 2 C3 233 118/121 2.5
0.26 0.3 — 3 C3 229 123/128 4.1
0.18 0.3 — 2 C3 147 175/177 1.1
0.18 0.3 — 2 C3 154 178/177 -0.6
G4 0.18 0.3 — 2 C3 159 183/177 -3.3
0.18 0.3 — 2 C3 163 181/177 -2.2
0.18 0.3 — 2 C3 167 180/177 -1.7
0.18 0.15 — 2 C3 137 182/177 =2.7
0.18 0.2 — 2 C3 142 187/177 =53
0.18 0.25 — 2 C3 153 184/177 -3.8
G5 0.18 0.3 — 2 C3 159 180/177 -1.7
0.2 0.15 — 2 C3 161 164/159 -3
0.2 0.2 — 2 C3 173 159/159 0
0.2 0.25 — 2 C3 179 155/159 2.6
0.2 0.3 — 2 C3 187 152/159 4.6
0.16 0.3 — 2 C3 122 189/199 53
0.16 0.225 0.075 2 C3 129 195/199 2.1
G6 0.16 0.15 0.15 2 C3 136 200/199 -0.5
0.16 0.075 0.225 2 C 143 207/199 -3.9
0.16 0 0.3 2 C 141 209/199 -4.8

Note. The steel fiber ratio is based on RPC volume, and the ratio of other components is based on cement mass. (2) The contents of silica fume and quartz sand
keep the same as SF content is 0.3, and quartz sand is 1.2. (3) P.O0.42.5 is used in G2~G6. (4) SF90 is used in G1~G3 and Gé.



casting quality becomes poor. It is due to this fact that the
cement fineness decreases by increasing the strength of the
cement. Simultaneously, the needed water increases. Due to
the poor casting quality, the RPC strength using P.0.52.5 is
merely 4% higher than that of P.O.42.5 for the case of W/B =
0.16.

In the case of the W/B being 0.2, the fluidity of the RPC is
sufficient and the fluidity would reduce from 187 mm to
182mm after replacing P.0.42.5 with P.0.52.5 cement.
However, the RPC’s strength on the basis of P.O.52.5 was
about 10.9% higher than that based on P.0.42.5. But
according to “Specification for Design of Mix Ratio of
Ordinary Concrete” [20] in China, the NC strength is
proportional to the cement strength, which means that the
concrete strength based on P.0.52.5 should be 23.55%
higher than that based on P.0.42.5. So it is different in the
cases of applying RPC and NC.

3.2. W/B Ratio and Curing Methods (G2). Figure 3 shows
that the RPC strength in terms of the W/B ratio varies from
0.16 to 0.26 under standard curing, steam curing, and au-
toclave curing. As shown in Figure 2 and G2 in Table 1, by
increasing the W/B from 0.16 to 0.26, the fluidity grows from
136 mm to 237 mm, while the strength decreases from
129MPa to 77 MPa under standard curing. Meanwhile,
under the steam and autoclave curing conditions, it would
decrease from 138 MPa to 86 MPa, and from 156 MPa to
98 MPa, respectively. Through conducting the research us-
ing the same W/B ratio, the RPC strength increases ap-
proximately by 11% under the steam curing, while the
obtained strength under the autoclave curing is about 25%
higher than under the standard curing. It is believed that the
high-temperature curing, such as steam and autoclave,
contributes to activate the volcanic ash activity by SF and FA
in RPC components and yields a large increase in com-
pressive strength in a relatively short time.

The fitting between the RPC strength and the W/B ratio
shows that the strength of the RPC is inversely proportional
to the W/B ratio. By comparing the fitted curves with the
experimental data, it is found that most of the experi-
mentally observed data have a little deviation from the fitted
values. However, for the case of W/B = 0.16, the observed
strengths from the test are lower than the fitted curves, and
the deviation is larger. This is mainly due to this fact that, in
the case of W/B = 0.16, the fluidity is 136 mm and the RPC
mixture has hardened, and it causes difficulty for the bubbles
to be expelled. Consequently, the casting quality cannot be
ensured, in which the compressive strength is affected [7].

3.3. Steel Fiber Content (G3). Owing to the fact that the
pore between aggregates in NC is significantly larger than
the fiber diameter (which is about 0.2 mm), effect of the
increasing steel fibers on the strength is not apparent.
However, for the RPC, the maximum diameter of the coarse
aggregate quartz sands is only 0.6 mm, the internal pores are
very tiny such that their size are nearly equal to the fiber’s
diameter, the steel fibers are closely bound to the mortar and
the coarse aggregate, the reinforcement, toughening, and
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FiGure 3: The experimental plots of the W/B in terms of the
compressive strength for different curing methods.

cracking resistance of steel fiber to the RPC matrix are
obvious, and the contribution of the steel fiber to the
compressive strength cannot be ignored [6]. The fibers
improve the tensile strength of RPC and also make it
possible to obtain the required level of ductility [1].

Data of G3 in Table 1 show that, with an increase of the
steel fiber content, the fluidity of the RPC decreases while the
strength increases. However, when the W/B reaches
0.16~0.18, the internal friction force of the RPC mixed with
the steel fiber would apparently increase, and such an effect on
the fluidity of the RPC is apparent; for the W/B in the range of
0.20-0.26, the fluidity of the RPC is sufficient, and adding steel
fiber do not affect on the RPC fluidity significantly. Fur-
thermore, by the addition of 1% steel fiber, the strength in-
creases significantly, which is 12%~19% higher than that of no
steel fiber; by adding 3% steel fiber in the case of the W/B =
0.16, the strength raises about 38%, while it increases only 26%
for W/B = 0.26. Consequently, with the increase of the W/B,
the influence of the steel fiber on the compressive strength
decays. The reason of this is that, with the growth of the W/B,
the fluidity increases, the internal porosity raises, and the
density reduces, which leads to the reduction of the enclosing
force of the RPC slurry to the steel fibers. Therefore, the
suggested fiber content is below 2%, which will maintain
a good balance between RPC strength, fluidity, and economy.

3.4. SF Grade (G4). Most of the researchers have tried to
adopt SF in RPC preparation from Elkem Co., Ltd in
Norway, which has provided excellent quality and stable
performance to obtain higher strength. The preparation of
the SF from abroad requires higher investment, and it is not
suitable for extensive application in the local projects.
Therefore, five grades (SF85/SF88/SF90/SF93/SF97) are
selected for the test. According to the results of G4 in Table 1,
the fluidity of SF97 is approximately 11% higher than that of
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SE85, which is primarily due to the decrease of injurious
impurities of carbon and alkalis, as well as the reduction of the
required water by increasing of SiO,. However, the fluidity of
SE85 meets the RPC pouring condition. As the SF grade
grows, the RPC strength decreases slightly, and the range of
change is barely 3%, so the influence of the SF grade on the
RPC strength is almost negligible. The SF grade is classified
according to the content of SiO,. The actual contents of SiO,
in SF97 and SF85 in order are about 97.77% and 86.4%, which
show an increase of about 12%. However, as the SiO, purity
increases, the production process will be changed and the
difficulty increases, which leads to a higher cost since the price
of SF97 is approximately 5 times of the price of SF85.
Therefore, by taking into account fluidity, strength, and
economy of RPC as the major factors, SF90 is suggested.

3.5. FA Content (G5). Research has shown that FA can
further improve the fluidity and ease of the fresh slurry and
then reduce the viscosity and bubbles introduced in stirring
and vibration due to high viscosity, thus enhancing the
compactness of the mixture. Therefore, FA plays a significant
role in improving fluidity of the RPC with a low W/B. Data
of G5 in Table 1 show the fluidity and strength of the RPC for
W/B = 0.18 and 0.2, and the content of the FA varies from
0.15 to 0.3. The given test data demonstrate that, for W/B
lower than 0.18, adding FA can improve the fluidity and the
strength; when the W/B is greater than 0.18 with enough
liquid, adding FA will reduce the compressive strength.
Since the price of the FA is lower than that of the cement, the
inclusion of the FA will be helpful in reducing the prepa-
ration cost of the RPC.

3.6. N-MB Content (G6). Feng Naiqian studied the physical
properties of N-MB. It was reported that N-MB is a globular
and smooth vitreous body, while N-MB would be very
beneficial in preparation of high-performance and ultrahigh-
performance concrete [18]. According to the data of G6 in
Table 1, when the W/B ratio is 0.16, the fluidity of the RPC is
not obviously improved by growing the FA; however, its
strength weakened. Therefore, with the increase of the N-MB
substitution, the fluidity increases and the casting effect is
apparently improved obviously. When the content of both
N-MB and FA is 0.15, the fluidity is more than 130 mm, which
met the requirements of pouring. Since the density of the
N-MB is greater than that of the FA, the density of the RPC
improves while the fluidity grows by increasing of the N-MB.
In fact, the RPC strength increases about 11% by replacing all
the FA with the N-MB. However, because of this fact that the
price of the N-MB is 3 times of the FA price, it is suggested
that, in the case of W/B = 0.16, the mass fraction of both
N-MB and FA should be 0.15, and the RPC strength is ap-
proximately 6% higher than the case with only FA = 0.3.

4. Steel Fiber Content to Resist the Explosive
Spalling of RPC

The inclusion of fibers improves the tensile strength of the
RPC and also makes it possible to obtain the required level of

the ductility. Hence, the code of Reactive Powder Concrete
(GB/T 31387-2015) suggests the minimum fiber ratio to
be 0.7%~2.5% for RPC100~RPC180, which is in the eco-
nomic optimum range of 2% as suggested by Richard and
Cheyrezy [1].

Since fire is one of the severest hazards to the buildings
and structures, the fire resistance should be considered for
their designs. One of the key issues for the fire resistance
design is to avoid explosive spalling. It is demonstrated that
as the concrete strength increases, the microstructure be-
comes denser, the permeability decreases, and thereby, the
probability of the explosive spalling in fire becomes higher.
In other words, there exists a high risk of explosive spalling
in fire situations for RPC with ultrahigh strength. According
to the performed research work by Zheng et al. [19], single or
mixed polypropylene (PP) fibers and steel fibers can be
exploited to prevent the RPC from the fire spalling. Chen
et al. [17] collected the research data of the steel fiber ratio to
prevent explosive spalling in concretes whose compressive
strengths are in the range of 40-170 MPa. For preventing
explosive spalling, the relationship between the amount of
steel fibers and the concrete compressive strength was
explained. Equation (1) presents the upper envelope value
(p f_up) Of the steel fiber content to prevent explosive spalling
by the collected research data, and Equation (2) displays its
average value (p), for the concrete strength in the range of
40-170 MPa:

Prup = 0.0017exp(£§1) +1.05, (1)
ps =0.001 exp(%) +0.80. (2)

Table 3 shows the minimum steel fiber content given by
Reactive Powder Concrete (GB/T 31387-2015) and the value
calculated by Equations (1) and (2). Based on Table 3, the
upper envelope value by Equation (1) is higher than the
minimum value by the code, so it does not ensure the safety
for the structures whose fire resistance should be checked
when adopting the fiber content suggested by the code. But
the average value by Equation (2) is smaller than the sug-
gested minimum value by the code when the strength is in
the range of 120~160 MPa. So, in order to guarantee the
structure safety against fire, it is suggested to use Equation
(1) for fiber content calculations before a more refined value
could be proposed by more research on the fire resistance of
the RPC.

5. RPC Mixture Ratio Design

5.1. The Formula of Mixture Ratio Setup. The formula of the
NC mix proportion by Bowromi is widely used. Owing to the
fact that the RPC is cement-based composite material as NC
[1], we try to amend the NC mix proportion formula
considering the RPC characters for different compositions
and special preparation processes. New strength coeflicient
k, is introduced to consider the influence of the steel fibers
content on the RPC strength, and the parameters f,, «,, and



TaBLE 3: A comparison between the fiber content by the code and
the values of p,_, and p .
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TaBLE 4: The values of «, and «a;, of the RPC under different curing
methods.

RPC grade  f* ~ Minimum value by code  p Fup Pr

RPC100 100 0.70 1.18 0.88
RPC120 120 1.20 1.36 0.98
RPC140 140 1.70 1.80 1.24
RPC160 160 2.00 2.83 1.85
RPC180 180 2.50 5.31 3.31

oy, in the formula can be revaluated by the test results in
Section 3. The proposed formula is as follows:

fcu,O = kl <$Va—{g - (xa(xbfb)' (3)

For the cement type P.0.42.5, f, is equal to 49.3
according to the suggested formula by the code, namely,
Ve X fceg- From Section 3.1, the RPC strength with P.0.52.5
cement is approximately 10.9% higher than that with P.
0.42.5, which is not proportional to the cement strength. For
instance, f resulted in 54.2 under condition of applying P.
0.52.5.

Unlike the NC, the postset heat-treating is required to
enhance development of microstructures within the RPC, and
therefore, the steam curing and autoclave curing are mostly
implemented for the RPC. «, and o, for the three curing
methods are revalued by using Figure 2, which are also
presented in Table 4. From the data in Table 4, it can be
discovered that the regression coefficient «, of the RPC under
standard curing and steam curing is less than that of the NC.
This is consistent with the test results which display that the
RPC test value is smaller than that proposed by the code.

According to Section 3.3, the strength magnification
coeflicient (k;) for different steel fiber contents is provided in
Table 5. We found that the slop between the fiber content
and the RPC strength decreases. It implies that, for the fiber
contents higher than 3%, the steel fiber content has a trivial
influence on the strength of the RPC. Because of this fact,
most researchers suggest that the economic optimum value
of the steel fibers should be considered below 2% or
155kg/m”’.

According to the abovementioned parameter values, the
calculated values of strength based on Equation (3) are given
in Table 1; the calculated strength and the test data are also
listed. It is demonstrated that, in the case of W/B = 0.16 with
the cement of P.0.52.5, the deviation rate reaches 8%. And
the deviation rates of all others are within the engineering
allowable error range of +5%. Actually, the calculated values
by the proposed formulations are in a good agreement with
the experimentally obtained results.

5.2. The Suggested Step for Preparation of Different RPC
Grades. According to the required RPC design strength, the
minimum steel fiber content by the code is used for the
structures without consideration of the fire resistance, and
otherwise, the upper envelope value by Equation (1) should
be employed. Thereafter, the fiber content is confirmed, and
then the k; value is extracted from Table 5. Next, we proceed

Curing Standard Steam Autoclave

NC . . .
method curing curing curing
a, 0.53 0.43 0.47 0.54
ocb 0.2 0.1 0.1 01

TaBLE 5: The strength magnification coefficient (k;) for different
fiber ratios.

Steel fiber content 1% 2% 3%
k, 1.16 1.24 1.31

in determining the regression coeflicients o, and oy
according to the curing method by using Table 4. After
a simple transformation of Equation (3), the W/B can be
obtained from Equation (4). For the case of the W/B lower
than 0.2, some FA can be added to improve the fluidity.
When the FA content reaches 0.3 and the fluidity fails to
satisfy the casting request, the N-MB can be partially used as
a replacement of the FA, and thus, enhancing the RPC
fluidity:

w kl“af b

—_—= (4)
B fcu,O + kl‘xaabfb

6. Conclusions and Future Works

The following conclusions can be obtained from the per-
formed experimental and the given analyses:

(1) RPC is a cement-based composite material, com-
plying with W/B ratio rule and water-demand rule.
The W/B ratio, the steel fiber content, and the curing
method play a key role in the RPC strength. Both FA
and N-MB help us to improve the RPC fluidity, and
application usage of the SF90 grades in the RPC leads
to an economic optimum design.

(2) RPC has a very compact microstructure and so the
probability of spalling at high temperatures grows.
Generally, the suggested minimum value by the code
is smaller than the upper envelope value according to
Equation (1). In order to guarantee the structure
safety in the fire conditions, it is suggested to exploit
formula (1) for fiber content calculation before the
accurate value will be obtained by more research on
fire resistance of RPC.

(3) According to the test results, the widely used
Equation (3) of the NC mixture ratio by Bowromi is
adopted, and the parameters k;, f}, «,, and oy, are
recalculated to consider the RPC characters. This
study is expected to apply to the mix proportion
design of the RPC by considering different curing
methods and various steel fiber contents. Most of the
calculated strength values by this formula are in
a good agreement with experiments. The procedure
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of the RPC mixing is given, which can be used to
instruct the RPC preparation.

(4) More mix proportion tests are needed to deal with
the accuracy of the parameters. Actually, more
studies or experiments should be conducted to an-
alyse the mechanical behaviour of the RPC with
different materials made in different areas. Re-
searches on fire resistance are required before the
RPC could be exploited in large scales.
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