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Abstract: The objective of this study was to examine the shrinkage and creep of reactive power
concrete (RPC) with different steel fibre contents (0%, 1% and 2% by volume). A total of 37 RPC
specimens were prepared and tested for compression strength, elastic modulus, shrinkage, and creep.
In addition, different axial stress ratios (0.2, 0.3 and 0.4) were used in the creep tests. Furthermore,
the accuracy of the ACI 209-82 model, CEB-FIP 90 model, B3 model, and GL 2000 model for predicting
the shrinkage and creep of RPC was evaluated and new numerical shrinkage and creep models were
developed. The experimental results revealed that the compressive strength and elastic modulus
increase with increasing steel fibre content. The shrinkage and creep decreased with increasing
addition of steel fibre from 0% to 2%. A good linear relationship was found between the axial stress
ratios and creep strain. All four existing models were unable to accurately predict the shrinkage and
creep of RPC. A good agreement between the experimental results and proposed shrinkage and creep
numerical models was observed. Therefore, it is suggested that the proposed shrinkage and creep
models can be used to calculate the shrinkage and creep of RPC.
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1. Introduction

Reactive powder concrete (RPC) is a type of ultra-high performance concrete which has been
developed in the last two decades [1,2]. RPC has superior compressive and tensile strengths, which can
significantly reduce the dead load of structures [3,4]. Thus, it is especially suitable for long-span bridge
decks, thin-plate structures, and field-cast joints for precast bridge decks [5]. It possesses superior
energy absorption owing to the addition of steel fibre [6], provides good structural reliability, and has
excellent durability, leading to a long service life. It is also almost impermeable, which almost entirely
prevents carbonation and penetration of chlorides and sulphates, thereby making it suitable for use in
harsh climatic conditions such as freeze-thaw or coastal areas [7]. However, the high cement content
(usually as high as 800–1000 kg/m3) affects production costs and increases the risk of shrinkage [8–12].
Furthermore, the addition of silica fume increases the risk of shrinkage and creep of RPC [13–16].

Shrinkage and creep can significantly affect the long-term characteristics of concrete. In large
scale structures, shrinkage and creep can increase the width of cracks and structural deformation.
It can also cause stress loss in the prestressed reinforcement of prestressed components [17]. Therefore,
it is important to predict and monitor the shrinkage and creep of concrete. In recent years, many studies
on the shrinkage and creep of normal strength concrete have been carried out, and mature theories
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and models have been developed [18–20]. However, there are relatively few studies on the shrinkage
and creep of RPC. To produce RPC, it is necessary to minimize the aggregate size, increase the
paste/aggregate ratio, decrease the water/binder ratio, add silica fume and steel fibre, and use
steam-heat curing. All these measures make the shrinkage and creep characteristics of RPC different
from those of normal strength concrete.

Peiliang Shen et al. investigated the autogenous shrinkage of steam-heat cured RPC [21],
and the results showed that three factors (i.e., steel fibre, silica fume, and aggregate size) have
significant effects on the autogenous shrinkage of RPC. Furthermore, the autogenous shrinkage
mainly occurred during the stream-heat curing period. Ehsan Ghafari et al. studied the effects of
different supplementary cementitious materials (i.e., silica fume, fly ash, and ground granulated blast
furnace slag) on the autogenous shrinkage of RPC, and developed an autogenous shrinkage model
for RPC [16]. Shamsad Ahmad et al. conducted studies on the shrinkage of RPC with water curing
for 3 days, and observed that the shrinkage increases with increasing water/binder ratio, cement
content, and silica fume content [22]. Nguyen found that adding rice husk ash to RPC can reduce
the autogenous shrinkage of RPC significantly [23]. Moreover, several other measures such as using
expansive additives, shrinkage reducing admixtures, or coarser cement particles, and improving
curing conditions were identified to decrease the autogenous shrinkage of RPC [24–27]. Mo Jinchuan
et al. demonstrated that both the autogenous and drying shrinkage of RPC increase with raising
granulated blast furnace slag (GBFS) [28]. C.M. Tam et al. studied the dry shrinkage of RPC with
water curing for 28 days, and found drying shrinkage increases with increasing water/binder ratio
and superplasticizer dosage [6]. A. Cwirzen suggested that adding coarse aggregate to RPC can reduce
its drying shrinkage and creep [29]. A. Graybeal found that high compressive stress (axial stress of
higher than 0.60) on relatively low strength RPC cause significant short-term creep [30].

To the best of the authors’ knowledge, previous studies on the shrinkage and creep of RPC have
mainly focused on the autogenous shrinkage of RPC. The effects of RPC components on autogenous
shrinkage have been investigated. In addition, some measures have been purposed to decrease the
autogenous shrinkage of RPC. In present times, RPC is widely used in prefabricated components.
For commercial RPC, steam-heat curing is typically used in order to accelerate the hydration process
and strength development [31], but there are relatively few studies on the shrinkage of RPC after
steam-heat curing and creep in RPC. Furthermore, there is no RPC shrinkage and creep model to
predict shrinkage and creep of RPC at present, most of the existing shrinkage and creep models were
developed from experimental data fitting, and the results of these models are mostly compared to data
related to normal strength concrete. Hence, these models are suitable for normal strength concrete
rather than RPC [32]. The applicability of the existing shrinkage and creep models for RPC needs to be
further verified.

In this study, the shrinkage after steam-heat curing and creep of RPC have been investigated.
To this end, a total of 18 samples were prepared for compressive strength and elastic modulus tests,
9 samples for shrinkage tests, and 10 samples for creep tests. In addition, the influence of steel fibre on
the compressive strength, elastic modulus, shrinkage, and creep of RPC was investigated. The effect of
axial stress on the creep of RPC was also examined. Finally, the shrinkage and creep of RPC predicted
by widely used models were compared with the experimental data to verify the applicability of the
models for RPC, and new shrinkage and creep numerical models were developed for RPC.

2. Materials and Mix Proportions

2.1. Raw Materials

Type I Portland cement (PC), silica fume (SF), water, quartz sand, quartz powder, steel fibre (ST),
and superplasticizer (SP) were used to produce the RPC samples. The Type I cement conforms to
Chinese National Standard GB175-2007 [33], and has a specific gravity of 3.20. The silica fume is
an extremely fine material with a particle size smaller than 0.1 µm. The specific surface area and dry
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bulk density of the silica fume are 18.4 m2/g and 0.65 kg, respectively. The chemical components of
the cement and silica fume are given in Table 1. Quartz sand with a particle size distribution in the
range of 0.01–0.50 mm was used as an aggregate, and quartz powder with particle sizes from 10–45 µm
was used as a micro-filler. The superplasticizer is a polycarboxylic acid water reducer with a specific
gravity of 1.20, allowing for water reduction of up to 25% to achieve the target workability. The mixing
water is tap water from Harbin, China. The diameter and length of the steel fibre are 0.22 mm and
13 mm, respectively. The tensile strength of the steel fibre is greater than 2850 MPa. The steel fibre
used in this study is shown in Figure 1.

Figure 1. Steel fibre used in this study.

Table 1. Chemical composition of cement and silica fume.

Constituent Cement (%) Silica Fume (%)

CaO 63.37 0.39
SiO2 22.08 95.11

Al2O3 5.72 0.43
Fe2O3 3.05 0.42
K2O 0.43 0.48
MgO 2.02 0.17
Na2O 0.19 0.19

Equivalent alkalis (Na2O + 0.658K2O) 0.33 0.64
SO3 2.10 0.28

Loss on ignition 0.71 1.89

2.2. RPC Mixtures and Curing Conditions

37 RPC samples were prepared for tests of the compressive strength, elastic modulus, shrinkage,
and creep. The W/B (water-binder ratio) for all RPC specimens is 0.20. Steel fibre contents of 0%,
1% and 2% by volume of mixture were used. The specific mix proportions are listed in Table 2.
The numbers in Table 2 represent mass ratios of the RPC mixtures.

Table 2. RPC sample mixtures for experiments.

W/B Cement SF Quartz Sand Quartz Powder SP ST 1 (%)

0.20 1.00 0.30 0.70 0.35 0.024 0
0.20 1.00 0.30 0.70 0.35 0.024 1
0.20 1.00 0.30 0.70 0.35 0.024 2

1 Volume percentage.
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The mixing procedure affects the material properties of RPC [34], and the manufacturing method
for RPC is different from that of normal strength concrete. To minimize the impact of the mixing
process, all the mixtures were made using the same planetary mixer. Based on previous studies [28,35],
the mixing procedure is as follows:

(I) The cement, silica fume, quartz sand, and quartz powder are mixed in a dry state for approximately
2 min at a low speed of approximately 140 rpm. During this dry mixing process, steel fibre was
added to the mixtures.

(II) 50% of the water and 50% of the superplasticizer were gradually added to the mixtures, and the
mixtures were stirred for 3 min at a high speed of approximately 280 rpm.

(III) The remaining 50% of the water and the superplasticizer were added to the mixtures, which were
then stirred again for 3 min at a high speed of approximately 280 rpm.

(IV) After mixing, the RPC was poured into moulds and vibrated until fully consolidated.

After 24 h, the RPC samples were removed from the moulds, and the samples were cured in
a special curing box at a temperature of 90 ◦C and relative humidity (RH) of greater than 95% for 48 h.
The samples were then moved to a testing room with a temperature of 20 ◦C and a relative humidity
(RH) of 60% until the experiments were performed.

3. Experiments

3.1. Compressive Strength and Elastic Modulus Tests

The compressive strength and elastic modulus of RPC samples after 28 days were determined
experimentally. According to Chinese standard test methods for mechanical properties of concrete [36],
100 × 100 × 300 mm prisms were loaded uniaxially. The tests were conducted at a loading rate of
approximately 0.5 MPa/s. Three samples for the compressive strength test and an additional three
samples for the elastic modulus test were tested at each steel fibre content.

3.2. Shrinkage Tests of RPC

For the shrinkage test, 100 × 100 × 400 mm prisms of RPC were cast. After steam-heat curing,
all the RPC samples were placed in the testing room at a controlled temperature of 20 ◦C and a relative
humidity of 60%, and the shrinkage tests were conducted immediately. The shrinkage test was
designed according to the Chinese standard for test methods of long-term performance and durability
of concrete [37]. Two dial gauges with a gauge length of 200 mm were placed on opposite sides of
the sample, as shown in Figure 2. For each steel fibre content, the shrinkage was measured for three
samples, and the average of the three measured shrinkage strains was reported.

Figure 2. Shrinkage tests of RPC.
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3.3. Creep Tests of RPC

For the creep tests, RPC samples were cast in 100 × 100 × 400 mm prisms. After curing the
RPC, the samples were all placed in the testing room for 25 days before beginning the creep tests.
A total of 10 RPC specimens (in 5 groups) were tested, and the experimental parameters are outlined
in Table 3. Self-resisting loading frames were used to conduct the tests, as shown in Figure 3. In each
group, two of the same specimens were stacked one on top of the other. A load was applied using
an oil-pressure jack at the scheduled loading time, monitored with a pressure sensor, and sustained
with the bolts of the pressing rods for the scheduled load duration to determine the compressive creep
strain. Two dial gauges were set on opposite sides of the sample with a gauge length of 200 mm.
For each self-resisting loading frame, the total strains of the two samples were measured, and their
average was reported. The creep strain was determined by subtracting the instantaneous strain and
the shrinkage strain from the total strain.

Figure 3. Creep tests of RPC.

Table 3. RPC creep experiment parameters.

Group t0 (day) ∆t (day) f c (MPa) η ST%

I

28

330 120 0.2 0
II 329 120 0.3 0
III 329 120 0.4 0
IV 329 134 0.3 1
V 329 142 0.3 2

Note: t0 is the RPC age at loading, ∆t is the load duration, f c is the compressive strength at loading, and η is the
axial stress ratio, defined as the ratio of the loading stress to the compressive strength.

4. Results and Discussion

4.1. Compressive Strength and Elastic Modulus of RPC

The compressive strength and elastic modulus were determined for RPC samples after 28 days of
aging. As shown in Figure 4, the compressive strength and elastic modulus of the RPC samples increase
with increasing steel fibre content. The compressive strength increases from 120 MPa to 142 MPa,
and the elastic modulus increases from 44.7 GPa to 48.0 GPa as the steel fibre content increases
from 0% to 2%. The compressive strengths of the RPC samples with 1% and 2% steel fibre content
are 11.9% and 18.3% higher, respectively, than that of RPC samples without steel fibre. The elastic
modulus of the RPC samples with 1% and 2% steel fibre content are 4.4% and 7.3% greater, respectively,
than that of RPC samples without steel fibre. The strength of RPC is far greater than that of normal
strength concrete, which is usually in the range of 20–80 MPa. RPC has a dense structure, which is
attributed to the low W/B, hydration of the cement, and the pozzolanic effect of the SF [38]. As a result,
the RPC has an ultra-high strength. The steel fibre plays the role of a bridge and dowel in the RPC
samples. Increasing steel fibre content can make more fibres to sustain the load, which decreases
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the stress between fibres and matrix and restricts the development of microcracks and transverse
deformation. Thus, the compressive strength and the elastic modulus increase with increasing steel
fibre content [39,40].

Figure 4. Compressive strength and elastic modulus of the RPC samples: (a) Compressive strength; (b)
Elastic modulus.

4.2. Shrinkage of RPC

Figure 5 shows the variation in the shrinkage strain of the RPC samples with age. At the early ages,
the shrinkage strain increases at a fast rate, and the shrinkage reaches a steady state at approximately
200 days. However, the shrinkage of RPC is much smaller than that of normal strength concrete,
which is usually on the order of several hundred micro strain or more. With the improved uniformity
and minimized pore size of the RPC, the escape of moisture is inhibited, capillary stress is reduced,
and as a result, the shrinkage is also reduced. The shrinkage decreases with increasing steel fibre
content. The final shrinkage of the RPC samples with 1% and 2% steel fibre content is 10.6% and 15.0%
less, respectively, than that of the RPC samples without steel fibre. This is similar to the effect of steel
fibre on shrinkage in normal strength concrete [41,42]. The positive effect of steel fibre for reducing the
shrinkage of RPC can be explained as follows:

(I) During the process of mixing the steel fibre into the RPC matrix, some micron-scale water films
are formed on the steel fibre surface. As a result, calcium hydroxide crystals form directly on the
surface of the fibre and grow with no constraints, which forms a loose reticular structure at the
interface of the steel fibre and RPC matrix, thereby reducing shrinkage [43].

(II) The distribution of steel fibres presents a three-dimensional random state. The steel fibres cross
and overlap to form a skeleton, which can hinder the development of free shrinkage owing to the
high elastic modulus of the steel fibre [44,45].

Figure 5. Shrinkage strain of the RPC samples with age.
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4.3. Creep of RPC

4.3.1. Effect of the Axial Stress Ratio on the Creep of RPC

The stress-dependent strain is the sum of the instantaneous strain and the creep strain, the specific
creep is the creep strain caused by unit stress, and the creep coefficient is the ratio of the creep
strain to instantaneous strain at loading time. Figure 6 shows the variations in the stress-dependent
strain, specific creep, and creep coefficient of the RPC samples subjected to different stress ratios with
time. The stress-dependent strain and its growth rate both increase with increasing axial stress ratio.
However, the specific creep and the creep coefficient of RPC samples subjected to different axial stress
ratios are almost the same. This indicates that the creep of RPC is linear when the axial stress ratio is
less than 0.4, which is consistent with the behaviour of normal strength concrete.

Figure 6. Effect of the axial stress ratio on the stress dependent strain, specific creep, and creep
coefficient of RPC: (a) Stress-dependent strain; (b) Specific creep; (c) Creep coefficient.
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4.3.2. Effect of Steel Fibre on Creep of RPC

Figure 7 shows variations in the stress-dependent strain, specific creep, and creep coefficient of
RPC samples containing different steel fibre contents with time. In Figure 7a, the stress-dependent
strain increases with increasing steel fibre content. This is because at the same axial stress ratio,
the samples with more steel fibre content bear greater stress, causing more stress-dependent strain.
As shown in Figure 7b,c, during the later period after loading, the specific creep and creep coefficient
of the RPC samples decrease with increasing steel fibre content. For the samples without steel fibre,
the ultimate specific creep is 8.95 µε/MPa. However, for the samples with 1% and 2% steel fibre
content, the ultimate specific creep is 7.37 and 6.65 µε/MPa, respectively. The ultimate specific creep
of the RPC samples with 1% and 2% steel fibre content are thus 17.7% and 25.7% less, respectively,
than that of the RPC samples without steel fibre. For the samples without steel fibre, the ultimate
creep coefficient is 0.40. However, for the samples with 1% and 2% steel fibre content, the ultimate
creep coefficients are 0.35 and 0.32, respectively. This means that the ultimate creep coefficients of RPC
samples with 1% and 2% steel fibre content are 12.5% and 20.0% smaller, respectively, than that of
the RPC samples without steel fibre. The positive effect of steel fibre for reducing creep, particularly
during the later period after loading, can be explained as follows:

(I) Even within the linear creep range, when the RPC carries a compressive load, microcracks can
form and develop gradually inside the RPC due to the inhomogeneity of the RPC matrix. As the
microcracks emerge during the later stage, the steel fibres passing through the microcracks can
prevent the microcracks from developing further. Hence, the creep strain is reduced.

(II) During the early period after loading, the steel fibre and RPC matrix produce a section slip.
As a result, the inhibition effect of the steel fibre on creep is not significant. On the other hand,
during the later period after loading, the slip between the steel fibre and RPC matrix tends to be
stable. Hence, the ability of steel fibre to inhibit creep gradually appears.

Figure 7. Cont.
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Figure 7. Effect of the steel fibre content on the stress-dependent strain, specific creep, and creep
coefficient of RPC: (a) Stress-dependent strain; (b) Specific creep; (c) Creep coefficient.

4.4. Comparison of Shrinkage and Creep of RPC with Existing Models

Shrinkage and creep have complex mechanisms involving many interrelated factors, and there is
no single theory which can fully explain these mechanisms. Thus, experimental studies are essential
as a basis for shrinkage and creep models. The ACI 209-82 model [46] is the current standard code
model recommended by the American Concrete Institute, and is accepted by building codes in
the United States. The CEB-FIP 90 model [47] is recommended by the CEB-FIP model code 1990
(Euro-International Committee for Concrete and the International Federation for Prestressing). The B3
model [20] is based on consolidation, has a clear physical background, and considers most of the
internal and external factors that affect shrinkage and creep, and thus has a greater accuracy. The GL
2000 model [48] is a modified Atlanta 97 model, influenced by the CEB-FIP 90 model, and was
developed to correct the negative relaxation at early loading ages. These four models are the most
commonly used shrinkage and creep models for normal strength concrete.

The experimental shrinkage and creep results for RPC in this study were compared with the
predicted values from the four models, as shown in Figures 8 and 9. The CEB-FIP 90 model [48]
underestimates the shrinkage strain of RPC. However, the ACI 209-82 model [47], B3 model [20], and
GL 2000 model [48] overestimate the shrinkage strain of RPC. Moreover, all four models overestimate
the creep strain of RPC. From Figures 8 and 9, it can be seen that the shrinkage and creep strain
predicted by all four models are inconsistent with the experimental results. The application scopes of
the four models are listed in Table 4, from which it can be seen that the four models are mainly focused
on compressive strengths at 28 days from 16–90 MPa, water-binder ratios greater than 0.35, and cement
contents of less than 719 kg/m3. They also ignore the influence of the silica fume. However, RPC has
an ultra-high strength and dense microstructure due to its low water-binder ratio (often less than 0.2),
high cementitious material content compared to normal strength concrete, replacement of aggregate
with quartz sand and quartz powder, addition of steel fibre to improve the strength and ductility,
and replacement of a portion of the cement with silica fume, which can act as a filler material and
participate in the pozzolanic reaction, leading to the production of additional C-S-H gel. Therefore,
the four models have errors when predicting the shrinkage and creep of RPC.
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Table 4. Application scope of the existing models.

Parameters ACI 209-82 CEB-FIP 90 B3 GL 2000

f c28 (MPa) - 20–90 17.2–69 16–82
Cement content (kg/m3) - - 160–719 -

W/B - - 0.35–0.85 0.40–0.60
Relative humidity (%) 40–100 40–100 40–100 20–100

tc (Moist cured) ≥7 days ≤14 days - ≥1 day
tc (Steam cured) ≥1 day ≤14 days - ≥1 day

η ≤0.4 ≤0.4 ≤0.45 ≤0.4

Note: f c28 is the compressive strength at 28 days, tc is the curing age.

Figure 8. Comparison of the experimental shrinkage strain results for RPC with shrinkage
model predictions.

Figure 9. Comparison of the experimental creep strain results for RPC with creep model predictions.

4.5. Shrinkage and Creep Model of RPC

The existing shrinkage and creep models cannot accurately predict the shrinkage and creep of
RPC, so it is necessary to develop new simple numerical models to predict the shrinkage and creep of
RPC. Based on the ACI 209-82 shrinkage model [46], the general equations for predicting shrinkage of
concrete are as follows:

εsh,c(t, tc) = Fsh(t)εshu,c (1)

Fsh(t) =
t − tc

b + t − tc
(2)

In these equations, εsh,c(t, tc) is the shrinkage strain of concrete at time, t (days), with curing
time tc (days); Fsh(t) is the time function of shrinkage; εshu,c is the ultimate shrinkage strain; and
b is constant which influences the rate of shrinkage with time. By applying regression fitting to the
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shrinkage experimental data, a simple shrinkage model (Equations (3) and (4)) for RPC have been
developed. In Equation (3), the ultimate shrinkage strain is 246 µε corresponding to 780 µε in normal
strength concrete. The effects of steel fibre content on the ultimate value of shrinkage is considered
by introducing coefficient kss. A comparison of the proposed shrinkage model predictions and the
experimental shrinkage results is shown in Figure 11. The correlation coefficients (R2) for all the
shrinkage samples are greater than 0.991. Therefore, the new shrinkage model can be used to predict
the shrinkage of RPC after steam-heat curing with steel fibre content less than 2%.

εsh(t, tc) = 246kss
(t − tc)

(t − tc) + 47
(3)

kss = 0.025ρ2
s − 0.115ρs + 1 (4)

where εsh(t, tc) is the shrinkage strain at time, t, with curing time, tc; ρs is the volume fraction of
steel fibre.

Based on the ACI 209-82 creep model [47], the general equations for predicting creep of concrete
can be written as:

ϕ(t, t0) = Fc(t)ϕcu,c (5)

Fc(t) =
(t − t0)

A

B + (t − t0)A (6)

In these equations, ϕc(t, tc) is the creep coefficient of concrete at time, t (days), loading at time
t0 (days); Fc(t) is the time function of creep; ϕcu,c is the ultimate creep strain; A and B are constant.
By applying regression fitting to the creep experimental data, a simple creep model (Equations (7)–(9))
for RPC have been developed. In Equation (7), the ultimate creep coefficient is 0.82 corresponding
to 2.35 in normal strength concrete. The steel fibre can influence both the ultimate value and the
rate of creep. Therefore, the effects of fiber content on the ultimate value and development rate of
creep are considered by coefficients ksc and α, respectively. A comparison between the predictions of
the proposed creep model and the experimental creep results is shown in Figure 10. The correlation
coefficients (R2) for all the creep samples are greater than 0.986. Therefore, it can be inferred that the
new creep model agrees well with the experimental data, and the new model can be used to predict
the creep of RPC after steam-heat curing, with the volume fraction of steel fibre below 2% and axial
stress ratio less than 0.4.

ϕ(t, t0) = 0.82ksc
(t − t0)

0.61

(t − t0)
0.61 + 36α

(7)

ksc = 0.045ρ2
s − 0.28ρs + 1 (8)

α = 1 − 0.25ρs (9)

Figure 10. Comparison of the proposed creep model predictions with experimental creep coefficient
results for the RPC samples.
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Figure 11. Comparison of the proposed shrinkage model predictions with experimental shrinkage
strain results for the RPC samples.

5. Conclusions

In this study, the compressive strength and the elastic modulus of RPC were tested. The shrinkage
after steam-heat curing and the creep of RPC were investigated. The effect of steel fibre on shrinkage
and creep, and the influence of the axial stress ratio on creep were discussed. Then, a comparison was
made between the experimental results and predictions obtained from existing shrinkage and creep
models. Finally, a regression analysis of the experimental shrinkage and creep results for RPC was
carried out. The conclusions of this study are as follows:

(1) The compressive strength of RPC is obviously higher than normal strength concrete due to
its dense microstructure. The compressive strength and the modulus elastic increase with
increasing steel fibre content, as the streel fibre restricts the development of microcracks and
transverse deformation.

(2) The shrinkage of RPC is much smaller than normal strength concrete with the improved
uniformity and the narrowed pore size. The shrinkage decreases with increasing steel fibre
content due to the micro-scale water films formed on the steel fibre surface and skeleton formed
by the cross and overlap of steel fibre.

(3) The creep of RPC decreases with increasing steel fibre content which is obvious during the later
period after loading, as steel fibre can prevent the development of microcracks (emerging mainly
during the later stage). Besides, the slip between the steel fibre and RPC matrix tends to be stable
in the later period, the ability of steel fibre to inhibit creep gradually appears.

(4) For axial stress ratios of less than 0.4, the creep strain of RPC varies linearly with the axial stress
(RPC is in the linear creep stage).

(5) The shrinkage strains of RPC predicted by the ACI 209-82 model, B3 model, and GL 2000 model
are significantly greater than the corresponding experimental results. However, the shrinkage
strains of RPC predicted by the CEB-FIP 90 model are significantly smaller than the experimental
results. Moreover, all four models overestimate the creep strain of RPC. Thus, these models
cannot be used for predicting the shrinkage and creep of RPC.

(6) Simple shrinkage and creep models for RPC which consider the influence of steel fibre have
been developed.
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