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Experimental investigations on self-compacting concrete (SCC) under uniaxial monotonic and cyclic compression taking into
account the stochastic constitutive relationship were reported and conducted. By introducing a practical method on plasticity
characterization into the fiber bundle-plastic chain model, a new constitutive model based on the statistic damage approach for
describing the stochastic mechanical responses of SCC under uniaxial compression was proposed. +e comparison between the
experimental results and the predictions demonstrated that the proposed model was able to characterize the salient features for
SCC under both uniaxial monotonic and cyclic compression. Furthermore, the stochastic evolution (SE) of SCC under uniaxial
compression and a comparison between the SCC and normally vibrated concrete (NVC) in certain aspects were analyzed and
discussed; it was concluded that the stochastic constitutive relationship of SCC under compression can be understood by a media
process of transition from microscale to macroscale.

1. Introduction

Cement concrete is widely used in railway, bridges, and
buildings due to its excellent mechanical performance on the
aspects of bearing capacity, durability, and other mechanical
properties. During the preceding decades, a variety of es-
sential topics associated with the mechanical properties of
cement concrete have been well studied by researchers and
practitioners. Among those topics, the stochastic mechanical
behavior of cement concrete has received strong attention
due to its uncertain effects on the structural optimization
and safety control.

Recently, a new type of high performance concrete
named self-compacting concrete (SCC) is developed and
increasingly implemented in the construction industries due
to its inherent advantages of high fluidity, good segregation
resistance, and distinctive self-compacting ability [1]. Spe-
cifically, during the pouring process, SCC is capable of
flowing through and fill gaps of reinforcement and cor-
ners of moulds and requiring no external vibration and

compaction, with excellent homogeneity and presenting no
segregation [2–4]. To date, a variety of celebrated works have
been conducted on relevant topics of SCC, and the details are
illustrated as follows.

Initially, in the current literature, researches topics of
SCC on two major categories are found to be mostly em-
phasized: the fresh performances and the hardened prop-
erties. In detail, for the topic of fresh performances, the flow
ability, passing ability, and segregation resistance were
comprehensively studied by several researchers [2–4]. With
regards to the topic of hardened properties, a number of
studies focusing on the mechanical properties including the
compressive strength, tensile strength, and elastic modulus
were proposed [5–10]. However, compared with normally-
vibrated concrete (NVC), the number of studies on the
hardened properties of SCC is quite limited, which results in
that the sections in most guidelines [11–13] are usually
relatively brief.

Additionally, among the aforementioned studies of
SCC in the literature [5–10], few results are available
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incorporating the stochastic mechanic properties under
compression. For example, Brouwers and Radix [9] con-
ducted a series of statistical analyses on the compressive
strength and splitting tensile strength of SCC; Filho et al.
developed several statistical models for characterizing the
compressive strength, splitting tensile strength, and elastic
modulus of SCC; similarly, the other works were also only
limited on the investigations on the deterministic properties
of SCC, e.g., the deterministic compressive/tensile strength
[5–8], elastic modulus [5, 6], constitutive relationship under
compression [7], and fracture property [8].

However, during the mechanical modelling of the
materials, the stochastic constitutive relationship is able to
characterize the randomness of material’s mechanical
behaviors, e.g., the different nonlinearity stress-strain
responses exhibited in independent samples of same
material. Concretely, for SCC, the causes for such ran-
domness can be mainly attributed to its complex in-
homogeneous microstructure, due to the irregular shape,
random size and distribution of aggregates [14], the
sedimentation of cement particles [15], the accumulation
of pore water [15], the curing conditions-induced un-
determined hydration [16], the different location of the
concrete in the structures [17], and the varied skill of the
workers [10]. Although SCC generally possesses a more
homogeneous microstructure with a lower water accu-
mulation around aggregated and a lower porosity in the
interfacial transition zone (ITZ) than that of the normally
vibrated concrete (NVC) [5, 14, 18], the stochastic con-
stitutive relationship is still necessary to be taken into
account during relevant designing and analyzing process.
+e design and analysis of structures by considering its
stochastic response using relevant data [19, 20] enables us
to gain several more comprehensive and useful in-
formation to characterize the structure performance.

Furthermore, quasibrittle materials like SCC are het-
erogeneous materials with random pre-existing flaws.
During the loading process, these flaws cause the devel-
opment of local stresses and further result in the devel-
opment of both damage/fracture and plasticity in
a stochastic way. +erefore, the damage and plasticity are
concluded as the two main factors governing the materials’
stochastic constitutive relationship. Recently, a convenient
statistical damage model named fiber bundle-plastic chain
model (BCM) [20] is proposed and verified to be a con-
venient and visual approach to the random nature and
stochastic behaviors considering both damage and plas-
ticity. Compared with other theoretical models developed
over a few decades, the BCM has the advantages in the
effectiveness on characterizing both the stochastic con-
tinuous damage and plastic behaviors for quasibrittle
materials during the loading process. Figure 1 illustrates
that BCM is able to predict the stochastic properties of
microstructure (the probability density of micro-yield-
damage of concrete (Figure 1(b)), which agrees with the
energy dissipation results from the acoustic emission test
(AE, Figure 1(c)) and the probability density results of
hardness modulus obtained in the nanoindentation test
(Figure 1(d)).

+erefore, the main objective of this work is to in-
vestigate on the stochastic constitutive relationship of
SCC experimentally by utilizing the uniaxial monotonic
and cyclic compression tests and further develop an an-
alytical model based on the BCM that can effectively
predict the stochastic constitutive relationship of SCC.
With this objective, the remainder of this work is orga-
nized as follows. In Section 2, the materials and experi-
mental methods in this work are firstly introduced, then
the experimental results are investigated by examining the
mean value and the standard variation (STD) of the stress-
strain curves of SCC under uniaxial monotonic com-
pression tests, and the plasticity development of SCC
under uniaxial cyclic compression tests, respectively. In
Section 3, after a brief recall of the BCM, an analytical
model for predicting the stochastic constitutive re-
lationship of SCC is developed by introducing a practical
method on the plasticity characterization into the BCM,
and the effectiveness of the proposed model is also verified
by comparison between the predictions and the experi-
mental results. It is then followed by Section 4 where the
transition process from microscale to macroscale for SCC
under compression, and the comparisons of the consti-
tutive relationships between SCC and typical NVCs are
analyzed and discussed. +e conclusions of this work are
finally given in Section 5.

2. Experimental Study and Results

2.1. Materials and Methods. In order to investigate the
stochastic constitutive relationships for SCC under both
uniaxial monotonic and cyclic compressive loading, a total
sixteen SCC samples are considered with a mixture ratio
according to the technical specification in China [21]. +e
mixture ratio for the SCC is determined as cement : fly ash :
mineral powder : expanding agent : sand : aggregate : water :
admixture � 331 :108 : 64 : 48 : 824 : 823 :177 : 5.5 (unit:
kg/m3). In detail, the cement is Portland cement of P.II
42.5 R, the water is the tap water, the aggregates are crushed
limestone with diameters of approximately 5∼20mm, the
sands are the middle grain sands, the mineral admixtures are
the mineral powder of S95 and fly ash, and the admixture is
the water-reducing agent of NoF-II.

+e workability of SCC was tested after the technical
specification [21] and is listed in Table 1 which meets the
relative requirements.

+e dimensions of the SCC samples were designed as
100 × 100 × 300mm3. For both uniaxial monotonic and
cyclic compression tests, eight SCC samples were utilized
(Figure 2(a)), respectively. In addition, prior to the
compression tests, six samples were tested according to
the code [22] for determining the elastic modulus E0 and
the mean compressive strength fcm of the SCC samples,
and the results were determined as E0 � 25.58 GPa and fcm
� 34.13MPa.

Both the uniaxial monotonic and cyclic compression
tests were carried out according to the code [22] in a closed-
loop servo-controlled compression test machine. +e
strains/deformations of each specimen were monitored by
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using both the electrical resistance strain gauges with
a resolution of 1 με and the extensometer (Figure 2(b)).

2.2. Experimental Results

2.2.1. Results of Monotonic Compression Test. �e stress-
strain curves and the enveloping region of total eight
samples obtained from the uniaxial monotonic compression
test are plotted in Figures 3(a) and 3(b), respectively. �e
mean stress σ(ε) and its standard deviation STD(ε) for
a certain strain value can be calculated by Equations (1) and

(2), which the resulted mean stress-strain curve and the
standard deviation curve are plotted in Figure 3(c).

σ(ε) �
1
N
∑
N

i�1
σi(ε), (1)

STD(ε) �

��������������������
1

N− 1
∑
N

i�1
σi(ε)− σ(ε)[ ]2

√√

, (2)

where σ(ε) and STD(ε) denote the mean stress and the
standard deviation corresponds to the strain ε, respectively,
N denotes the total number of stress-strain curves, and σi(ε)
denotes the stress corresponds to the strain ε in ith stress-
strain curve.

It is observed from the experimental results that the
SCC shows apparent stochastic responses during the
uniaxial monotonic compression test. In Figure 3(a), it is
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Figure 1: Fiber bundle-plastic chain model (BCM) [20] (a) and its typical predicted probability density of micro-yield-damage P [20] (b),
comparing with the energy computed by acoustic emission (AE) gEA [19] (c) and the probability density of hardness modulus of
nanoindentation PDF [19] (d).

Table 1: Workability test results of SCC.

Test
Slump
�ow

Sf (mm)

Slump
time
T50 (s)

Height of
J-ring7 HJ
(mm)

Height ratio of L-box
H2/H1

Result 650 4.5 15 0.9
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found that the peak stresses in the stress-strain curves of
the eight SCC samples are varied from approximately
25MPa to 43MPa, with corresponding strains ranged from
approximately 1500 × 10−6 to 2000 × 10−6. In Figure 3(b), it is
observed that, in the ascending branch, the area enveloped by

the eight stress-strain curves is less than that in the descending
postpeak (softening) branch, which reveals for the stochastic
responses of SCC, and a smaller variation level is obtained
during the earlier loading stage. In Figure 3(c), the peak stress
σp in the mean stress-strain curve is 32.76Mpa with

(a) (b)

Figure 2: Experimental setup. (a) A prism concrete specimen is subjected to directly compression. (b)+e layout of the electrical resistance
strain gauges and the extensometer.

0

10

20

30

40

50

St
re

ss
 (M

Pa
)

Strain (10–6) 

Sample 1
Sample 2
Sample 3
Sample 4

Sample 5
Sample 6
Sample 7
Sample 8

0 1000 2000 3000 4000 5000

(a)

0 1000 2000 3000 4000 5000
0
5

10
15
20
25
30
35
40
45
50

St
re

ss
 (M

pa
)

Strain (10–6) 

Enveloping region of 
experimental results

(b)

0 1000 2000 3000 4000 5000
Strain (10–6) 

0
5

10
15
20
25
30
35
40
45
50

St
re

ss
 (M

Pa
)

Stress-mean
Stress-STD

(c)

Figure 3: Experimental results of SCC samples undermonotonic compressive loads. (a)σ − ε curves. (b) Enveloping region of σ − ε. (c)Mean
and STD of σ − ε.
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a corresponding strain of 1501 × 10−6, and the residual stress
σs is found to be around 3.36MPa. Moreover, in the standard
deviation curve, the peak stress is 11.03Mpa with a corre-
sponding strain of 2234 × 10−6. It is noteworthy that, in the
standard deviation curve, the strain corresponding to the peak
point is significantly larger than that in the mean stress-strain
curve.

2.2.2. Results of Cyclic Compression Test. +e results of the
cyclic compression tests for eight SCC samples are displayed
in Figure 4. In order to avoid the complexity for exhibiting
the massive data with the presence of the hysteretic loops,
only one typical load-displacement curve (sample 1) ob-
tained from the tests is plotted in Figure 4(a) for presenting
the general response of SCC under cyclic compression
loading. Alternatively, the relationships between the plastic
strain and the total strain for the eight SCC samples during
the tests are plotted in Figure 4(b). Furthermore, by applying
the method for characterizing the plasticity development
proposed in the literature [23, 24], the stochastic plasticity
behaviors for SCC can be illustrated in terms of the re-
ciprocal of the plastic variable r as a function of the plastic-
damage variable dr defined in Equations (3) and (4) pro-
posed by the literature [20].

dr � 1−
σ

E0ε
, (3)

r �
εp
ε

, (4)

where σ denotes Cauchy stress, ε denotes the total strain, E0
denotes the initial Young’s modulus, and εp denotes the
plastic strain.

+erefore, the relationships between ε/εp and ε, as well as
the relationships between 1/r and dr for the eight SCC
samples are able to be plotted in Figures 4(c) and 4(d),
respectively.

In Figure 4(a), the loading-displacement envelope curve
for a typical SCC sample under uniaxial cyclic compression
is found to be similar to that obtained in the uniaxial
monotonic test. In Figure 4(b), it is noted that the plastic
strains of the eight SCC samples are accumulating non-
linearly as the increasing of the total strain. For each SCC
sample, the plastic strain increases slowly at the beginning of
the test while greater plastic strain accumulation is foreseen
for higher total strain level. In Figure 4(c), it reveals that, as
the growing of the total strain, the value of the ε/εp for
individual SCC sample is decreasing approximately linearly.
A similar development trend is followed in Figure 4(d), in
which the values of 1/r are plotted as a function of dr for
eight SCC samples. Specifically, the initial values of 1/r are
varied between 5.76 and 6.29 and then fall to the value about
1.38 in the course of the plastic-damage variable dr in-
creasing from 0 to 1. To sum up, Figure 4 indicates that the
plasticity of the eight SCC samples are developing in

a stochastic way during the cyclic compressive loading
process.

3. Model of Stochastic
Constitutive Relationship

3.1. Brief Introduction to Fiber Bundle-Plastic Chain Model.
+e fiber bundle-plastic chain model (BCM) [20] is de-
veloped based on the classical fiber bundle model (FBM) for
characterizing the mechanical behaviors of quasibrittle
materials under external loading (Figure 1(a)). +e model is
considered as being consisted of a bundle of parallel linearly
elastic fibers assigned with random fracture thresholds with
a probability density of Pd(ε) and a chain of linked perfect
plastic sliders with random yielding thresholds with
a probability density Pr(ε). During the loading process, the
damage propagation and the stress-driven plasticity are
characterized by the continuously failure of the fibers and
the yielding of the sliders.

It is noted that, after each failure event, the load of the
failed fiber is equally redistributed over the intact ones in the
bundle irrespective of their distance from the failure point
(i.e., the equal-load sharing pattern), and a same plastic
strain is produced by individual slider after each sliding
event once the yielding threshold is reached.

Hence, the damage variable d(ε) (i.e., the accumulative
distribution of the probability density) and the plastic
variable (plastic ratio) r(ε) (i.e., the accumulative distri-
bution of Pr(ε) ) is able to be calculated based on the sta-
tistical method such as

d(ε) � 
ε

0
Pd(ε)dε, (5)

r(ε) � 
ε

0
Pr(ε)dε. (6)

Furthermore, in order to couple the microdamage and
the plasticity for characterizing the nonlinear behavior of
quasibrittle materials, a plastic-damage variable dr(ε) is
defined with a micro-yield-damage probability density P(ε)
(Figure 1(b)), thus

dr(ε) � d(ε) + r(ε) � 
ε

0
Pd(ε)dε + 

ε

0
Pr(ε)dε � 

ε

0
P(ε)dε.

(7)

+erefore, the constitutive relationship by coupling both
the damage and plasticity for quasibrittle materials can be
modeled as follows:

σ � [1− dr(ε)] · E0 · ε. (8)

+e plastic strain can be estimated by the following
relationship:

εp � r(ε) · ε. (9)

And, the mean value μ(ε) and the standard deviations
V(ε) of the variables relating to the constitutive
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relationship are characterized by the following equations,
respectively:

μdr(ε) � E 
ε

0
P(ε)dε  � E 1−

σi

E0ε
 , (10)

V
2
dr(ε) � E[dr(ε)]2 − μdr(ε) 

2
, (11)

μr(ε) � E 
ε

0
Pr(ε)d(ε)  � E

εp,i

ε
 , (12)

V
2
r(ε) � E[r(ε)]2 − μr(ε) 

2
, (13)

where i denotes the number of the samples.

3.2.3e Analytical Model of SCC. Based on the work carried
out by the literature [20], for quasibrittle materials under

compression, the mean value of the plastic-damage variable
μdr(ε) is expressed as follows:

μdr(ε) �
A1 −A2

1 + ε/ε0( 
p + A2, (14a)

where A1, A2, ε0, and p denote the parameters relating to the
damage/plasticity of the material due to the stochastic
properties of its microstructures.

However, by fitting the experimental results of the SCC
samples using the above equation form, the values of the
parametersA1 andA2 turned out to be equal to around 0 and
1, respectively. +us, for simplicity, it is reasonably assumed
that A1 and A2 are independent of the microdamage
propagation and plasticity accumulation during the loading
process.+erefore, in this work, A1 is assumed to be equal to
0 and A2 is assumed to be equal to 1.

Hence, the mean values of plastic-damage variable μdr(ε)
for SCC under compression are obtained as follows:
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Figure 4: Experimental results of SCC samples under cyclic compression tests. (a) Typical load-displacement relationship (sample 1).
(b) Relationship of εp − ε. (c) Relationship of ε/εp − ε. (d) Relationship of 1/r−dr.
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μdr(ε) � 1−
1

1 + ε/ε0( 
p. (14b)

In the literature [20], the standard deviation was studied
in a limited way by examining the stress-strain curves for
quasibrittle materials. However, for the purpose of obtaining
a complete understanding on the stochastic constitutive
relationship of SCC, the analysis on the standard deviation
of the plastic-damage variable STDdr(ε) is conducted by
observing the results displayed in Figure 3(c), and the ex-
pression is given as follows:

STDdr(ε) � a + b · exp −
1
2

×
ε−f

c
 

2
⎡⎣ ⎤⎦, (15)

where a, b, c, and f denote the parameters relating to the
variation of damage/plasticity in the material due to the size
effect, considering the stochastic properties of the micro-
structures [25–27].

Moreover, distinguished from the complexmethod on the
plasticity modelling in earlier work [20], a simpler method is
formulated in this work by establishing the relationship be-
tween 1/r and dr introduced by the literature [23, 24].

1
μr(ε)

� g− h · μdr(ε), (16)

where μr(ε) denotes the mean plastic variable and g and h

denote the parameters relative to the coupling of damage
and plasticity in the material.

By substituting Equations (14b) into (16), the relation-
ship between the mean plastic variable μr(ε) and total strain
ε is formulated as follows:

μr(ε) �
1

(g− h) + h/ 1 + ε/ε0( 
p

 
. (17)

+e standard deviation STDr(ε) of the plastic variable
r(ε) is proposed by investigating on the experimental results
displayed in Figure 4(b):

STDr(ε) � H0
A0

(w
���
π/2

√
)

  × exp −2 ×
μdr − μ0( 

w
 

2⎧⎨

⎩

⎫⎬

⎭,

(18)

where H0, A0, w, and μ0 denote the parameters relating to
the variation of plasticity in the material due to the sto-
chastic properties caused by the material’s microstructures
[25–27].

+e detailed equations for the mean value of the plastic-
damage variable μdr(ε), plastic variable μr(ε), and the
standard variation STDr(ε), STDr(ε) are obtained by fitting
the experimental results, which can be evaluated as follows:

μdr(ε) � 1−
1

(1 + ε/2101.48)5.078, (19)

STDdr(ε) � 0.0055 + 0.185 · exp −
1
2

×
ε− 2212.15
556.37

 
2

 ,

(20)

μr(ε) �
1

1.127 + 4.948/(1 + ε/2101.48)5.078
 

, (21)

STDr(ε) � 0.316 ×
0.118

(0.298
���
π/2

√
)

 

× exp −2 ×
μdr − 0.343( 

0.298
 

2⎧⎨

⎩

⎫⎬

⎭.

(22)

+us, a new stochastic constitutive model to characterize
the stochastic constitutive relationship under both uniaxial
monotonic and cyclic compression tests for SCC is
developed.

3.3.ModelVerification. In order to verify the effectiveness of
the proposed model in this work, it has been validated by
means of comparison with the experimental results for SCC
obtained in this work.

Figure 5 shows the comparison results between the
experimental results obtained from the uniaxial monotonic
compression tests and the predictions in the view of the
enveloping region (the blue region) among the eight stress-
strain curves, the mean stress-strain curve, and its standard
deviation curve. In Figure 5(a), it is shown that most of the
stress-strain curves obtained from tests are located in the
domain between the predicted mean + STD and mean −
STD curves of stress-strain relationships. In Figure 5(b),
a very good matching between the predicted and experi-
mental results of both the mean stress-strain curve and
standard deviation curve is obtained. Nevertheless, the
standard variation of stress predicted by the proposed model
is found to be somewhat underestimated compared with the
experimental result.

Figure 6 demonstrates the comparison results between
the experimental results obtained from the uniaxial cyclic
compression tests and the predictions on both the mean and
standard deviation curves of 1/r−dr. In Figure 6(a), it is
observed that most of the testing points are located in the
domain between the predicted mean + STD and mean −
STD curves of 1/r−dr. In Figure 6(b), it is revealed that,
although there are some slight discrepancies, the standard
deviations of 1/r predicted by the proposed model give
a good agreement with the experimental results.

In summary, by examining the comparison results
between the predictions and the experimental results in this
work, it is verified that the proposed model is able to
characterize the stochastic constitutive relationship of SCC
under both uniaxial monotonic and cyclic compression
tests.

4. Discussions

4.1. Transition fromMicroscale toMacroscale. In this section,
the causes for the stochastic mechanical behaviors for SCC in
both the uniaxial monotonic and cyclic compression tests are
further discussed by examining the media process of tran-
sition from microscale (microstructure) to the macroscale
(macroresponse). +e transition of stochastic microstructure

Advances in Civil Engineering 7



tomacroresponse of materials is generally an essential topic in
the material and structural research field [19, 20, 25–29]. +is
topic involves the understanding of the inherent random
nature for certain materials through different scales.

Figure 7 demonstrates the stochastic and the mean
behaviors of the probability density of the damage-plastic
variable dr in the perspective of microscale. Specifically, in
Figure 7(a), it is illustrated that for the SCC samples, dif-
ferent probability densities of the plastic-damage variable dr

are endowed and further resulted in different plasticity and
damage developments during the loading process. +e
reasons for the occurrence of the stochastic probability
densities can be attributed to the randomness of the initial
microstructure for SCC samples.

In order to characterize the mean probability density of
the plastic-damage variable dr, three commonly used
density functions including the lognormal distribution,
Gauss distribution, andWeibull distribution are adopted for
fitting the data. +e detailed results for fitting these three
density functions are listed in Figures 7(b)–7(d), re-
spectively. It is found the smallest value of the adjusted
R-square occurs in Figure 7(b), which reveals that the
lognormal distribution is in best agreement with the mean
probability density of the plastic-damage variable dr.

Figure 8 illustrates the stochastic evolution (SE) of the
plastic-damage variable dr during the imposed uniaxial
monotonic compressive loading history obtained from ex-
perimental results and the relative predictions by the
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Figure 5: Comparison of experimental and predicted stochastic stress-strain response of SCC under uniaxial monotonic compression.
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Figure 6: Comparison of experimental and predicted stochastic plasticity of SCC under uniaxial cyclic compression. (a) Experimental and
predicted 1/r vs. dr. (b) Experimental and predicted STD.1/r vs. dr.
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proposed model. It is worthy to point out that the SE reflects
the stochastic media process of transition from microscale
(microstructure) to the macroscale (macroresponse) for SCC
samples. Specifically, it is concluded that the SE of the plastic-
damage variable dr (Figure 8(a)) is caused by progressive
accumulation of the plasticity and damage for SCC samples
with different yield and damage thresholds (probability
densities) displayed in Figure 7(a). By implementing Equa-
tions (19) and (20), the predicted mean and the standard
deviation curves for the evolution of plastic-damage variable
dr are presented in Figure 8(b), which further demonstrates
themedia process of transition frommicroscale tomacroscale
for SCC samples under uniaxial monotonic loading: the
stochastic probability densities of the plastic-damage variable
dr (Figure 7(a)) cause the SE of the plastic-damage variable dr
(Figure 8) and consequently result in the stochastic stress-
strain relationships (Figure 3(a)).

Figures 9 and 10 illustrate the media process of transition
from microscale (microstructure) to the macroscale

(macroresponse) in terms of the plasticity and the elastic
modulus reduction for SCC, by examining the SE of the
plastic variable r and the damage variable d(εE) in the elastic
strain space (εE � ε− εp). More precisely, by applying
Equations (21) and (22), the SE of plastic variable r is dis-
played in Figure 9(a), which further results in the stochastic
development of the plasticity plotted in Figure 9(b). In
Figure 10(a), the SE of the damage variable d(εE) is displayed
by applying Equations (5)–(9) and Equations (14a)–(22),
resulting in the stochastic degradation of elastic modulus
plotted in Figure 10(b).

+erefore, the stochastic media process of transition
from microscale (microstructure) to the macroscale
(macroresponse) for SCC samples under both the uniaxial
monotonic and cyclic compression tests is completely in-
vestigated. It is concluded that the stochastic mechanical
behaviors of the SCC samples are caused by the stochastic
probability density in the microscale (e.g., different micro-
yield/damage thresholds), with the SE of the macrovariables
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Figure 7: Stochastic probability density of micro-yield-damage thresholds of SCC samples under compression (a), and fitting of the mean
probability density of the thresholds (b–d).
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(i.e., plastic-damage variable dr, plastic variable r, and
damage variable d(εE)) are considered as the media process
of the transition.

4.2. Comparison of Constitutive Relationships between SCC
and NVC under Compression. Comparisons of the mean
constitutive relationships between SCC and NVC under
compression is presented in this section, by examining on

the evolution of the macrovariables mentioned in Section 4.1
and the relationships of 1/r and dr. +e comparisons are
based on the experimental results of SCC in this work and
the data provided by the literature [19, 29]. +e comparison
results are plotted in Figures 11 and 12.

Figure 11 demonstrates the comparison results in terms
of the plastic-damage probability density P (Figure 11(a)),
plastic-damage variable dr (Figure 11(b)), and the stress-
strain response obtained by normalization (Figure 11(c))
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Figure 8: Experimental and predicted (mean and STD) evolution of the plastic-damage variable under compression. (a) Experimental
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Figure 9: SE of plastic variable and plastic strains of SCC under compression obtained by the proposed model. (a) SE of plastic variable r.
(b) Stochastic development of plastic strains.
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among SCC and typical NVCs analyzed in the literature
[19, 29]. Particularly, the largest peak value ofP in Figure 11(a)
is observed in the curve of SCC, which further resulted in
a steepest curve for the plastic-damage variable dr of SCC. In
addition, it is found that the shapes of the plastic-damage
probability density P curve have a significant influence on
both the evolution of dr and the stress-strain response. In
detail, it is concluded that the lowest variation (i.e., the higher
concentration) of the P curve (SCC in Figure 11(a)) causes
a most intensive development of dr shown in SCC in Fig-
ure 11(b) and consequently leads to a most brittle stress-strain
response (SCC in Figure 11(c)).

Figure 12 displays the relationship between 1/r and dr of
SCC studied in this work and NVCs reported in the liter-
ature [23, 24]. It is observed that the highest value of 1/r
(i.e., the slowest plasticity development) is produced by SCC
during the whole loading process compared with that of
NVCs. +e reasons may be explained as the admixture and
fly ash in SCC generate a relatively more homogeneous
microstructure with a lower water accumulation around
aggregated and porosity of ITZ than that of NVCs, due to the
lack of vibration induced segregation [5, 14, 18], further
impedes the development of plasticity.

5. Conclusions

In this work, experimental investigations of SCC under
uniaxial monotonic and cyclic compression were reported.
By taking into account the stochastic constitutive re-
lationship, an analytical model for describing the stress-
strain response and plasticity of SCC was also proposed. +e
proposed model was developed based on the fiber bundle-
plastic chain model (BCM) [20] and a practical method for
simulating the plasticity of the quasibrittle materials [23, 24].
+e validation of the proposed model was performed by
comparison between the predictions and the experimental
results. +e comparison results revealed that the proposed
model can effectively describe the stochastic constitutive
relationship of SCC under both monotonic and cyclic
compression tests.

Analysis on the media process of transition from mi-
croscale to macroscale for SCC was performed, and it was
concluded that the stochastic constitutive relationship of
SCC is caused by the randomness of the probability density
in the microscale, and the stochastic evolution (SE) of
certain variables in the macroscale are considered as the
media process of the transition.
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Comparisons of the constitutive relationships with SCC
studied in this work and NVCs reported in the literature
[19, 23, 24, 29] revealed that the most brittle stress-strain
response is obtained by SCC due to the lowest variation of
the probability density curve. Additionally, it was also ob-
served that SCC has the slowest plasticity development than
NVCs, which can be attributed to the effects of the ad-
mixture and fly ash.

+is work may be of significance for studying and
modelling the stochastic constitutive relationship of SCC
under uniaxial monotonic and cyclic compression and
providing a better understanding and awareness of its un-
certain effects on relevant engineering applications.
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