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Abstract: Continuous large amounts of precipitation can lead to a rapid increase in the water content
of concrete in village building foundations, which can adversely affect the mechanical properties,
such as the compressive strength of concrete. There are few experimental studies on the compressive
stochastic mechanical properties of concrete in the wet state after considering different soaking times
(different water contents and saturations), but there is no corresponding stochastic damage principal
structure model. In this study, the mechanical properties of concrete under different immersion times
were tested to obtain the mechanical properties of the concrete degradation law, and the random
damage intrinsic model of wet concrete was established. The results of this paper were compared
with the classical test results from the literature to verify the validity of the model. The results show
that the proposed stochastic damage model is able to consider both the effects of the saturation and
the damage behavior of wet concrete under compression, which is beneficial to the structural design
and maintenance protection of village buildings in areas with abundant precipitation.

Keywords: wet concrete; mechanical property; stress—strain response; damage model

1. Introduction

There are many regions in the world with abundant precipitation. For example,
Yunnan Province has a daily precipitation exceeding 25 mm for about 20 days in a year,
and 10 days is the maximum number of days of continuous precipitation per year. It has
been found that a large amount of continuous precipitation and frequent flooding disasters
generally lead to the rapid increasing in the water content in the concrete used in the
construction of the foundations of common buildings found in local villages, approaching
saturation at about 4 days or less. Moreover, the mechanical properties, such as the
compressive strength of concrete under static loading, deteriorate with the increase in the
water content [1,2]. Therefore, it is necessary to consider the effect of the water content
on the mechanical property evolution of concrete foundations [3]. Moreover, the low
strength of concrete in village buildings and the large-scale manual mixing are subject to
high dispersion in terms of mechanical properties, and further research is needed on the
damage mechanisms and overall reliability of village building foundations in rain-fed areas.
Furthermore, this will be beneficial for the structural design and maintenance of village
buildings in areas with abundant precipitation.

A large number of researchers have carried out experimental studies on the mechanical
properties of immersed concrete. Yang et al. [4] investigated the evolution of the water
content in concrete specimens in terms of the immersion times and the concrete strength

Appl. Sci. 2024, 14, 739. https:/ /doi.org/10.3390/app14020739

https://www.mdpi.com/journal/applsci


https://doi.org/10.3390/app14020739
https://doi.org/10.3390/app14020739
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0003-3369-5294
https://doi.org/10.3390/app14020739
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app14020739?type=check_update&version=2

Appl. Sci. 2024, 14, 739

20f 18

experimentally and analyzed the effect of the water content on the compressive strength of
concrete. Zhang et al. [5] analyzed the effect of different immersion times on the strength
of concrete foundation pile core samples by studying the mechanical properties of concrete
foundation piles in a humid environment. Navaratnarajah Sathiparan et al. [6] observed
the effect of moisture on the mechanical properties of bricks, mortar, and masonry. Wang
et al. [7] found that, with the increase in the pore water saturation in fly ash concrete, the
compressive strength decreased, but the ultrasonic velocity and elastic modulus increased.

Furthermore, some scholars have conducted research on the modeling theory and
method for the mechanical properties of immersed concrete. The representative contri-
butions are as follows: Liu et al. [8] quantifiably observed the effect of the porosity on
the effective volume and shear modulus of saturated concrete by utilizing a three-phase
spherical model and a hollow cylindrical rod model. Tetsuri Kaji et al. [9] investigated
the dynamic response of concrete structures affected by the strain rate dependence of
concrete material, which is related to the water content and microporous structure. Shen
et al. [10] developed a strength—porosity—saturation model based on the strength—porosity
model of Ryshkewithh, by considering the effect of the water content and porosity on
the compressive strength. Zhang et al. [11] adapted the Hsieh-Ting-Chen four-parameter
damage criterion to develop a damage model for concrete based on a simplified uniaxial
damage evolution equation. Bai et al. [12] proposed a uniaxial tensile statistical damage
model for saturated concrete considering the dynamic strain rate effect and the “effective
stress principle” of Taishaji. Chen et al. [13] established an elastoplastic damage model for
saturated concrete under uniaxial compression based on damage mechanics.

However, there are few studies in the literature that have reported on experimental
investigations of the random mechanical properties of wet concrete under compression
considering different immersion times (i.e., water contents or saturation degrees) [4-7]
or stochastic constitutive models of wet concrete [8-13] considering both immersion and
damage effects.

Therefore, this paper conducts a experimental investigation on the random mechanical
properties of wet concrete under uniaxial compression after different immersion times
and develops a stochastic damage model of wet concrete considering both immersion and
damage effects. The outline of this paper is as follows: the experimental investigation on
the random mechanical properties of concrete under uniaxial compression after different
immersion times is reported in Sections 2 and 3; the stochastic damage model of wet con-
crete under compression is developed in Section 4; and this model is verified by comparing
the predicted with the experimental results in the following Section 3.

2. Experimental Procedure
2.1. Raw Materials

The compression strength grade of the concrete prepared in this experiment was
C30. The water—cement ratio of the material was W/C = 0.38; the details of the mixture
proportions are shown in Table 1. In detail, the cement was P.II 52.5R Portland cement
(Asia Cement Holdings Ltd., Nanchang, China), following the Chinese standard GB 175-
2007 [14]. The sand was a natural middle-grain sand (Tiancheng Limited, Changsha, China),
and the water was tap water. The aggregates were crushed limestone with diameters of
approximately 5-20 mm; the mineral admixture was fly ash (FA), and the other admixture
material was the slump loss-preventing admixture (SLP) of MH-BT (Beijing Muhu New
Material Technology Co., Beijing, China). The physical properties of Portland cement and
pelletized sand are presented in Tables 2 and 3, respectively.

Table 1. Concrete mixture proportions.

Raw Material Cement Sand Aggregate FA SLP Water
Weight/kg-m3 300 720 1128 50 50 153




Appl. Sci. 2024, 14, 739

30f18

Table 2. Physical properties of cement.

Specific Surface Area
(m? kg 1)

Compressive Strengthon3d  Flexural Strength on 3 d and

s o
Loss on Ignition (%) and 28 d (MPa) 28 d (MPa)

316

1.8 33.3 and 61.9 59 and 8.5

Table 3. Physical properties of pelletized sand.

Apparent Density

(g/cm®)

Moisture Water Absorption Clay Content Mud Soundness Chloride

Content (%) Rate (%) (%) Content (%) (%) Content (%)

2.64

0.04 0.4 0 0 2.0 0

2.2. Specimen Preparation

A total of 3 cubic specimens with a length of 150 mm and 25 prismatic specimens with
dimensions of 100 x 100 x 300 mm?> were cast using the above concrete material. The
cubic specimens were cured using the standard method [15], while the prismatic specimens
were naturally cured by keeping them wet under plastic sheeting for 28 days. After the
curing, the prismatic specimens were categorized into 5 groups; each group of specimens
was immersed (or not) in the tap water as follows (see Table 4). Group A was dried in the
air on an indoor ground for 28 days; Group B was dried in the air on an indoor ground
for 28 days and then baked at 50 £ 2 °C for 48 h in an electric oven; and Groups C, D, and
E were dried in the air on an indoor ground for 28 days and then immersed in tap water
for 6 h, 12 h, and 24 h and wrapped with plastic films to maintain their moisture contents,
respectively.

Table 4. Specimen details.

Specimen Type

Cubic

Specimens

Prismatic Specimens

Size/mm
Numbering

Curing method

Preparation

150 x 150 x 150 100 x 100 x 300 100 x 100 x 300 100 x 100 x 300 100 x 100 x 300 100 x 100 x 300

B-1
B-2
B-3

A-1,A-2 F-1 E-1 C-1 D-1
A-3,..., A8 F-2 E-2 C-2 D-2
A-9, A-10 F-3 E-3 C-3 D-3

Standard curing By keeping them wet under plastic sheeting for 28 days

Dried in the air  Dried in the air  Dried in the air = Dried in the air
on an indoor on an indoor on an indoor on an indoor
ground for ground for ground for ground for
28 days and 28 days and 28 days and 28 days and
then baked at then immersed  thenimmersed  then immersed
50 + 2 °C for in tap water for  in tap water for  in tap water for

48 h 6h 12h 24h

Dried in the air
on an indoor
ground for
28 days

2.3. Experimental Setup

The random mechanical properties of concrete after different immersion times were
observed by using a material universal test machine (Instron 1346, High Wycombe, UK.
Instron Ltd. see Figure 1) with a monotonic uniaxial compression load to which the
concrete specimens were subjected. The maximum load range of the universal test machine
was 500 kN and the measurement accuracy was +0.5%. Before the test, the mass of the
specimens was weighed for the purpose of measuring the moisture content by using an
electronic scale with an accuracy of 0.001 kg. The lording process was as follows:

(1) At the beginning of the test, the specimen was placed between the loading panels of
the test machine with talcum powder for reducing friction, and the loading control
system was used to control the loading actuator and increase the load to the presetting
load value (i.e., 0.5 kN for this test) with a constant loading rate, to ensure that
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the surfaces of the specimen were flat and the loading actuator was aligned during
the test.

(2) Subsequently, three preloads were carried out (the load was set as 30% of the estimated
bearing capacity of the specimen).

(3) Finally, the test was conducted in the load-controlled loading mode and displacement-
controlled loading mode during different stages; in detail, the load-controlled loading
mode was adopted before the specimen reached the peak-bearing capacity, and the
displacement-controlled loading mode was adopted after the peak-bearing capacity.

(b)

Figure 1. Experiments of the mechanical properties of concrete under compression load after different

immersion times. (a) Universal test machine. (b) Representative broken specimens after testing.

The loading rate of the formal test is shown in Table 5. The representative broken
specimens after testing are shown in Figure 1b.

Table 5. Loading rate.

Specimen Group A C D E F B
Load stage Before peak — After peak
Loading rate 300 kN/min — 0.18 mm/min 600 kN/min — 0.36 mm/min

3. Experimental Results and Analysis
3.1. Strength Deterioration of Wet Concrete
Thorough the above experiments, the moisture content, strength, and strength deterio-

ration results of wet concrete with different immersion times were obtained and are shown
in Table 6.

Table 6. Experimental results of the saturation, strength, and strength deterioration of wet concrete.

Specimen Immersion Average Mess l\z}{v«;rage Average Average Stre.:ngtl}
Group Time £ (h) m (kg) oisture Saturation Strength £ Deten.oratlon
Content k (MPa) Ratio ds
A Baked 7.180 0.000 0.000 43.620 0.000
B Dried in air 7.256 0.0105 0.444 37.957 0.130
C Standard curing / / / 42.588 /
D 6 7.275 0.0132 0.558 38.169 0.125
E 12 7.333 0.0214 0.901 33.129 0.241
F 24 7.350 0.0237 0.999 35.642 0.183
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It was found that the compressive strength of the C30 concrete specimens deteriorated
more obviously after immersion for more than 6 h and reaching a certain saturation (mois-
ture content), and with the increase in the saturation, the deterioration rate of compressive
strength tends to increase and then decrease (see Figures 2 and 3). Based on the theory
of linear elastic fracture mechanics, according to the law of initiation and development of
microcracks in concrete under compression, due to the influence of surface tension and
volume compression deformation of water, the free water in the initial microdefects, such as
cracks and pores, produces splitting and pulling effects on the cracks, which accelerates the
initiation and development of cracks. For the material subjected to the same compression
load, the more content of free water in the concrete, the more serious damage it suffers;
thus, the higher the saturation of the concrete, the lower its static compressive strength.
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Figure 2. Strength degradation ratio response depending on the moisture content.
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Figure 3. Strength degradation ratio response depending on the saturation.

3.2. Stress—Strain Curves of the Wet Concrete under Compression

The experimental results of the typical stress—strain curves in this work are shown in
Figure 4. It was found that the shape of the stress—strain curves of the wet concrete was
similar to that in the literature [1], and the curve can be roughly divided into three stages,
ie., a linearly rising stage (when the specimen is in the elastic deformation process), a
curvy-line rising stage (when the specimen undergoes a microcrack initiation process), and
a descent stage (when the specimen undergoes a microcrack development and convergence
and a final failure process). In addition, the strains corresponding to the peak stress are
mostly range from 0.002 to 0.003.
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Figure 4. Experimental results of stress—strain curves for wet concrete under compression after
different immersion times. (a) Baked specimens. (b) Specimens that were dried in air. (c) Specimens

that were immersed for 6 h. (d) Specimens that were immersed for 12 h. (e) Specimens that were
immersed for 24 h.

3.3. Saturation Effects on the Mechanical Properties of Wet Concrete

Based on the above experimental investigation on the mechanical properties of con-
crete after different immersion times, the evolution of concrete saturation w depending on
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the immersion time 1gt was modeled using the experimental results applied to the following
equation (see Figure 5 showing some typical experimental results from the literature [2]):

w = —0.082 - (Igt)* + 0.381 - Igt + 0.563 1)

= Experimental (Yang,etal. 2012)
®  Experimental
— Parabola fit of sheetl B Saturation degree w

e e =
[ep} co o
1 1 1

Saturation degree w
o
>~

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5
Igt
Figure 5. Strength degradation ratio response depending on the immersion time [4].
Furthermore, considering the evolution of the concrete compressive strength deterio-

ration and the elastic modulus increase dependent on the saturation w (see Figures 6 and 7
showing typical test results [5]), the evolution equations are, respectively,

0.301
1+ (w/0.457)"%%

ds = 0.301 — (2)
0.422

e = 0.422 —
) 1+ (w/0.831)%013

®)

m  Experimental (1)
® Experimental (2)
301 — Logistic Fit of Sheet1 B"Strength degradation ds”

e

(=}

. 257

(=)

. 201

e

151

e

101

(=)

. 051

Strength degradation ratio ds

(=)

.00

0.0 0.2 04 06 08 10
Saturation degree w

Figure 6. Strength degradation ratio response depending on the saturation.
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Figure 7. Elastic modulus increase variable response depending on the saturation.

Concerning the elastic modulus of wet concrete, Yaman et al. [16] classified the pores
into effective porosity and non-effective porosity based on the effect of the capillary pressure
and the air entrained in the concrete pores on the mechanical properties of concrete. The
effective porosity is the porosity occupied by capillary water, while the non-effective
porosity is the porosity occupied by the air entrained into it. The effective porosity is
related to the water—-cement ratio, hydration degree, and wetting degree of concrete and
generally affects the physical and mechanical properties of concrete compared with the
non-effective porosity. It was found, based on the relevant experimental studies, that, with
the increase in the effective porosity and water content, the strength of concrete decreases;
with the increase in the effective porosity, the Poisson’s ratio and elastic modulus of concrete
decreases; and for the same effective porosity case, the Poisson’s ratio and elastic modulus
of saturated concrete increase compared with those of dry concrete. Therefore, as the
saturation of concrete increases, its modulus of elasticity gradually increases under static
force (as shown in Figure 7).

4. Stochastic Damage Model of Wet Concrete under Compression
4.1. Damage Model of Wet Concrete in the Sense of the Mean Value

The constitutive model of dry concrete in the sense of the mean value can be ex-
pressed as
o =Ee 4)

where o is the stress, E is the elastic modulus of concrete, and ¢ is the strain.

Based on the theory of damage mechanics of Lemaitre et al. [17,18], the damage
variable d. can be defined as a parameter of the mechanical properties for the material that
leads to the nonlinear mechanical behavior, and the damage model of dry concrete in the
mean sense can be expressed as

o= (1- dc)Ece (5)

where E. is the initial elastic modulus of concrete.

Furthermore, based on the damage model of dry concrete in Equation (2), considering
the effect of saturation (water content) on the strength and initial elastic modulus of concrete
by defining an effect function as f(ds, es), the damage model of wet concrete in the mean
sense can be developed as

1+es) — (1 —ds)
sc,k

o= f(ds,es) (1 —dc)Ece = |(1+es) —e- ( (1 —d.)Ece (6)

where d;s denotes the damage variable related to the compressive strength deterioration
of wet concrete compared to that of dry concrete (i.e., strength degradation variable); eg
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denotes the variable related to the elastic modulus of wet concrete compared to that of
dry concrete (i.e., elastic modulus increase variable), and both can be determined using
the experimental results; E. is the initial elastic modulus of dry concrete, which can be
determined using the experimental results or can be obtained from Table 7 if no relevant
experimental results are available; ¢\ is the strain corresponding to the peak value of the
uniaxial compressive stress of dry concrete, which can be determined using the experimen-
tal results or can be obtained from Table 7 if no relevant experimental results are available;
and d. is the damage variable of dry concrete, whose evolution function is expressed by
the following equation,
Ac,l - AC,2
T ) 7
€

Sc, k

C

X = 8)
where the parameters A1, A. 2, Xc0, and p. are parameters related to the evolution of the
uniaxial compressive damage of dry concrete, which can be determined by the experimental
results of concrete under monotonic compression or can be obtained from Table 7 if no
relevant experimental results are available. Note that Table 7 was developed based on
the Chinese standard Code for the Design of Concrete Structures [19], considering the
following: (1) Considering the test method of the elastic modulus in the standard and
a better simulation of the stress—strain curve, the value of the elastic modulus E. in this
work was taken as 1.03 times of that in the standard [19]; (2) The coefficient of variation of
concrete strength 6. was obtained from Table 4 in Appendix C of the standard [19]; (3) ecu
denotes the ultimate strain of concrete under uniaxial compression, assumed to correspond
to the strain at stress o = 0.5f in the descent section of the stress—strain curve.

Table 7. Suggested parameter values for the damage model of dry concrete under uniaxial compression.

fac Mpa) 20 25 30 35 40 45 50 55 60 65 70 75 80
fon Mpa) 303 363 418 479 538 605 662 722 781 846 911 976 1042
E.(Gpa) 263 288 309 324 335 345 355 366 371 376 381 386  39.1
a 0003 0005 0.004 0003 —0.00 —000 —001 —001 —002 —003 —005 —0.07 —0.10
ol 4 4 9 1 09 57 08 44 38 56 11 30 94
Acn 1 1 1 1 1 1 1 1 1 1 1 1 1
Xc0 1.061 1120 1170 1211 1253 1285 1302 1318 1337 1349 1354 1349 1335
Pe 2218 2491 2758 3.015 3297 3560 3776 3988 4219 4406 4549 4619 4.621
Se 0206 0189 0172 0164 0156 0156 0149 0145 0.141 0141 0141 0141 0.141
£l (1076) 1470 1560 1640 1720 1790 1850 1920 1980 2030 2080 2130 2190 2240
ecul€ci 3.0 2.6 23 2.1 2.0 1.9 1.9 1.8 1.8 17 17 17 1.6

4.2. Stochastic Damage Model of Wet Concrete

Due to the randomness of the size, shape, and distribution of the aggregates, the ran-
domness of the distribution of initial defects, such as initial microcracks and microporosity
on a multi-scale (from microscopic to macroscopic), and the randomness of the distribution
of free water after rainwater and flooding entering the material (see Figure 8), especially
man-caused material properties’ randomness during the mixing, pouring, and vibrating
process in the village construction, the material concrete has a conspicuous randomness in
its mechanical properties under loading. Therefore, we proposed a damage model of wet
concrete to characterize the mechanical behavior’s heterogeneity.
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Figure 8. Heterogeneity of concrete materials (e.g., heterogeneity micro-defects and free water).

In order to describe the stochastic mechanical behavior of wet concrete, the stochastic
stress—strain curve of wet concrete subjected to uniaxial compression is suggested to be
characterized by the following equation,

po = flds es) - (1= pac) Ece 9)
o £ Voe = (1 - ,Mdc)EC8 + ksc0c0 fem (10)
b0 = —0.18 x (0.3223()3 —0.21 % (0.3223()2 + 0.40 x (0.322x) (11)

where i, is the mean value of the stress of wet concrete under compression; jiq. is the
mean value of the damage variable for dry concrete under uniaxial compression, calculated
by Equation (4); V. is the standard deviation of stress; d. is the coefficient evolution
of the standard deviation of stress, which is suggested to be determined by the experi-
mental results or by Equation (11) based on the results in the literature [20] if there is no
relevant test result available; ks is a correction parameter for the coefficient evolution of
the standard deviation of stress, according to Equation (11), and its value is suggested in
Table 8. The related parameters are also suggested in Table 8, if there are no experimental
results available.

Table 8. The parameter values suggested for the coefficient evolution of the standard deviation of
stress for dry concrete under compression.

fo (Mpa) 20 25 30 35 40 45 50 55 60 65 70 75 80
fen Mpa) 303 363 418 479 538 605 662 722 781 846 911 976 1042
S 0206 0.189 0172 0164 0.156 0156 0149 0145 0141 0141 0141 0141  0.141
Voo 626 687 717 784 839 942 985 1046 11.00 1191 1283 1374 1471
kse 204 187 170 162 154 154 148 1.44 1.40 1.40 1.40 1.40 1.40
£ (1076) 1470 1560 1640 1720 1790 1850 1920 1980 2030 2080 2130 2190 2240

4.3. Model Verification

The predictions of the proposed stochastic damage model for wet concrete in this work
were compared with the experimental results of the typical stress—strain response in the
mean value sense and stochastic stress—strain response of wet concrete under compression
in this work or in the literature [21] (see Figures 9-16). Through the comparison, it was
found that the proposed model was not only able to predict the mechanical behavior
of wet concrete in the mean value sense, but also to describe the stochastic mechanical
behavior of wet concrete in the probabilistic sense, which verifies the effectiveness of the
proposed model.
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Figure 9. Comparison of the experimental and theoretical curves for the concrete damage variable

d under dry conditions. The test value of the concrete damage variable d was obtained using
Equation (18b) from the literature [22].
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Figure 13. Comparison of the predicted results of the o-¢ response of naturally dried and saturated
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Figure 14. Comparison of the predicted results of the -¢ response of dry and saturated concrete and
the experimental results from the literature [11].
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Figure 15. Comparison of the predicted results of the stochastic o-¢ response of dry concrete and the
experimental results in this work.
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Figure 16. Comparison of the predicted random ¢-¢ response of wet concrete soaked for 12 h and the
experimental results in this work.

5. Discussion

In this paper, we experimentally investigated the mechanical properties of concrete
under compression after different immersion times and developed a stochastic damage
model of wet concrete. The conclusions drawn are as follows.

5.1. Transition from the Microscale to the Macroscale

In order to understand the intrinsic randomness of materials at different scales, it is
necessary to focus on the problem of medium processes in the transition from the microscale
to the macroscale.

Figures 17 and 18 demonstrate the average behavior of the probability density of
the damage variable d at the microscopic scale. They indicate that the randomness of the
microscopic thresholds leads to the random generation and development of microscopic
damage in concrete materials, which in turn leads to the evolution of the damage.

In Figures 17 and 18, three probability density functions commonly used in statis-
tical damage methods are examined by fitting the probability density results shown in
Figures 10 and 12. The results show that the best consistency of concrete can be obtained
using the lognormal distribution function shown in Figures 17a and 18a, compared to the
Gaussian distribution function in Figures 17b and 18b and the Weibull distribution function
in Figure 18c. The Weibull distribution function cannot effectively fit the probability density
in Figure 10; thus, it is not shown.
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Figure 17. Probability density fitting for thresholds under dry conditions. (a) Lognormal distribution;
(b) Gauss distribution.
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Figure 18. Probability density fitting for thresholds under 12 h immersion conditions. (a) Lognormal
distribution; (b) Gauss distribution; (¢) Weibull distribution.
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5.2. Comparison of the Mean Stress—Strain Curves of Concrete with Different Immersion Times

The variation curves of the mean stress response of concrete with strain for different
immersion times obtained from the tests are shown in Figure 19. Furthermore, in order to
facilitate the examination of the main characteristics of the mean stress response curves
of each group, we normalized the strain and stress and obtained the variation curves
of the mean stress with the normalized strain (see Figure 20, £/¢gy, where ¢ is the strain
corresponding to the peak stress) and the variation curves of the normalized mean stress
with the normalized strain (see Figure 20, 0/0max, Where omax is the peak stress). We
compared and analyzed these curves as follows.
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Figure 19. Mean o-¢ curves of concrete with different immersion times.
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Figure 20. Variation curves of the mean stress with the normalized strain for different immersion

times.

As it can be seen from Figure 20, the peak value of the mean stress appeared on the
stress—strain curve of the specimens baked at 50 &= 2 °C for 48 h, and it was significantly
higher than the peak value of the mean stress of the concrete under immersion, and the peak
value of the mean stress showed a gradual decrease with the increase in the immersion time.
As it can be seen from Figure 21, the correlation curve of the specimen with an immersion
time of 24 h reached the peak stress and then fell rapidly, showing the most obvious quasi-
brittle behavior. A possible reason is that, with the increase in the immersion time, the
water content in the pores of the concrete increased gradually until it was completely wet,
and under the action of the external compressive load, the microscopic pores were more
likely to produce the horizontal splitting tensile action of compressive loading, which made
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the cracks more likely to arise and development, and then the brittleness characteristics of
the material were more obvious and the strength was reduced.

—a— Specimens baked
—e— Specimens dried in air

1.0 —A— Specimens immersed 6 hrs
! ¥— Specimens immersed 12 hrs
Specimens immersed 24 hrs
0.8
é 0.6
9
B 0.4
0.2
0.0 A &Y
0 1 2 3 4
el ey

Figure 21. Variation curves of the normalized mean stress with the normalized strain for different
immersion times.

5.3. Characteristics and Limitations of the Stochastic Damage Model

The proposed model is an analytical mechanical model based on a class of damage
mechanics models, statistical mechanics models, and bundle chain models, and considers
the effect of water on the damage mechanics behavior of concrete. This class of models is
based on the fiber bundle model, which is recognized in theoretical physics and engineering,
and can describe complex damage mechanical behaviors, such as damage accumulation,
plastic development, and fatigue damage, in a simple form. The model proposed in this
paper is also characterized by its simple form and accuracy in expressing the stochastic
mechanical behavior of immersed concrete, which can reveal the micromechanical behavior
of damage generation and development in immersed concrete.

For high-strength concrete, such as concrete exceeding the C80 strength class, the
accuracy of the predicted values of the random mechanical properties by this model cannot
be determined because we do not have test results on its random mechanical properties.

6. Conclusions

In this paper, we experimentally investigated the mechanical properties of concrete
under compression after different immersion times and developed a stochastic damage
model of wet concrete. The conclusions that we were able to be draw are as follows:

(1) The degradation evolution of mechanical property for concrete with different immer-
sion times under uniaxial compression was obtained, and the shape of the stress—strain
curves of the wet concrete was similar to that in the literature.

(2) The proposed stochastic damage model was able to consider both effects of the
saturation and the damage behavior of wet concrete under compression. It was
verified by comparing with the experimental results in this paper and the classical
experimental results from the literature.

(3) The model was capable of evaluating the mean and standard deviation of the stress—
strain curve. The proposed model was validated by comparing the predicted and
experimental results. The results show a good agreement between the predicted
and experimental results. In addition, the predicted results based on the average
stress—strain curves were compared with the experimental results.

(4) A further exploration of the behaviors of wet concrete was obtained by examining
the media process in terms of transition from the microscale (microstructure) to the
macroscale (macroresponse). It was found that the lognormal distribution density
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function can represent well the damage probability density for wet concrete under
compression when compared to the Weibull and Gauss distribution density functions.

In the future, we will distribute and apply the research results obtained in this paper
to further carry out research related to the mechanical properties of village building foun-
dations considering the stochastic mechanical properties of concrete affected by different
immersion times and provide theoretical support, such as stochastic damage model and
their parameters, to the design and maintenance of village building structures. Moreover,
with the development of new theories and techniques of artificial intelligence, such as ma-
chine learning, this paper will provide experimental information of training and learning
for related theories and techniques. We will also try to introduce the related artificial intelli-
gence theories and techniques into the study of the principal structure model, or even the
research related to the design and maintenance of village and township building structures.
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