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Abstract. The Hydraulically driven test system and @ 100 mm split Hopkinson pressure bar(SHPB) test device were
employed to research the quasi-static and dynamic mechanical properties of concrete specimens which has been immersed for
60 days in sodium sulfate (group S1) and sodium chloride (group S2) solution, the evolution of their mass during corrosive
period was explored at the same time, and the mechanism of performances lost was analyzed from the microscopic level by
using scanning electron microscope. Results of the experimental indicated that: their law of mass both presents the trend of
continuous rising during corrosive period, and it increases rapidly on the early days, the mass growth of group S1 and group S2
in first 7 days are 76.78% and 82.82% of their total increment respectively; during the corrosive period, the quasi-static
compressive strength of specimens in two groups are significantly decreased, both of which present the trend of increase first
and then decrease, the maximum growth rate of group S1 and group S2 are 7.52% and 12.71% respectively, but they are only
76.23% and 82.84% of specimens which under normal environment (group N) on day 60; after immersed for 60 days, there
were different decrease to dynamic compressive strength and specific energy absorption, and so as their strain rate sensitivities.
So the high salinity environment has a significant effect of weaken the quasi-static and dynamic mechanical performance of
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concrete.
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1. Introduction

Concrete has been widely used in the field of
architectural structure and its durability is an attractive
concept for a long time in that it affects the service life and
safety of structures. As we all know, concrete has excellent
durability in general, but for the concrete that under the
extreme environment, because of the influence of physical,
chemical, etc., its durability faces daunting challenges.
Among the factors that influence the durability of concrete
structures, salt corrosion which occurs frequently in coastal
area and saline soil region is particularly prominent. For the
buildings such as houses, seaports, large sea bridges and
offshore platform facilities, etc., which are located in
coastal area, or directly built on sea surface, their main
structures have been immersed in seawater, scoured
throughout the year, and corroded by CI* and SO,* in
seawater; Concrete structures located in saline soil region,
especially the underground structures, are eroded seriously
by salt ions. CI™* can lead to the earlier and more aggravate
corrosion of rebar, so is the drop of concrete cover, which
results in the initiation of longitudinal cracks; The sulfate
penetration brings gypsum corrosion and ettringite
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corrosion inside the concrete, which results in the expanded
destruction of the internal structure of concrete, thus
causing a significant weakening of static and dynamic
properties.

So far, many scholars have carried out fruitful
researches on the impacts of chlorine and sulfate salt on
concrete, but it is not difficult to find that the researches in
this field mainly focus on the transmission laws of chloride
and sulfate ions which inside the concrete (Deby et al.
2009, Song and Chen 2011, Ye et al. 2017, Yang et al.
2017), the transmission models of ions and damage models
of concrete (Cho et al. 2015, Zuo et al. 2017, Tanyildizi
2017, Yin et al. 2017, Song et al. 2017, Yoon and Nam
2017), the study on static mechanical performance of
concrete that after corroded (Cohen and Mather 1991,
Turkmen et al. 2003, Hossain and Lachemi 2006, Assaad et
al. 2008, Uysal et al. 2012, Chindaprasirt and Chalee 2014,
Sharmila and Dhinakaran 2015), the microexamination
(Gao et al. 2013, Roventi et al. 2014, Fei et al. 2014) and
corrosion mechanism of chloride and sulfate ions on
concrete (Dallaire et al. 1997, Clifton and Ponnersheim
1994, Crammond 2003, Steinberg 2009, Chindaprasirt and
Chalee 2014). But in reality, the service environment of
concrete structures is becoming more and more complex.
They are subject to dynamic loads during their service
period, such as wind load action, earthquake action, impact
action and explosion action, etc., thus higher requirements
are put forward for the concrete structure under dynamic
load. Therefore, it is necessary to study the performance of
concrete in saline environment under high strain rates.
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Fig. 1 The casting mechanism of concrete specimens

So based on this phenomenon, the short-term corrosion
test was carried out in this paper, the corrosion solutions are
NaCl and Na,SO, solutions, both of which are with the
mass fraction of 15%, and ensure that the mass fraction of
solutions is kept constant during the corrosive period, this
experiment adopts immersion corrosion test method for a
period of 60 days which is counting from the end of 28-
days standard curing. Based on the quasi-static mechanical
performance of concrete that after corroded, the quasi-static
and dynamic mechanical properties were explored, the
evolution of mass during corrosive period were also be
studied at the same time, and combined with scanning
electron microscope (SEM), the damage mechanism of
concrete was analyzed at the micro level. Meanwhile, a
control group that doesn’t immersed in any solutions, but
the external environment were exactly the same, has been
set. For the purposes of easy to distinguish, the specimens
immersed in the NaCl solution was named as group S1, the
specimens immersed in the Na,SO,4 solution was named as
group S2, the control group was named as group N.

2. Experiment
2.1 Materials and specimens

The materials used in the production of concrete
specimens are as follows:

Ordinary Portland cement with the strength grade of
42.5R, crushed limestone with unit weight of 2700 kg/m*
and particle size range of 5-20mm, river sand with unit
weight of 2630 kg/m® and a fineness modulus of 2.8, tap
water, fly ash. The w/c of concrete design as 0.54, the mix
proportion of concrete is shown in Table 1.

The casting mechanism of concrete specimens can be
seen as Fig. 1.

As shown in Fig. 2, there are two kinds of size of
concrete specimens were casted in the experiment. The
cube specimens with the side length of 100 mm were used
for quasi-static test and the evolution of mass during
corrosive period, the size depends on Standard for test
method of mechanical properties on ordinary concrete
(GB/T 50081-2002) (In Chinese). While the cylindrical
concrete with the size of 98 mm diameter x50 mm height

(c) Cylindrical specimens after polish
Fig. 2 Concrete specimens
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was used for dynamic test, its size depends on the testdevice
of @ 100 mm split Hopkinson pressure bar (SHPB). After
28 days curing, the cylindrical specimens should be
polished to ensure that the non-parallelism of specimens is
less than 0.02 mm. In addition, their diameter should remain
in the scope of 100+1 mm and the thickness should be 50+1
mm.

2.2 Experimental equipment

2.2.1 Quasi-static test

The quasi-static test was based on Standard for test
method of mechanical properties on ordinary concrete
(GB/T 50081-2002). The device used for quasi-static test is
hydraulically driven test system, as shown in Fig. 3(a). This
system is mainly composed of hydraulic testing machine,
hydraulic source, data acquisition recorder and the
computer, and 2000 kN is its maximum load. The
compressive strength of concrete is the primary data in the
quasi-static test, which was used to explore the capacity of
concrete under quasi-static load after attacked.

(b) SHPB test device
Fig. 3 Experimental equipment

Table 1 Mix proportions of concrete (kg/m°)

River Crushed
sand limestone

338 215 643 1144 60

Cement Water Fly ash

It is well know that test date of mechanical behavior of
concrete shows great discreteness, and with reference to the
Standard, more than 3 specimens will be tested in each
group, and their average is took as the final result. The
bottom and top surfaces of hydraulic testing machine and
all the surfaces of cube specimen will be cleaned before
test, after specimen placed at the center of the bottom
surface of hydraulic testing machine, then the quasi-static
load applied.

2.2.2 Dynamic test

The split Hopkinson pressure bar (SHPB) device was
used in dynamic test, as shown in Fig. 3(b). The SHPB
device was composed of main testing equipment, energy
systems and date measurement systems. This test device is a
very effective equipment to conduct dynamic test, it has a
large range of testing strain rate, which makes it possible to
study the response of concrete under different levels of
dynamic load.

According to the test technique and theory of SHPB
(Gama 2014), this dynamic test is based on two
assumptions: (O Plane assumption, that is when the stress
wave propagating in metal bars, the lateral sections of bars
always remain in flat state; @ Stress-homogeneous
assumption, that is the stress wave propagates for two
round-trip inside the specimen, the stress is equal
everywhere inside the specimen. If the interface between
metal bar and specimen can’t reach the complete consistent
state, the stress inside the specimen can’t reach the state that
completely uniform, thus the experiment can’t reach the
constant strain rate (Ravichandran and Subhash 1994). If
the specimens destroyed under the state of non-constant
strain rate, the measured dynamic mechanical properties are
not accurate enough. Therefore, the technique of reshape
incident waveforms (Frew et al. 2002, Lu et al. 2002, Li
and Xu 2009) has been proposed successively. In this paper,
five kinds of pulse shapers, made of H62 brass, with the
thickness of 1 mm and the diameter of 20, 22, 25, 27, 30
mm, were used to reshape the waveforms. The experiment
has proved that, the waveforms that have been reshaped can
meet the requirement of test well, and can ensure the stress
inside the specimens reaches the state that completely
uniform by eliminate the dispersion effect that result from
the spread of rectangular wave in traditional SHPB test.

The dynamic test of concrete also shows great
discreteness, so in this test, multiple specimens (at least 3)
will be tested at each strain rate. The two surfaces of
cylinder specimen, and the surfaces of incident bar and
transmission bar, will be cleaned before test, and for the
purpose of eliminate the frictional effect cause by the
interface of metal bar and specimen, the mixture of graphite
and lubricant will be paint on the surface of specimen and
bars, after pulse shaper pasted on the center of the other
surface of incident bar, then the dynamic load applied.

3. Experimental results and analysis

3.1 Mass changes
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Fig. 4 The evolution of mass

Table 2 The mass of concrete during corrosive period (g)

Corrosion time od 7d 14d 21d 28d 35d 42d 49d 60d
N 2403.67 2382.33 2378.67 2376.33 2374.33 2372.33 2371 2370 2369
S1 2379.33 2393.67 2393.67 2393.33 2394.33 2395.33 2396.33 2397.33 2398
S2 2389.67 2407.33 2406.67 2407 2407.67 2407 2409.33 2410.33 2411.33

When the concrete specimens immersed in solutions, the
significantly mass change of specimens were result from the
influence of two aspects: attacked by salt ions and
constantly absorbing water. Although the mass change
cannot reflect the corrosion progress of concrete specimens
during corrosive period accurately, it is a comprehensive
reflection of concrete that after corroded in the macroscopic
view.

The mass of cube specimens were weighed every week,
and there were several specimens weighed in every group,
their average was taken as the final results which shown in
Table 2, and its varying tendency with the time was draw
which can be seen in Fig. 4. As seen in Table 2 and Fig. 4,
with the increase of corrosion time, the mass of specimens
in group N decreases gradually, it declines rapidly in the
early stage and relatively slow in the late stage, the total
loss is 1.44%, and the loss in first 7 days is 61.48 % of the
total loss. Distinctive from the specimens in group N, the
mass of specimens in group S1 and group S2 increase
gradually with the increase of time, and the total increments
are 0.79% and 0.91% respectively. Analogously, they
increase rapidly in the early stage and relatively slow in the
late stage, the increments in first 7 days are 14.34 g and
17.67 g thus reach 76.78% and 82.82% of their total
increments on day 60.

3.2 Strength

3.2.1 Quasi-static compressive strength

The quasi-static compressive strength is an important
mechanical performance index to measure the concrete’s
bearing capacity. Starting from the concrete began to
service, quasi-static load always accompanying until the
concrete out of work. In this paper, according to the
Standard, the hydraulically driven test system was used to
compression test with the loading rate of 0.5~0.8 MPa/s.

The quasi-static compressive strength of specimens that
when the maintenance finishing is 32.73 MPa, and the
results of quasi-static test are listed in Table 3.

Table 3 illustrates that, the quasi-static compressive
strength in group N continuously increases, and the growth
rate reaches 30.31% on day 60; but for the specimens in
group S1 and group S2, their quasi-static compressive
strength both increase first and then decrease, the maximum
growth rate of group S1 and group S2 are 7.52% and
12.71% respectively, but they are only 76.23% and 82.84%
of specimens which under normal environment on day 60.

3.2.2 Dynamic compressive strength

The dynamic stress-strain curves is the concentrate
expression of dynamic mechanical performance indicators
of concrete specimens, their geometrical shapes and
characteristics can reflect the accumulation of deformation
and evolution of damage characteristics obviously during
the whole process of mechanical damage. The dynamic
stress-strain curves of three groups that under different
impact loadings are illustrated in Fig. 5.

The following verdicts can be obtained from Fig. 5: for
the dynamic stress-strain curves of all specimens, with the
increase of strain rate (impact speed), the maximum stress
monotonously rising, and the descent stage of curve
gradually moves to the right on the whole, which indicates
that the deformation degree gradually increasing.

Table 3 The static compressive strength of concrete
specimens during corrosive period (MPa)

Corrosion time 0d 15d 30d 45d 60d

N 32.73 3764 3997 4134 4265
S1 3273 3519 3423 3298 3251
S2 3273 3689 3614 3593 3533
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Fig. 5 The dynamic stress-strain curves

Dynamic compressive strength f; 4, the maximum stress
of dynamic stress-strain curves, is an important indicator to
measure the effect of loading on strength, and reflects the
strength characteristics of the material directly. The
relationship between dynamic compressive strength and
average strain rate is showed in Fig. 6, from which the
following verdicts can be obtained: the dynamic
compressive strength is found to be linear to the average
strain rate £ , and the increase ratio of dynamic
compressive strength of three groups are diminishingly (the
slopes of fitting lines are diminishingly); on the whole, the
dynamic compressive strength of group S1 and group S2
have a significant drop when compared with group N, the

drop indicates that the endurance of concrete against to
dynamic loading is badly affected by the effect of salt
corrosion, and the degree of corrosion under chloride
environment is more serious than under sulfate
environment. The relationship between average strain rate
£ (s) and dynamic compressive strength f. 4 (MPa) can be
approximately linearly expressed as

N: f, =11.7756+0.5849¢ (R’ =0.9832) @)

S1: f, =11.3548+0.4577¢ (R® =0.9066) )

S2: f,=261249+0.3173Z (R*=0.7692)  (3)

In order to study the deformation characteristics of
concrete that under the impact loading, the ultimate strain
(US), which defined as the strain when the concrete
destroyed completely, is quoted in this paper. Fig. 7 shows
the relationship between US and average strain rate & , the
picture shows that, the higher the strain rate is, the bigger
ultimate strain can be obtained, thus the greater the
deformation, which shows a significant strain rate effect; on
the whole, when the strain rate is low, the US of group N is
maximum, while the deformation of specimens in group S1
attains the maximum when the strain rate is high, and for
the specimens in group S2 are always minimum whether the
strain rate is high or low.
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The relationship between average strain rate & (s
and US can be approximately linearly expressed as

N : US =0.01125+1.6193x10“Z (R?=0.9284)  (4)

S1: US =0.00628+2.3283x10“Z (R>=0.9367)  (5)

S2 : US =0.00661+2.0084x10*Z (R> =0.9469)  (6)

3.3 Energy

If there is material, there is energy. Being the most
widely wused building material, concrete’s energy
characteristics have always attracted great attention in
related area throughout the whole world. Specific energy
absorption (SEA) is an important mechanical performance
indicator from which can measure the ability of material
that absorb the external impact energy, the higher the SEA,
the stronger the ability of absorb impact energy, its physical
meaning is the absorption of stress wave energy for per unit
volume of concrete, and can be expressed as

SEA:%E ERORTAORER ) %

Where A, A, are cross-sectional areas of bars and
specimen, respectively; E is Young’s modulus of bars; c is
wave velocity in bars; | is original length of specimen; T is
the time when concrete specimen eventually fails with
catastrophic damage; &, &, & are incident, reflected and
transmitted strain, respectively.

Fig. 8 shows the SEA of specimens in each group under
impact loading. The picture illustrated that, same as f.g,
with the increase of average strain rate, the SEA Kkeep rising,
and on the whole, the SEA of group N is always maximum,
and unlike the f.4, when the strain rate is low, the SEA of
group S1 is lower than group S2, while it turns out to be
higher than group S2 when the strain rate is high. The

relationship between average strain rate & (s*) and SEA
can be approximately linearly expressed as

N : SEA=-188.4866+12.7601¢ (R® =0.9828) (8)

S1: SEA=-188.4176+10.2266¢ (R>=0.9085)  (9)

S2 : SEA=71.2918+6.81942 (R?=0.9221)  (10)

3.4 Analysis and discussion

The essential of corrosion for concrete is the change of
macroscopic and microscopic characteristic inside concrete
which result from the reactions of internal structure. After
concrete hardened, the cement paste is composed of cement
hydration products, unhydrated cement particle, free water

and air, etc. The major components of hydration products
are calcium hydroxide (crystal), calcium silicate hydrates
(gel), calcium ferrite hydrates (gel), calcium aluminate
hydrates (crystal) and calcium sulfoaluminate hydrates
(crystal), and the content of calcium silicate hydrates which
plays a decisive role in concrete strength, is more than 50%.

When the concrete specimens soaked in NaCl solution,
the chloride ions penetrated in concrete mainly through
three ways: (1) diffusion, the transmission caused by
concentration difference of chloride ions; (2) seepage, the
chloride ions move into concrete that under the action of
water pressure; (3) capillary adsorption, the chloride ions
move into concrete together with capillary water with the
help of moisture gradient which caused by the function of
negative pressure adsorption of capillaries inside the
concrete. The chloride ions inside the concrete react with
Ca(OH), first, and create CaCl,, and then react with
calcium aluminate hydrates, create
3Ca0-Al,05-3CaCl,-31H,0 which has larger volume. The
main reactions (Suryavanshi and Swamy 1996) can be listed
as follows

3(Ca0- Al,0,)+6H,0 —»3Ca0- ALO, -6H,0  (11)

Ca(OH), +2Cl" — CaCl, + 20H " (12)

2Ca(OH), +2CI~ +(n—1)H,0

(13)
—»Ca0-CaCl, -nH,0 +20H "

3Ca0- Al,O, -6H,0 +3CaCl, + 25H,0

—3Ca0- Al,O, -3CaCl, -31H,0 (14)

The impact of sulfate on concrete mainly includes two
aspects: on the one hand, when the SO, moves into
concrete, it will change into the crystal because of
temperature decreasing, and fill in the internal porosity; on
the other hand, the sulfate ions inside the concrete react
with calcium hydroxide and calcium aluminate hydrates,
and create ettringite (3CaO-Al,05-3CaS0,4-32H,0) and
gypsum (CaSQ,4-2H,0).
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The main reactions (William et al. 1996) can be listed as

follows

CaO-H,0+Na,SO0, +2H,0
—> CaS0, - 2H,0 + 2NaOH

3Ca0- Al,O, +3(CaS0, - 2H,0) + 26H,0
—>3Ca0- Al,0, -3Cas0, -32H,0

Ca0- Al,O, +3(CaSO0, - 2H,0) + 2Ca(OH),
+24H,0 —» 3Ca0- Al,0, -3CaS0, -32H,0

3(Ca0- Al,0,)-CaS0, +8CaS0, +6Ca0
+96H,0 —> 3(3Ca0- Al,O, -3CaS0, -32H,0)

n.qm; P12 vm:zla? W "lﬂ,!{f"’m'“"
' ‘ () Group S1
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iy s
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Fig. 9 Micro-structure of specimens
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Fig. 10 Micro-crack of specimens

3.4.1 Analysis of mass change

For the specimens immersed in chloride and sulfate
solution, the increase of mass is mainly caused by two parts,
one is the water that has been absorbed during the period of
immersion, the other one is the increase of reactions
between erosion ions and concrete, and combined with the
free water at the same time. So after 60 days corrosion, the
mass loss was not exhibited by the specimens in group S1
and group S2, and there was a certain increase of mass
instead. What calls for attention is that, the two parts are
influence mutually, firstly, the water absorbed in first part
can provided as reactants for the second part, and thus gives
rise to more water will be absorbed, for the second part,
because the larger volume of products, the space inside the
concrete will be decreased, and thus affects the water
absorption in the first part.

For the specimens in group N, the decrease of mass is
mainly because of the moisture loss which includes two
parts: the consumption of hydration reaction inside the
concrete and water evaporates. Even though the strength of
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(c) Group S2
Fig. 11 Failure forms

concrete after standard curing for 28 days can reach more
than 80% of design strength, the hydration reaction inside
the concrete is not over yet, and it will be continues and
more and more slowly as time goes on; water evaporates is
the main part of moisture loss, it often happens on the
shallow part of specimens, the water evaporates inside
concrete via interior pore which has a greater loss in the
early phase of experiment and fewer in later.

3.4.2 Analysis of strength

The quasi-static and dynamic compressive strength of
concrete in group S1 and group S2 are significantly
decreased during corrosive period. The essential of
corrosion is the process of macroscopic and microscopic
characteristic changes inside the concrete which result from
the changes of internal structure. CI™ inside the concrete
reacts with Ca(OH), first, and forms CaCl,, then reacts
with calcium aluminate hydrates, forms
3Ca0-Al,05-3CaCl,-31H,0 which has relatively large
volume and low strength; SO, inside the concrete reacts
with calcium hydroxide and calcium aluminate hydrates,
and forms ettringite (3CaO-Al,03-3CaS0,-32H,0) and
gypsum (CaSQO,4-2H,0), due to the consumption of water,
certain amounts of sodium sulfate crystals are formed,
which fill in internal pores of concrete.

It is known that, there are some initial holes inside
concrete, in the initial reaction period, the reaction products
are relatively few, and they are filling in the initial holes, as

pointed in Chen's work (2008), so there is no internal stress
at this time, and it has a positive effect on strength, as seen
in Table 3. While with the increase of corrosion time, the
products grows and touches to the boundary of the initial
holes, on the one hand, due to the consumption of chemical
reactions, the original hydration products have changed,
thus the internal composition and structure of concrete were
destroyed. On the other hand, the volume expansion of
excess products causes internal stress, which has an internal
damage to the structure of concrete, and under the action of
internal stress, the internal composition and structure of
concrete are destroyed, the properties of original hydration
products are changed, which leads to the decrease of
concrete strength, as seen in Table 3.

Figs. 9 and 10 are microstructure and micro-crack of
specimens in each group, from which the following
messages can be obtained: because there is no corrosion to
specimens in group N, as the corrosion time goes on, the
hydration product of C-S-H is continuously increasing, so is
their compactness, and the cracks inside them are small in
size and less in number, thus their strength increases
continually; while for the specimens in group S1 and S2,
There are many flocculation crystals which are closely
spaced, and form a dense crystal layer inside the corroded
specimens, this will result in internal stress, and under the
force of the stress, the size of internal cracks becomes
larger, and leads to the performance degradation of these
specimens.
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The dynamic compressive strength increases with the
increase of strain rate, mainly because of the prominent
strain rate effect (Ross et al. 1996, Grote et al. 2001, Zhou
and Hao 2008, Su and Xu 2013), meanwhile, as Fig.11
shows, with the increase of impact velocity (strain rate), the
degree of damage tend to be more serious gradually, which
can be expressed in the increase of number and the decrease
of size of the fragment.

As shown in Fig. 6 and the analysis above, because of
the specimen in group S1 has a more porous structure after
corroded, it has a higher dynamic compressive strength than
the specimen in group S2. What’s more, after corroded by
sulfate solution, the volume of products is larger than that
of products corroded by chloride solution, which means the
lesser size of internal deformable space, thus the strain of
specimen in group S2 always keeps minimum. Varying in a
certain range, the higher the strength, the greater the strain,
thus the strain of specimen in group N is maximum when
the strain rate is low. Because of the strain rate effect, the
strain is linear to the average strain rate, while the increase
ratio (the slop of fitted line) of group N is smaller than other
two groups, maybe it is results from the interaction of the
effect of strain rate and corrosion.

3.4.3 Analysis of SEA

From a perspective of fracture mechanics, the failure of
concrete is mainly because of the initiation and extension of
cracks. There are many kinds of energy during the failure
process (Labuz and Dai 2000, Fengnian et al. 2004), and
the primary of them are elastic potential energy, surface
energy, plastic potential energy, radiant energy and kinetic
energy, etc.

There are two factors that have an effect on the
capability of energy absorption of concrete, one is the
strength of concrete itself, the higher the strength is, the
more external impact loading it can offset, that the stronger
the capacity of energy absorption, after attacked by erosion
ions, the concrete strength has declined, and so as the
resistance to impact loading, thus the capability of energy
absorption has been weakened; the other factor is the size of
deformable space inside the concrete, the larger the internal
porosity has, the more room for the deformation of concrete
that under dynamic loading, thus the stronger the capability
of energy absorption which depends on deformation. When
the strain rate is low, the strength of concrete in group S1 is
higher than group S2, the former plays the major role, and
the SEA of group S1 is higher than group S2; while the
latter plays the major role when the strain rate is high,
because of the internal porosity of specimens in group S2 is
filled with sodium sulfate crystal, ettringite and gypsum, the
size of deformable space inside the concrete is smaller than
group S1, thus the capability of energy absorption is
weaker.

4. Conclusions

The hydraulically driven test system and @ 100 mm
split Hopkinson pressure bar (SHPB) test device were
employed to research the quasi-static and dynamic

mechanical properties of concrete specimens which has
been immersed in NaCl and Na,SO, solutions both with the
mass fraction of 15% for a period of 60 days. The main
conclusions and findings in this paper are as the following:

« For the specimens in group N, because of the evaporation

of free water and the hydration of cement, the mass present
the law of continuous declination, it declines rapidly in the
early stage and relatively slow in the late stage, the loss of
mass after soaked for one week is 61.48% of the total loss
on day 60. But for the specimens in group S1 and group S2,
because of the combined action of water absorption and
corrosion, their mass displayed the law of increase
gradually with the increase of time, the increments in first 7
days are 14.34 g and 17.67 g, thus reach 76.78% and
82.82% of the total increments which are 0.79% and 0.91%
of their specimen’s weight on day 60, and both increase
relatively slow in the late stage.

» During the corrosive period, the quasi-static compressive
strength of group S1 and group S2 both increase first and
then decrease, the maximum growth rate of them are 7.52%
and 12.71% respectively, but they are only 76.23% and
82.84% of specimens which under normal environment on
day 60.

» After immersed for 60 days, there were different decrease

to dynamic compressive strength and specific energy
absorption, and so as their strain rate sensitivities; on the
whole, when the strain rate is low, the capability of energy
absorption of group S2 is stronger than group S1, while it
turns out to weaker when the strain rate is high.
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