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This paper firstly explores the hydrothermal aging performance of a new room
temperature cured structural adhesive at four different levels of relative humidity through
dynamic mechanical analysis (DMA). The results show that the strengthening effect of
post-curing was stronger than weakening effect of humidity. Then, the Arrhenius
equation was introduced to calculate the ratio of the apparent activation energy of this
adhesive at the glass transition temperature before and after hydrothermal aging. The
little change of the ratio suggests that the adhesive boasts a strong resistance to
hydrothermal aging. In addition, the adhesive was tested on concrete structures at room
temperature to observe its repairing effect of concrete cracks. The observations reveal
that the compressive strength of the cracked concrete block repaired by the adhesive was
as high as 90.5% of that of the intact concrete block. Furthermore, the adhesive was used
to bond rebars to concrete under three different constant tensile speeds. The results

demonstrate that the bonding effect was better under slow constant loading.

1. INTRODUCTION

Engineering structures with decades or even centuries of
service life undergo significant changes in the environment.
Through the long-term service, the structural adhesive, a
common bonding polymer in building structures, ages
physically. This material has many attractive properties,
namely, high strength and stiffness, excellent adhesive
property, strong corrosion resistance, as well as good
insulation and thermal performance. However, the physical
aging of the adhesive involves both macro- and micro-
variations of molecular construction and constitution, causing
property changes and even material failure. This will threaten
the safety and stability of engineering structures. Besides, the
long-term performance of adhesive during the service period
is also greatly affected by the presence of post-curing [1-3].
Therefore, recent studies on the aging of epoxy materials have
paid much attention to the exposure to environmental factors
like humidity, thermal, light, and post-curing [4-7]. It is
important to grasp the law and influence of physical aging of
structural adhesive in various complex environments [8, 9].

In the past decades, there were many theoretical and
experimental analyses on how temperature or humidity affect
the property of epoxy adhesive. The results demonstrate that a
short time is recommended for thermal aging experiments on
the adhesive, because temperature significantly affects the
adhesive property in a short period [10-15]. In general, fewer
scholars examined the effect of humidity on epoxy resin
adhesive, a typical amorphous cross-linked polymer, than that
of temperature. As the bonding interface is damaged by
moisture, the interface strength of epoxy resin adhesive will
degrade obviously in the long term under the hydrothermal
environment. Besides, the interface damage induced by
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moisture will be accelerated by temperature [16-18], causing
degradation of adhesive properties and even failure of the
bonding interface. Therefore, hydrothermal aging has a
nonnegligible impact on adhesive performance.

For the above reasons, quite many scholars have put the
epoxy resin adhesive in water at constant temperature, trying
to manually speed up the aging process, and disclose the effect
of humidity on the adhesive [19-25]. This approach can indeed
reduce the time cost of the experiment. However, immersion
in water with constant temperature is not an exact reproduction
of the actual service environment of epoxy resin adhesive. A
few researchers replaced this approach with a hydrothermal
aging oven, with the aim to simulate the service environment
of the epoxy resin adhesive.

In polymer research [26-29], the time-dependent properties
of materials under dynamic load are often investigated with
the characterization technique of dynamic mechanical analysis
(DMA). Nonetheless, this technique has rarely been applied to
characterize the aging procedure of epoxy resin adhesive,
compared with the common metrics like the change of tensile
strength and moisture absorption rate. In fact, it is more in line
with the actual situation to characterize the performance of
adhesives before and after aging in building structures with
dynamic mechanical properties. After that, the dynamic load
is more common than static load in building structure, such as
crowd load on the floor, vehicle load on bridge, etc.

A lot of efforts have been made to modify epoxy resin [18,
30, 31]. For example, the strength and stiffness can be
improved to a certain extent by adding fibers. To realize the
expected performance, the adhesive must be cured under
proper conditions (e.g., temperature and time) [32]. In most
cases, the developed adhesives are applied outdoor in civil
engineering, even in remote areas without any external heat
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source. Hence, the adhesive used to strengthen engineering
structures should be easy to operate, and able to cure in simple
conditions. Some cold curing structural epoxy adhesives could
cure at a low temperature and perform well, but their glass
transition temperature is as low as 70°C [33-35].

Many have reported the significant effects of curing
temperature on durability indices [36-38]. Normally, the
curing temperature is positively correlated with the
performance of epoxy adhesive. Yet, some modified structural
epoxy adhesives weaken with the substantial growth of
modifiers like tougheners and diluents [39]. Considering the
economy and practicability, the newly developed structural
epoxy resin adhesive should be able to cure at room
temperature, and reach a sufficient strength in the natural

environment, without modification or any additional condition.

In this paper, the target epoxy resin adhesive is a structural
adhesive for reinforcing, repairing, and bonding in building
structures, such as to combine different construction materials
into an integral load-bearing system.

To comprehensively describe the properties of the adhesive,
the bonding effect between the structural adhesive and the
building materials should be characterized, in addition to the
behavior of adhesive. For this reason, it is important to

evaluate the performance of the adhesive in the actual structure.

However, most scholars have emphasized the performance of
adhesive itself, e.g., tensile strength, shear strength, and peel
strength [34, 37-38] over the performance of the integral
system composed of the structural adhesive and building
materials. This is attributable to two facts: One the one hand,
the testing instruments are too limited to test the whole
building structure or components, owing to their large volume
and weight. On the other hand, it is difficult to guarantee the
quality of the concrete components needing a long period of
maintenance and production.

The target structural adhesive has already been discussed in
the previous work, which explores the change of performance
in a single and constant humidity environment and the tensile
creep behavior [40, 41]. In this paper, the room temperature
cured structural adhesive was tested under four levels of
relative humidity, using a hydrothermal aging oven, and then
applied to actual concrete components. The hydrothermal
resistance of the adhesive was measured by the aging
performance index of dynamic mechanical properties.
Moreover, the application effect of the adhesive in the
structural components was evaluated comprehensively
through tests. The research findings not only provide a desired
DMA method to probe the performance of the new epoxy
adhesive under potential complex environments, but also shed
new lights on the application of the adhesive in engineering
structures.

2. MATERIALS AND SAMPLE PREPARATION

The new structural adhesive needs to be prepared from the
following materials: E51 and F51 commercial epoxy resins
(Wuxi Xingchen Chemicals Co., Ltd., China); Qishi QS-BE
toughening agent (Beijing Jingdao Qishi Materials Sci. &
Tech. Co., Ltd., China); m-Xylylenediamine (m-XDA)
hardener (Xiamen Grandachem Co., Ltd., China).

The new structural epoxy resin adhesive should live up to
the performance standard in ASTM D2990 [43]. Therefore,
the samples were cured at room temperature for 7 days. Then,
the tensile strength and the elongation at break of the adhesive
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were measured as 55MPa and 3.77% with a universal
electronic testing machine (MTS Industrial Co., Ltd., China).
The results are superior to the requirements on type A
structural adhesives (tensile strength>30MPa; elongation at
break>1.2%) for concrete reinforcement in the Technical Code
for Safety Appraisal of Engineering Structural Strengthening
Materials (GB50728-2011) [42].

The adhesive sample for tensile test, and that for
hydrothermal aging test are given in Figures 1 and 2,
respectively. The latter sample is of the size 25mm (length),
Smm (width), and 2.5mm (thickness).

Figure 1. Tensile test sample

Figure 2. Hydrothermal aging test sample

3. HYDROTHERMAL AGING TEST
3.1 Instruments and test plan

Each test sample (Figure 2) was cured at room temperature,
and then put into the hydrothermal aging oven (Huaxia
Technology Co., Ltd., China). The sample was subjected to
hydrothermal aging tests under the constant temperature of
70°C and four relative humidity levels (65%, 75%, 85%, 95%)
for 30 days. Then, the changing properties of the adhesive
were characterized by the DMA8000 rheometer.

In each test, temperature and frequency scans were
performed, using the single cantilever bending mode, on both
aged and unaged samples. The mean results were taken as the
outcome. During the temperature scan, the temperature was
elevated from room temperature to 150°C at the rate of
2°C/min, with the strain of 0.1%. In the frequency scan, the
frequency was changed from 0.01Hz to 100Hz under seven
test temperature levels (40°C, 50°C, 60°C, 70°C, 80°C, 90°C,
100°C), with the strain of 0.1% at each temperature.

3.2 Results and discussion

3.2.1 Temperature spectrum

As shown in Figure 3(a), the storage modulus (£") of the
epoxy resin adhesive was 1.7GPa, corresponding to the curve
of aged sample at room temperature. £' is defined as the ratio
of stress to strain when the strain lags a certain phase angle of
stress.

After aging at different humidity levels for 30 days, the E'
of aged samples were all higher than that of the unaged sample.



The reason for this phenomenon is as follows: The adhesive
simultaneously faces the post-curing enhancement by high
temperature and intermolecular weakening by high humidity;
the former effect is stronger than the latter effect.
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Figure 3. (a) E'-T curves and (b) tan -7 curves of samples

under the constant temperature of 70°C and four levels of
relative humidity after 30 days

As the test temperature increased from room temperature to
90°C, the E' at the relative humidity of 65% and 75% were
improved in turn, while that at the relative humidity of 85%

and 95% were low than that at the relative humidity of 65%
and 75% (Figure 3(a)). Further temperature growth
significantly suppressed the £' at the relative humidity of 95%.

The sharp decrease of E' at the relative humidity of 95% is
attributable to the strong impact of swelling and plasticization
on the adhesive at that ambient humidity. From the perspective
of molecular structure, polymers can resist the damage of
external forces, thanks to the chemical bond force within
molecules, as well as the van der Waals force and hydrogen
bond between molecules. Water absorption will cause the
material to swell and plasticize, and damage the of van der
Waals force and hydrogen bond between macromolecular
chains. Then, the material will enter the glass transition zone
at a lower temperature. The resulting strain increment will lead
to a smaller stress and £

The tan J-T curve is sensitive to the property change of
polymer molecules. Thus, glass transition temperature (7g)
can be determined accurately by the peak of tan J-T curve.
Corresponding to the peak value of the unaged sample in
Figure 3(b), the Tg (108°C) of the structural adhesive was far
higher than the level (70°C) reported by some scholars [35, 36]
for the room temperature-cured adhesive. Table 1 lists the Tg
of this adhesive under different ambient conditions.

Table 1. Tg of samples under different aging conditions

Unaged Relative humidity of 65%

Relative humidity of 75%

Relative humidity of 85%  Relative humidity of 95%

Tg 108°C 121°C

122°C

120°C 119°C

Some hydrothermal aging tests [43, 44] indicate that, the
right shift of the peak of the tan -7 curve equals the
improvement of 7g and enhancement of crosslink density.
That is, the tan J-T curve characterizes the changing
performance of the material.

As shown in Figure 3 (b), the four samples aged at four
different levels of relative humidity all had a higher Tg, i.e.,
the temperature corresponding to the peak of the tan J-7 curve,
than the unaged sample. This is attributable to the crosslink
density improved by post-curing, which occurs along with
hydrothermal aging.

With the increase of humidity, the Tg of the adhesive
increased successively from unaged to the aged at relative
humidity of 65% and 75%. As the relative humidity reached
85% and 95%, the peak of the tan J-7 curve moved leftward
in the direction of low temperature, compared with that at the
relative humidity of 65% and 75%. This phenomenon is
consistent with the above analysis, revealing that the long-term
exposure to high humidity breaks the molecular chains,
making them more flexible.

From unaged to the relative humidity of 65% and 75%, the
peak of the tan J-T curve gradually declined. Meanwhile, the
peak width narrowed significantly in the late phase of aging,
for the absorbed water lubricates the molecular chains and
reduces the loss. As a result, the E' at the relative humidity of
65% and 75% was better than at of the unaged.

3.2.2 Frequency spectrum

As shown in Figure 4, for the unaged sample and the
samples aged at four levels of relative humidity (65%, 75%,
85%, 95%) for 30 days, the E'-f curves varied roughly the same
at different test temperatures (40°C, 50°C, 60°C, 70°C, 80°C,
90°C, 100°C).

Under a fixed test frequency, the storage modulus E’
declined successively with the increase of test temperature.
Since the frequency, i.e., the observation time ¢, is fixed at a
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value smaller than the relaxation time 7 of molecular
movement unit, the movement of the unit is not observable
within the limited observation time #z>f). In the meantime, the
chain segment movement is frozen, and the epoxy resin
adhesive is in the glass state, with a large storage modulus.

o
o, o
o ety
i

—0— 40°C —o— 0°C —— 60°C|
—— T0°C —C— B0°C ——80°C|
—— 100°C
) -1 1 2
o
o

L, g

a2
El
=}

P14
W12

10
—0—40°C—c— 50°C—a—60°C
—7— T0°C—— B0°C—— 90°C
—— 100°C

—o— 40°C—o— 50°C—e—60°C
—7— T0°C—— B0"C—a—907C,
—— 100°C

08

06

0 ]
lofHz lafTHz

20
154
164

T 14

%1.2-
1.0

—0—40°C—— 50°C—2— 60°C
—7— T0°C——80°C—a— 0°C
——100°C

—0—40°C—0— 30°C—— 60°C|
—7—T70°C——B0°C——20°C|
——100°C

08

0.6

1 1 1 1

'
[
i

0 ] 1 2
lgfHz IfTHz
Figure 4. E'-f curves at different levels relative humidity
under different test temperatures (a)unaged, (b)65%, (¢)75%,
(d)85%, (e)95%



As 7 decreases with the increase of the test temperature, the
movement can be fully observed within the observation time
when 7<¢. In this case, the free chain segment movement brings
a highly elasticity to the epoxy resin adhesive at the small
storage modulus E'. Nevertheless, the positive correlation
between E' and test frequency f comes from the fact that: a
high test frequency increases the lag of the movement of the
internal molecular chain segment behind the change of the
external force; with the decrease of internal friction, the
material becomes more stiff, resulting in the rise of £".

As the test temperature rose from 40°C to 80°C, the
variation of E' was small, and the E'-f urves were relatively
gentle. Once the temperature climbed up to 90°C, the E'
increased dramatically, and the E'-f curves became steep.
Moreover, the slope of the curves E'-f increased with the
humidity at 90°C and 100°C (Figures 4(a)-4(g)).

—o0—40°C
——30°C
—a—60°C
——10°C

Figure 5. tan J-f curves at different levels relative humidity
under different test temperatures (a)unaged, (b)65%, (¢)75%,
(d)85%, (¢)95%

The trend of tan J-f curves at different levels relative
humidity (Figure 5) was consistent with the analysis results
of Figure 4. Since the chain segment movement is frozen under
low test temperatures (40°C, 50°C, 60°C, 70°C, 80°C), it is

necessary to overcome the friction among the chain segments.
That is why the internal friction was small, and the tan J-f
curves remained basically unchanged. As the temperature rose
to 90°C, 100°C, the chain segments shift from the frozen state
to free state, and their movement needs to overcome a large
friction force. Hence, the internal friction increased, i.e., tan
increased.

4. THERMODYNAMIC ANALYSIS

To further reveal the effects of hydrothermal aging on the
properties of epoxy curing system, the apparent activation
energy of glass transition, a metric of the degree of
hydrothermal aging, before and after hydrothermal aging were
calculated by Arrhenius equation [45, 46]. The dependence of
molecular motion on temperature and frequency obeys
Arrhenius equation:

— _ AAE/RT
T=17,€ @)
where, T, is a constant; R is a gas constant; 7T is absolute
temperature; /is a frequency with unit Hz; AFE is the activation

energy required for unit motion. Substituting T = % for z, the

logs of the two sides of formula (1) can be obtained:

In(2zf)=-Inz,—AE/RT ()

or Inf =A-AE/RT 3)

When the glass transition temperature 7g equals 7, AE is
the activation energy of chain segment motion.

In the DMA test, the test frequency was set to 1Hz under
different hydrothermal aging conditions. Hence, formula (3)
can be converted into:

AEl/AEz :Tgl/ng 4)

Hence, the ratio of activation energy equals the ratio of glass
transition temperature (absolute temperature). The activation
energy of the chain segment of the unaged (4Epageq) Was set
as 1, and the ratio of the activation energy under another
hydrothermal aging condition to AEp,4eq are listed in Table 2.

Table 2 shows that the chain segment activation energy of
epoxy resin adhesive changed little, indicating that the
adhesive performance remains stable as the relative humidity
increases from 65% to 95%. Therefore, the adhesive boasts a
strong resistance to hydrothermal aging.

Table 2. The ratio of activation energy under different aging conditions condition to AE\p,geq

Unaged Relative humidity Relative humidity Relative humidity Relative humidity
& of 65% of 75% of 85% 0f 95%
Glass transition temperature Tg 1 1.03412 1.03674 1.03149 1.02887

5. APPLICATION EXPERIMENTS
5.1 Repair and reinforcement of cracked concrete

5.1.1 Sample preparation
To evaluate the repair and reinforcement effect of the
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adhesive on cracked concrete, 18 rectangular concrete test
blocks (length: 150 mm; width: 150 mm; height: 300 mm)
were prepared. Six of the blocks are without prefabricated
cracks (hereinafter referred to as intact blocks), and the other
twelve are with prefabricated cracks. The blocks were
manufactured from ordinary Portland cement PO 32.5,



medium sand (4.85mm) as fine aggregate, and crushed gravel
(32.5mm) as coarse aggregate. The mix ratio was as follows:
water: cement: coarse aggregate: fine aggregate: sand = 19: 50:
120: 55: 59. No additive was added. The cracked blocks each
had two symmetrical cracks (150 mm x 30 mm x 2 mm) on
the two symmetrical planes in the middle of its height (Figure
6).
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Figure 6. Dimension of cracked sample (mm)

The cracked blocks were manufactured in the following
steps: To save time, concrete was poured into the symmetric
wooden mold simultaneously to make concrete blocks. First,
two rabbets were opened at the top and bottom of each mold,
respectively. A thin steel sheet was then inserted through each
rabbit to create the cracks. Figure 7 shows the mold of cracked
sample. By the above-mentioned mix ratio, the mixture was
stirred evenly, put into the mold, compacted, and smoothed
over the top (Figure 8). After initial setting, the steel sheets
were removed to form the prefabricated cracks. After another
24 hours, the mold was taken away, and each block was
maintained under the standard condition for 28 days. In this
way, a cracked block was obtained (Figure 9). Next, each
cracked block was repaired and strengthened with the
structural adhesive, and cured at room temperature for 7 days
(Figure 10). Both intact and cracked blocks were maintained
for the same period, 35 (28+7) days, under standard conditions,
before subsequent tests.

Figure 8. Preparation process of cracked concrete block

Figure 10. Repaired concrete block

5.1.2 Compressive tests and discussion

The mean compressive strength of 18 test blocks were
obtained through compressive tests, and used to evaluate the
repair and strengthening effect of the adhesive on cracked
concrete. During the tests, the 6 intact blocks, 6 cracked and
unrepaired blocks, and 6 cracked blocks repaired by the
adhesive were labeled C1, C2, and C3, respectively. The test
equipment was a TYE-2000E test machine. The test procedure
is shown in Figure 11. The test results are recorded in Table 3.

Figure 11. Procedure of compressive tests

Table 3. Compressive strengths of three types of samples
(MPa)

1 2 3 4 5 6 Mean
Cl 329 285 334 325 31 305 315
C2 18.8 203 223 213 143 194 194
C3 30 259 29 28,6 286 286 28.5

The mean compressive strengths of C1, C2, and C3 were
31.5MPa, 19.4MPa, and 28.5MPa, respectively. For
convenience, these results were plotted into a histogram
(Figure 12). The compressive strength of C2 was 61.6% of that
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of C1, and that compressive strength of C3 was 90.5% of that
of C1. The comparison demonstrates that the adhesive has a
great effect on repairing cracked concrete: the bearing capacity
of cracked sample can be restored to more than 90% of the
original level of intact sample.

35

31.5 Average compression strengthMPa
30+ 285
254
20 4 19.4
154
10
54
0
c1 c2 c3

Figure 12. Histogram of mean compressive strength of C1,
C2, and C3 (MPa)

5.2 Bonding tests on reinforced concrete

Apart from bearing compressive load, concrete in building
structures is expected to reinforce the structures by combining
with rebars. The reliable bonding between rebars and concrete
underpins the safety of the whole building. In practical
engineering, most reinforced concrete structures are casted
simultaneously. Meanwhile, expansion and reinforcement
projects need to add new rebars or new concrete to the pre-
existing concrete structures. In these projects, adhesives and
other bonding materials should be applied to connect rebars
and concrete, turning them into an entirely for load bearing.
Therefore, this subsection tries to probe into the bonding effect
of the adhesive on the rebars and concrete through bonding
tests.

5.2.1 Sample preparation

Figure 13 shows the dimension of the reinforced concrete
sample for bonding tests: 250mmx150mmx150mm (length x
width x height). The size is identical to that in the previous
subsections. The sample uses No. 16 deformed rebar with the
length of 400mm. The bonding length was set to 180 mm > 10
d (d is rebar diameter) between the rebar and the concrete.

J

180 /‘ I

150

250

Figure 13. Dimension of reinforced concrete (mm)

Figure 14 presents the mold for the samples of the bonding
tests. The mold consists of a box and two brackets. To save
time, concrete was poured into the symmetric box made of
bolt-connected planks simultaneously. Two holes (diameter:
20mm) were reserved at the center of the side of the box for
penetrating rebar. The outer end of the rebar should be placed
on the bracket to avoid deviating from the center.

For comparison, a total of twelve samples were fabricated,
of which six were manufactured simultaneously in the
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following process: Firstly, a rebar was inserted via a hole of
the mold, with the other end on the brackets; Next, the
prepared concrete was poured into the box, and vibrated with
a vibrator. Finally, the mold was removed after 24 hours, and
the specimens were maintained for 28 days under the standard
condition. Figure 15 shows the reinforced concrete sample.

SARLRMRRRENY

Figure 15. Reinforced concrete sample

The other six samples were fabricated by applying the
adhesive to bond rebars and concrete. The manufacturing
process was as follows: Firstly, one end of gauze-wrapped
hollow steel pipe (diameter: 20 mm) was passed through a
reserved hole to roughen its inner surface, and increase the
bonding areas between adhesive and concrete, with the other
end on the brackets. Next, the prepared concrete was poured
into the box, and vibrated with a vibrator (Figure 16). After
initial setting, the hollow steel pipe was pulled out; the mold
was removed after 24 hours. The samples (Figure 17) were
maintained under standard conditions for 28 days. Finally, the
adhesive was injected into the reserved hole, and No.16 rebar
was inserted into the bottom of the hole while rotating. To
prevent the formation of a concave liquid surface at the hole,
the adhesive should exceed the hole by about 2mm, and cured
at room temperature for 7 days before subsequent tests (Figure
18).

Figure 16. Manufacturing process of sample with holes



Figure 18. Reinforced sample bonded with adhesive

5.2.2 Test and discussion

Each reinforced concrete sample is symmetry with only one
end of rebar. Therefore, it is impossible to adopt the universal
testing machine in the bonding tests. For this, a drawing
auxiliary device, which includes steel plate, anchor bolt, bolt,
and rebar, was designed (Figure 19). The designed device was
patented in China (No.: ZL 2014 2 0243024.5). Then, each
sample was loaded into the device, turning into a symmetrical
sample. To prevent the device from being damaged, the steel
plate was welded with the bolt, and No. 20 deformed rebar
(diameter: 20mm) thicker than the rebar in the sample was
selected.

Figure 19. Auxiliary device

The samples without adhesive and with adhesive were
labelled as WJ and J, respectively. Considering the great
impact of loading speed on the bond force between rebar and
concrete, three different constant loading speeds (0.2kN/s,
0.5kN/s, 0.8kN/s) were selected for the bonding tests. The two
kinds of samples were divided into three groups. In each group,
two samples were arranged for each constant loading speed.
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Figure 20 shows the test device and procedure. Table 4
displays the test results.

Table 4. Maximum destructive force of WJ and J at different
constant loading speeds

0.2kN/s  0.5kN/s  0.8kN/s
J-1 81.96 73.67 69
J-2 78.12 71.56 71.95
J-mean 80.04 72.615 70.475
WI-1 95.45 93.66 88.98
WIJ-2 89.47 84.89 87.92
Wl-mean  92.46 89.275 88.45
D A gz g

Figure 20. Device and procedure of bonding tests

Figure 21. Failure morphology of samples at 0.2kN/s

As shown in Table 4, under the constant loading speed of
0.2kN/s, the mean maximum destructive force of WJ was
86.57% of that of J. That ratio reached 81.34% at 0.5kN/s, and
79.68% at 0.8kN/s. The mean maximum destructive force of
both WJ and J decreased with the increase of constant loading
speed. Under the three constant loading speeds, splitting
failure occurred in concrete, and rebars were pulled out in all
samples. However, at the constant loading speed of 0.2kN/s,
the reinforced concrete samples were broken with wide cracks
(Figure 21), suggesting that the concrete breaking is the main
failure cause. At the speed of 0.5 or 0.8kN/s, the samples were
intact with narrow cracks (Figure 22), and the main damage
was the pull-out of rebars. The test results prove that the best
bonding effect of the adhesive on rebar and concrete appears
at a low constant loading speed.



Figure 22. Failure morphology of samples at 0.5kN/s and
0.8kN/s

6. CONCLUSIONS

This paper mainly investigates the effect of hydrothermal
aging on the dynamic mechanical properties of a new room
temperature-cured building structural adhesive, as well as the
application of the adhesive in concrete structure. The
hydrothermal aging conditions were simulated with a
hydrothermal aging oven. The simulated conditions are closer
to the actual service environment of the adhesive than those
achieved by water immersion method. The test results show
that the properties of the structural adhesive changed little after
aging at four different humidity levels for 30 days, a sign of
good resistance to hydrothermal aging. Moreover, the
adhesive was applied to repair and strength cracked concrete
blocks. The application results show that the compressive
strength of C2 was 61.6% of that of C1, and that compressive
strength of C3 was 90.5% of that of C1. The comparison
demonstrates that the adhesive can significantly improve the
compressive strength of concrete blocks. Furthermore,
bonding tests demonstrate that the mean maximum destructive
force of both WJ and J decreased with the increase of constant
loading speed, and the best bonding effect was achieved at a
low constant loading speed (0.2kN/s). The research
successfully explores how to characterize the hydrothermal
aging behavior of the structural adhesive, and how to apply it
to concrete structures. However, this paper only considers the
effect of moisture on the performance of the adhesive, and the
tests were only targeted at simple concrete components. The
future research will take account of many other factors worthy
of further discussion, such as light and temperature, and
consider more complicated building structures and building
materials in the actual engineering projects.
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