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Abstract: Past studies were conducted in which one to four adhesive post-installed anchors were subjected
to unidirectional temporary shear force. However, there was a lack of knowledge about sustained
performance for plural anchors subjected shear force. Therefore, experiments were conducted in which sets
of three and four adhesive post-installed anchors sustained shear loaded were applied in this study. This
paper was used the history of about 394 days of data collected. Parts of the reinforced concrete beams
were fabricated as specimens by simulating an existing skeleton structure of the 1970s in Japan, and
anchors were post-installed in those.

Major findings of this study were summarized below:

For average creep displacement, the group of three anchors had greater than that of four anchors. Since
the same sustained load was applied to specimens for the group of three and four anchors, the shear load
per one anchor bar was greater for the that of three anchors. Both the groups tended to increase the average
creep displacement when the anchor pitch was shortened. Compared with the calculation, it could be
concluded that the difference in creep displacement due to the difference in room temperature was caused
the expansion of the concrete between the anchors.
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1. Introduction

In Japan, reinforced concrete structures built before the 1970s often lacked earthquake resistance due to
insufficient strength of concrete and low performance of reinforcing bars. In that case, the structural method
of reinforcing the existing building frame with steel braces to improve earthquake resistance was often used.
For that method, many anchors were installed between the existing building and the steel brace to transmit
stress. Since the stress transmission between the existing building and the steel brace had a high ratio of
shear force, when using the post-installed anchor for seismic reinforcement, the anchor reinforcement
should be designed with shear performance. However, for post-installed anchors, structural standards in
Japan [ were determined based on tensile performance of one anchor to ensure safety. The above-
mentioned problem should be considered in terms of shear performance, but it had been limited in effective
use due to standards for tensile performance. According to past studies, there were many tensile tests about
one anchor, and there were a few shear tests about it. For the reasons mentioned above, experimentsf
were conducted on post-installed plural anchors subjected to temporary shear force in order to enhance
applicability when post-installed anchors were used for seismic reinforcement. However, there was a lack
of knowledge about sustained performance for plural anchors subjected shear force.

Therefore, experiments were conducted in which groups of three and four adhesive post-installed anchors
sustained shear loaded were applied in this study. For post-installed anchors, various factors such as anchor
tensile strength, concrete compressive strength, embedding depth, anchor pitch, and clearance distance
should be considered. As mentioned above, although there were various factors, it was necessary to narrow
down the parameters. Therefore, the embedding depth was constant, and the experiment was conducted
focusing on differences anchor pitches. As an additional note, the anchor bars were installed at a sufficient
distance from the edge of the concrete so as not to consider the edge rupture. This paper was used the
history of about 394 days of data collected. Parts of the reinforced concrete beams were fabricated as
specimens by simulating an existing skeleton structure of the 1970s in Japan, and anchors were post-
installed in those.

2. Test Program

2.1 Specimens

As shown in Photo 1, two specimens were produced. One specimen was a combination of groups of three
anchors with different anchor pitches, and the other specimen was a combination of groups of four anchors
with different anchor pitches. Taking a group of four anchors as an example, anchor bars were placed in



two rows on a simulated beam as shown in Figure 1. The concrete compressive strength was 11.66 (N/mm?2)
as of November 29, 2019. A deformed reinforcing bars with a diameter of 10 mm (Japanese Industrial
Standards: D10, SD295A) was used for the anchor bars, and the tensile yield stress was 345 (N/mm?). As
shown in Figure 1, a set of anchor pitches of 70 and 100 (mm) and a set of anchor pitches of 30 and 50
(mm) are connected using jigs and PC tendons. Properties of specimens were summarized in Table 1. The
lengths of concrete between anchors except resin thickness which were described later was also shown.

Screw jack Load cell

Anchor pitch : 10d,(100mm)

Anchor pitch : 7d,(70mm)
ol F I R L TR

R

PC tendon =
750 | Disk spring 750

2254
Anchor pitch : 5d,(50mm) Simulated beams Anchor pitch : 3d,(30mm)

Figure 1. Schematic for specimen (group of four anchors).

(a) Overall view of specimen and measurement (b) Enlarged view of screw jack and load cell.
Photo 1. Test setup.
Table 1. Properties of specimens.

Anchor bar
Deformed bar | Diameter | Japanese industrial standards Yield strength Tensile strength
10(mm) SD295A 345(N/mm?) 480(N/mm?)
Embedding depth of anchor Anchor pitch type
7d,(70mm) 3da(30mm), 5da(50mm), 7da(70mm), 10da(100mm)
Parts of the reinforced concrete beams
Deformed bar | Diameter | Top and bottom longitudinal bars Yield strength Tensile strength
22(mm) 2-D22 (SD345) 373(N/mm?) 503(N/mm?)
Beam stirrup Concrete compressive strength
2-D10(SD295A)@150 11.66(N/mm?)

Total length of concrete between anchors by anchor pitch type (unit: mm)

Group of three anchors 34(3d,), 74(5d,), 114(7d,), 174(10d,)

Group of four anchors 51(3dy), 111(5d,), 171(7d,), 261(10d,)




2.2  Loading Method and Instrumentation

For the method of subjected shear force to the anchor row, a sustained load was applied by extending the
screw jack in the center of the specimen as shown in Figure 1. Disc springs were installed between the
specimen and the jack for stability of the sustained load. The load ratio of one PC tendon was calculated
from the output of the strain gauge attached to each of the four PC tendons. The output of the load cell
installed in the center of the specimen was multiplied by the load ratio, and the resulting value was taken as
the shear force applied to one anchor row. A displacement was installed on the insert embedded in the
concrete part, and the amount of displacement at the end of the jig was taken as the shear displacement.

3. Pre-test Results

Confirmation experiment with a temporary load was carried out before main experiments with a sustained
load. This experiment was performed with group of four anchors using the same material as the long-term
experiment.

3.1 Failure Mode by Temporary Load

Because of the low concrete strength that was often used in the 1970s, it eventually resulted in concrete
failure, as shown in Photo 2. As a result of this experiment, it was confirmed that accurate measurement
was possible even in long-term experiments. Maximum shear load was 191(kN) for this experiment with a
temporary load. As sustained loads, initial loads of 45 and 46(kN) were introduced to groups of three and
four anchors, respectively. In other words, 24(%) of the maximum load was introduced as the sustained
loads.

(a) Overall view of pre-test results (b) Enlarged view of concrete failure,
Photo 2. Destruction of confirmation test.
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Figure 2. Sustained load and room temperature — number of days relation.



4. Test Results

4.1 History of Sustained Load and Temperature

The history of sustained load and room temperature for 394 days from November 5, 2019 to December 3,
2020 was shown in Figure 2. In Figure 2, the histories of groups of three and four anchors for sustained
load were shown by the solid and dashed lines respectively. The temperature (right vertical axis) - the
number of days relation was shown by the dotted line. In both specimens, a tendency was found that the
sustained load was gradually decreasing. The main cause was thought to be the extension of creep
deformation, which was discussed below. However, it could be found that the total sustained load was not
significantly affected by room temperature fluctuations. Comparing the measurement start and 394 days
later, the groups of three and four anchors specimens showed a load reduction of 17(%) and 13(%)
respectively. The load did not add because of measuring the continuous progress.

4.2 History of Creep displacement

Figure 3. — (a) to (d) were shown creep displacement — number of days relations. In Figure 3, the histories
of groups of three and four anchors for creep displacement (left vertical axis) were shown by the solid and
dashed lines respectively. The room temperature (right vertical axis) - the number of days relation was
shown by the dotted line. The creep displacement was the value obtained by subtracting the shear
displacement at the time of the initial load from that of the elapsed period. In Figure 3-(a), the shear
displacement tended to extend when the room temperature was low, and the shear displacement tended to
shrink for the anchor pitch 10d, (100mm) when the room temperature was high. Average creep displacement
through 394 days was 0.065 and 0.054(mm) for groups of three and four anchors, respectively.
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Figure 3-(a) History of Creep displacement for anchor pitch 100 (mm).

In Figure 3-(b), histories for the anchor pitch of 7d,(70mm) showed a similar tendency to that of 10d,,
although the effect of room temperature was less than that of 10d,. In particular, the shear displacement did
not shrink much when the room temperature was high in summer. Average creep displacement through 394
days was 0.067 and 0.063(mm) for groups of three and four anchors, respectively.
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Figure 3-(b) History of Creep displacement for anchor pitch 70 (mm).

In Figure 3-(c), histories for the anchor pitch of 5d,(50mm) showed a similar tendency to that of 10d, when
the room temperature was low in winter. The shear displacement slightly extended rather than shrank when
the room temperature was high in summer. Average creep displacement through 394 days was 0.083 and
0.079(mm) for groups of three and four anchors, respectively.
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Figure 3-(c) History of Creep displacement for anchor pitch 50 (mm).

In Figure 3-(d), hysteresis characteristics for the group of three and four anchors were different. They were
therefore discussed separately. History for the group of four anchors pitch of 3d,(30mm) showed a similar
tendency to that of 5d,. However, the hysteresis characteristic for group of the three anchors showed
diametrically opposite one. This historical data was considered a possible failure of the measuring or test
method by inference from previous history. Therefore, the average creep displacement for the group of the
three anchors of 3d, were described as tentative values from following below. Average creep displacement
through 394 days was 0.091 and 0.087(mm) for groups of three and four anchors, respectively.
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Figure 3-(d) History of Creep displacement for anchor pitch 30 (mm).

4.3 Average creep displacement

In Figure 4, the average creep displacement — anchor pitch relation through 394 days was summarized
according to the previous section. In the figure, the group of three anchors were shown by solid circles, that
of four anchors were shown by solid squares, and only anchor pitch of 3d, for the group of three anchors
was shown by outline triangles. For an average creep displacement, the group of three anchors had greater
than that of four anchors within all anchor pitches. The reason for this was obvious, since the same sustained
load was applied to specimens for the group of three and four anchors, the shear load per one anchor bar
was greater for the that of three anchors. Both the groups of three and four anchors tended to increase the
average creep displacement when the anchor pitch was shortened. In the winter when the room temperature
was low, all groups showed similar creep displacement. In the summer when the room temperature was
high, the creep displacement of 10d, and 7d, with long anchor pitches shrank, on the other hand the creep
displacement of 5d, and 3d, with short anchor pitches did not shrink well. As a result, the average creep
displacement was large in the groups with anchor pitches of 5d, and 3d,. To investigate the cause of the
difference in creep displacement due to the difference in anchor pitch, measured displacement difference
was compared with calculation of concrete expansion in the next section.
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Figure 4. Average creep displacement - anchor pitches relation.



4.4 Calculation of concrete expansion and measured displacement difference

In Figure 3-(a) and (b), the creep displacement of the specimens with a long anchor pitch were reduced in
summer when the room temperature was high. On the other hand, the specimens with a short anchor pitch
did not reduce the creep displacement compared to the specimens with a long one. This was considered to
the thermal expansion of the concrete between the anchors. Therefore, the following discussion was
conducted. In Figure 5, the difference between the creep displacement at the lowest room temperature of
9.5(°C) and the creep displacement at the highest room temperature of 34(°C) for 394 days was plotted as
the measured displacement difference. On the other hand, using the coefficient of linear expansion for
concrete, the length of concrete between anchors, and the difference in room temperature, the expansion
displacement of concrete is obtained as a calculation, which is expressed as follows;

AL=a-L-AT (1)
where AL : calculation of expansion displacement for concrete, @ : the coefficient of linear expansion for
concrete as using 1.0*10-5(1/°C)l reference 11 L - |ength of concrete between anchors except resin thickness
(reference in Figure 6), AT : the difference between maximum and minimum room temperature.

In the figure, measured displacement differences for group of three anchors were shown by solid diamonds,
and calculations for that were shown by outline diamonds. And measured displacement differences for
group of four anchors were shown by solid circles, and calculations for that were shown by outline circles.
For the reasons mentioned above, the values for anchor pitch of 30(mm) about group of three anchors were
not plotted. For group of three anchors, when the anchor pitch was 70(mm), the measured displacement
difference and the calculation were close to each other. However, when the anchor pitch was 50 mm, the
calculation was larger than the measured displacement difference, and when the anchor pitch was 100(mm),
the calculation was very smaller than the measured displacement difference. On the other hand, the
calculations were larger than the measured displacement differences at all anchor pitches for group of four
anchors. At the anchor pitch of 50(mm), the calculation and the measured displacement difference were far
apart, but at other anchor pitches, the calculations and the measured displacement differences were very
close. From this, it could be concluded that the difference in creep displacement due to the difference in
room temperature was caused the expansion of the concrete between the anchors. In Table 2, the data of
the average creep displacement, measured displacement difference, and calculation were summarized for
each anchor pitch.

5. Conclusions
The following conclusions can be drawn from the present study:

(1) In 394 days, sustained shear loads for the groups of three and four anchors were showed load
reductions of 17(%) and 13(%) respectively. This reduction was not considered to be due to the room
temperature difference.

(2) For an average creep displacement, the group of three anchors had greater than that of four anchors
within all anchor pitches. Since the same sustained load was applied to specimens for the group of
three and four anchors, the shear load per one anchor bar was greater for the that of three anchors.
Both the groups of three and four anchors tended to increase the average creep displacement when
the anchor pitch was shortened.

(3) Compared with the calculation, it could be concluded that the difference in creep displacement due to
the difference in room temperature was caused the expansion of the concrete between the anchors.

Long-term experiments with a sustained shear load of 24(%) of the maximum strength were conducted in
this study. Those are planned to increase the load to 50(%) of the maximum strength in the future.



6.

Displacement (mm)

0.08

—e— Measured displacement difference for group

0.07 of three anchors
Caiculation for group of three anchors

0.06 —@— Measured displacement difference for group
of four anchors

0.05 Calculation for group of four anchors

0.04

0.03

30 40 50 60 70 80 90 100
Anchor pitch (mm)

Figure 5. Calculation and measured displacement - anchor pitches relation.
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Figure 6. Example for length of concrete between anchors except resin thickness.

Table 2. Summary of experimental data and calculation.

Anchor Average creep Measured displacement Calculation of concrete
pitch displacement difference expansion
Unit: mm 3 anchors : 4 anchors 3 anchors : 4 anchors 3 anchors 4 anchors
30 (3da) (0.091) : 0.087 - : 0.010 0.008 0.012
50 (5da) 0.083 : 0.079 0.005 : 0.010 0.018 0.027
70 (7da) 0.067 : 0.063 0.020 : 0.038 0.028 0.042
100 (10d,) 0.065 : 0.054 0.068 : 0.060 0.043 0.064
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