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ABSTRACT

ARTICLE INFO

Tiirkiye lies across multiple tectonic plates, resulting in numerous active fault lines
that generate destructive earthquakes. Given the vulnerability of the existing build-
ing stock, effective retrofitting is critical. In line with the Tiirkiye Earthquake Code
(TEC 2018) for C25, minimum reinforcement diameters for adhesive-anchored bars
were reduced to 16 mm. However, because many existing buildings in Tirkiye ex-
hibit low concrete strengths (<10 MPa), this study comprehensively investigates the
tensile performance of post-installed adhesive anchors under weak concrete condi-
tions. Monotonic pull-out tests were conducted on 192 specimens utilizing four rein-
forcement diameters (@8, 310, 312, 314) and four embedment depths (84, 109, 129,
14@) in concrete blocks with four compressive strengths (f) of 4.51, 5.35, 7.77, and
10.45 MPa. The results show that increasing the embedment ratio from 89 to 140
substantially enhances tensile capacity—by up to 95% for #8 bars at 4.51 MPa. More-
over, a multiple linear regression model calibrated using the dataset demonstrated a
high coefficient of determination (R2 = 0.91), confirming that anchorage performance
is primarily governed by geometric parameters rather than material strength. Nota-
bly, adequate bond performance is severely limited below 10 MPa, often making fail-
ure modes bond-controlled. Based on these findings, it is recommended to evaluate
anchorage design on a project-specific basis and avoid standard strengthening inter-
ventions in structures with concrete strengths below 10 MPa. In addition, it has been
observed that under low concrete strength conditions, the anchor diameter must be
reduced to ensure that the expected ductile failure mode via steel bar yielding can be
achieved.
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1. Introduction

Tirkiye is located in one of the world’s most seismi-
cally active regions, intersected by major fault systems
that expose a substantial portion of the country to signif-
icant seismic risk. Catastrophic earthquakes in Erzincan,
Golciik, Van, and most recently Kahramanmaras have re-
peatedly demonstrated the severe consequences of this
exposure, highlighting the urgent necessity for system-
atic assessment and retrofitting of the existing building

stock. Seismic vulnerability assessment methodologies
provide an effective framework for quantifying the ex-
pected damage and seismic risk of existing reinforced
concrete buildings by considering structural character-
istics that influence their earthquake response (Kassem
et al. 2022a, 2022b). A critical vulnerability in much of
the existing building stock, particularly in structures
constructed prior to the implementation of modern seis-
mic design codes, is the widespread use of substandard
materials. Post-earthquake reconnaissance studies con-

* Corresponding author. E-mail address: odacioglu@kku.edu.tr (0. G. Odacioglu)

ISSN: 2149-8024 / DOI: https://doi.org/10.20528/cjsmec.2026.1146


mailto:odacioglu@kku.edu.tr
https://doi.org/10.20528/cjsmec.2026.1146
https://cjsmec.challengejournal.com/
https://orcid.org/0000-0002-4942-1725
https://orcid.org/0000-0001-6265-3865
https://orcid.org/0000-0002-6838-1183
https://creativecommons.org/licenses/by/4.0/

Dogan et al. / Challenge Journal of Structural Mechanics (2026) 12(3) 216-224 217

sistently reveal that reinforced concrete structures in
Tiirkiye frequently exhibit low compressive strength, of-
ten ranging between 10 to 15 MPa and, in some cases,
falling as low as 5 MPa due to poor construction practices
and construction defects (Kaltakei et al. 2010; Kaplan et
al. 2004; Odacioglu et al. 2022; Yurdakul et al. 2021).

Post-earthquake observations following the 2023
Kahramanmaras earthquakes revealed out-of-plane
overturning of reinforced concrete shear walls in some
previously retrofitted buildings (Dogan and Karadagh
2024), as shown in Fig. 1. These observations indicate
that post-installed connections anchored into weak ex-
isting concrete may exhibit brittle, non-ductile failure.
Although TEC (2018) specifies the use of reinforcing
bars with a diameter of at least 16 mm for such anchor-
age applications, smaller-diameter reinforcing bars may
enable a more distributed force-transfer mechanism
(Caliskan et al. 2013; Odacioglu et al. 2022) and reduce
the likelihood of brittle concrete-related failure. There-
fore, their potential to provide a more ductile connection
response requires further investigation.

Fig. 1. Out-of-plane overturning and separation of an
added reinforced concrete shear wall from the existing
structure due to anchorage failure following the 2023
Kahramanmaras earthquakes (Dogan and Karadagli 2024).

Post-installed adhesive anchors, such as epoxy-based
systems, are widely employed to connect newly added
structural elements to existing reinforced concrete
members. Typical applications include the connection of
externally added reinforced concrete shear walls, col-
umn jackets, foundation extensions, and other strength-
ening components to the existing structural system
(Arslan 2016; Cihan et al. 2023; Kaltakg¢1 et al. 2010;
Maziligiiney 2007). The effectiveness of these strength-
ening interventions depends considerably on the ability
of the post-installed adhesive anchors to transfer tensile
and shear forces safely into the existing concrete.

The strengthening provisions of the Tiirkiye Earth-
quake Code (TEC 2018) specify geometric and detailing
requirements for post-installed adhesive anchors used
in existing reinforced concrete structures. However,
many existing buildings in Tiirkiye contain concrete with
compressive strengths considerably lower than those
typically considered in anchor qualification procedures
and conventional design models. Most current design
provisions, including those published by the American
Concrete Institute, have predominantly been calibrated
using experimental data obtained from normal- and
high-strength concrete (ACI 318 2014; ACI 355.4 2019).
Consequently, the applicability of these provisions to an-
chors installed in concrete with compressive strengths
close to or below 10 MPa remains uncertain.

The tensile resistance of post-installed adhesive an-
chors is governed by a load-transfer mechanism involv-
ing the steel bar, the adhesive layer, and the surrounding
concrete. Tensile forces are transferred from the rein-
forcing bar to the adhesive and subsequently from the
adhesive to the concrete through a combination of chem-
ical adhesion, mechanical interlocking, and friction
(Cook 1993; Gonzalez et al. 2018; Krishnaveni and Ra-
jendran 2024). The resulting anchorage performance
depends on several geometric, material, and installation-
related parameters, including concrete compressive
strength, bar diameter, embedment depth, edge dis-
tance, spacing, confinement, hole-cleaning quality, and
adhesive properties.

Under monotonic tensile loading, post-installed adhe-
sive anchors may exhibit steel failure, concrete cone fail-
ure, bond or pull-out failure, combined concrete cone-
bond failure (Cook 1993; Mahrenholtz et al. 2015). Shal-
low embedment depths commonly promote concrete
breakout, whereas longer embedment depths may in-
crease the contribution of bond resistance and shift the
governing mechanism toward combined failure or steel
failure. In low-strength concrete, brittle splitting and
concrete-controlled failures may become more critical
because the radial stresses generated around the rein-
forcement ribs can exceed the limited tensile resistance
of the surrounding concrete (Akgiil etal. 2022; Boonmee
and Rodsin 2019). Edge distance and concrete cover also
substantially influence these failure mechanisms (Ding
etal. 2022).

Concrete compressive strength is one of the primary
material parameters influencing bonded anchorage per-
formance. Previous experimental studies have generally
shown that bond strength and ultimate tensile re-
sistance increase with concrete compressive strength,
although the degree of improvement depends on the
governing failure mechanism (Ahmed et al. 2021). In
concretes with compressive strengths below approxi-
mately 15 MPa, brittle concrete breakout and bond-con-
trolled failures may govern the response before the ten-
sile capacity of the reinforcing bar is fully developed (Ah-
med et al. 2021). Increasing the embedment depth and
providing sufficient confinement may improve anchor-
age resistance; however, the effectiveness of these
measures depends on the concrete properties, anchor
geometry, and test configuration (Arslan 2016; Yilmaz et
al.2013)
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Anchor diameter also plays an important role in de-
termining both ultimate tensile capacity and failure
mode. Larger-diameter bars generally provide a greater
bonded surface area and therefore a higher total pull-out
resistance. However, increasing the diameter may also
generate greater radial stresses and more pronounced
local stress concentrations within the surrounding con-
crete. These effects may increase the likelihood of brittle
concrete breakout or splitting, particularly in low-
strength concrete (Arslan 2016; Caliskan et al. 2013).
Therefore, an increase in anchor diameter does not nec-
essarily produce a proportional improvement in anchor-
age efficiency in the low-strength concrete (Caliskan and
Aras 2017).

This study aims to identify suitable anchorage param-
eters for strengthening existing buildings in Tiirkiye,
particularly those with insufficient concrete strength.
Considering the low-quality concrete commonly ob-
served in the national building stock, four different con-
crete strength classes were produced by varying cement
and water ratios to represent weak concrete conditions.
For each concrete strength level, four different anchor
embedment depths and four different anchor diameters
were employed. The type of adhesive system was kept
constant, and adequate edge distances and spacing were
ensured in accordance with previous studies. For each
combination of concrete strength, anchor diameter, and
embedment depth, three identical anchors were in-
stalled to ensure statistical reliability. In total, 192 post-
installed adhesive anchors were subjected to pull-out
tests. This experimental program enables a comprehen-
sive evaluation of anchorage performance under varying
concrete strength, anchor diameter, and embedment
depth, and provides essential data for establishing suita-
ble anchorage parameters for the seismic retrofitting of
deficient reinforced concrete buildings.

2. Experimental Program

The experimental program was systematically de-
signed to investigate the multi-parametric interactions
governing the ultimate tensile resistance and associated
failure mechanisms of post-installed adhesive anchors. To
accurately replicate the structural deficiencies and con-
crete compressive strength classes of 10.45 MPa or lower
prevalent in the existing building stock, a comprehensive
testing matrix was established. This methodology isolates
and evaluates three critical design variables: the base con-
crete substrate strength, the effective anchor diameter,
and the structural embedment depth. By rigorously con-
trolling these geometric and material parameters across
192 test specimens, the investigation aims to delineate the
operational boundary conditions and performance
thresholds of bonded anchoring systems under mono-
tonic tensile loading, thereby providing an empirical foun-
dation for optimized seismic retrofitting designs.

2.1. Materials

In this context, concrete blocks with four different
strength levels were cast by varying the amount of ce-
ment and water to represent buildings with low concrete
strength considering the existing building stock. The mix
proportions and compressive strengths of low-strength
concretes are given in Table 1. It should be noted that the
relatively high w/c ratios used in this study do not rep-
resent standard structural concrete mixtures. They were
intentionally selected to obtain low compressive
strength levels and to simulate poor-quality concrete
conditions observed in deficient existing reinforced con-
crete buildings. No curing was applied to the concrete
blocks or to the cube specimens taken for measuring
compressive strength, as intended, in order to represent
low-strength buildings and actual construction practice.

Table 1. Concrete mix proportions and compressive strengths.

1. Specimen 2. Specimen 3. Specimen 4. Specimen
Sand (0.00-4.00 mm) - kg 560.03 531.75 520.60 510.75
Gravel (4.00-11.20mm) - kg 560.03 531.75 520.60 510.75
Cement (CEM II 32.5) - kg 190.00 300.00 345.00 375.00
Water - kg 275.04 274.10 273.81 272.32
w/C 1.45 0.91 0.79 0.73
Average concrete compressive strengths (f: - Mpa) 4.51 5.35 7.77 10.45

The Fischer FIS EM Plus 390 S is a high-performance
pure epoxy resin anchoring system developed for de-
manding structural applications. The material has a den-
sity in the range of 1.4-1.6 g/cm® and a compressive
strength of at least 80 MPa. It also exhibits a tensile ad-
hesion strength of at least 20 MPa, while maintaining a
bond strength greater than 11 MPa after 20 days, indi-
cating reliable long-term anchorage performance under
heavy-duty loading conditions. In addition, the resin ex-
hibits an elongation at break of 1.1% and a curing
shrinkage, defined as the volumetric shrinkage occur-

ring during the hardening of the epoxy resin, of less
than 0.01% according to ASTM D2566. These proper-
ties indicate excellent dimensional stability and effec-
tive contact within the drilled hole, making FIS EM Plus
390 S suitable for critical structural and seismic-re-
sistant applications.

B420C steel was selected as the anchorage element,
and 48 reinforcing bars with diameters of 8, 10, 12, and
14 mm and a length of 70 cm were prepared. The aver-
age yield strengths of the bars, according to their diame-
ters, were found to be 536.30 MPa, 496.42 MPa, 477.16
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MPa, and 466.78 MPa, while the average tensile
strengths were determined as 656.25 MPa, 600.12 MPa,
558.46 MPa, and 543.36 MPa, respectively. To prevent
concrete cracking, Q131/131 welded wire mesh rein-
forcement was used, consisting of 5 mm diameter bars
spaced at 15x15 c¢m, with an average yield strength of
516.67 MPa and an average tensile strength of 633.67
MPa.

2.2. Test specimens

For each concrete mix, reinforced concrete blocks
with dimensions of 75 cm x 195 cm x 25 cm were pro-
duced by placing Q131/131 welded wire mesh with a
concrete cover of 4 cm from the top surface. In order to
simulate low-performance buildings and common con-

struction practice, no curing conditions were applied to
either the concrete blocks prepared for compressive
strength testing. After 28 days, when the concrete was
assumed to have completed hydration and reached its
compressive strength, drilling of the anchor holes was
initiated, maintaining a center-to-center spacing of 15
cm. The holes were drilled perpendicular (90°) to the
concrete surface with a diameter 4 mm larger than the
anchor bar and to embedment depths corresponding to
8,10, 12, and 14 times the respective anchor diameters,
as shown in Fig. 2. Subsequently, the holes were cleaned
using an air compressor to ensure that no dust or debris
remained inside. The chemical adhesive was then in-
jected into the holes to eliminate any voids between the
ribbed anchor bar and the concrete, after which the in-
stallation of the anchors was completed.

Fig. 2. Three-dimensional drawing of the experimental specimens.

2.3. Pull-out test

The pull-out tests were performed under manually
controlled, monotonically increasing tensile loading un-
til failure. The tensile force was applied through a hy-
draulic cylinder and transferred to the anchor bar by
means of a conical pulling head positioned concentri-
cally with the bar axis, as shown in Figs. 3(a-c). The re-
action force of the hydraulic cylinder was taken from the
concrete block surface around the anchor location. It
should be noted that the reaction force of the hydraulic
cylinder was transferred to the concrete surface around
the anchor location. This contact may have generated a
local compression zone beneath the hydraulic jack, pro-
ducing a confinement effect around the anchor. Such
confinement may influence the failure mechanism and
may partially restrict the formation of a concrete cone
failure. Therefore, the results should be interpreted as
ultimate pull-out capacities obtained under the adopted
test configuration. Since the same test setup was used for
all specimens, the comparative evaluation of anchor di-
ameter, embedment ratio, and concrete compressive
strength remains consistent. Care was taken to align the
loading axis with the longitudinal axis of the reinforcing
bar in order to minimize eccentric loading effects. During
the tests, the applied load was monitored using the ma-
nometer connected to the hydraulic system, and the
maximum tensile force reached before failure was rec-

orded for each specimen. The pull-out tests were initi-
ated 24 hours after anchor installation to allow the
chemical adhesive to cure and develop sufficient
strength. Since the primary aim of the experimental pro-
gram was to determine the ultimate pull-out capacity,
continuous displacement or slip measurements were not
performed. This limitation was considered in the inter-
pretation of the results, and the discussion was re-
stricted to ultimate tensile capacity and observed failure
modes.

3. Experimental Results and Evaluation

The experimental dataset presented in Table 2 ena-
bles a detailed quantitative assessment of the average
tensile performance of post-installed adhesive anchors
in low-strength concrete. To improve the interpretation
of the triplicate tests, Fig. 4 presents the mean pull-out
loads as a histogram, together with the corresponding
minimum and maximum ranges. It should be noted that
Fig. 4 includes only the specimens in which failure oc-
curred as concrete breakout together with the adhesive
anchor; specimens exhibiting steel anchor failure were
excluded from the plotted mean values. A clear trend is
observed across the test configurations, indicating that
the pull-out capacity is influenced by embedment ratio,
concrete compressive strength, and anchor diameter.
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Fig. 3. Pull-out test: (a) Modeling; (b) Hydraulic cylinder setup; (c) Experimental setup.

In the test groups shown with a dark gray background
in Table 2, failure occurred directly in the anchor ele-
ments rather than as concrete breakout or pull-out to-
gether with the adhesive anchor. Anchor failure became
more pronounced particularly in the test groups with in-
creased embedment depth and higher concrete com-
pressive strength. This indicates that, as the embedment
depth increases, the bond performance between the ad-
hesive anchor and concrete, as well as the load-bearing
capacity of the concrete, improves; consequently, the
failure mechanism becomes governed by the tensile ca-
pacity of the anchor rod rather than by the concrete or
bond interface.

In addition, for the @14 specimen with a concrete
compressive strength of 7.77 MPa, failure occurred in
the anchor due to mechanical interlocking with the
welded wire mesh reinforcement. The numbers shown
inside the circles indicate the number of failed anchors
in the corresponding test group. Accordingly, while only
one anchor failed in some specimens, the failure of mul-
tiple anchors in others demonstrates that, under these

parameters, failure of the anchor element became the
governing failure mechanism.

For the @8, 310, @12, and @14 reinforcing bars, the
interaction plots showing the relationship between ten-
sile force, embedment depth, and concrete compressive
strength are presented in Figs. 5-8. A parametric evalu-
ation of embedment depth reveals that increasing the
embedment ratio from 8@ to 140 results in a substantial
increase in tensile capacity. For instance, for @8 anchors
in concrete with a compressive strength of 4.51 MPa, the
pull-out capacity increases from 13.65 kN to 26.65 kN,
corresponding to an increase of approximately 95%.
Similarly, for @14 anchors at 10.45 MPa, the capacity in-
creases from 56.90 kN to 87.38 kN, representing a gain
of about 53.6%. These results indicate that while embed-
ment depth is the dominant parameter influencing ten-
sile resistance, its relative effectiveness decreases as
both concrete strength and anchor diameter increase.
This behavior suggests a nonlinear relationship between
embedment depth and pull-out capacity, consistent with
bond stress redistribution along the anchorage length.

100 T
Bar diameter
BN ¢ I3 010 BN g2 [ Jl4
80
g
= 60
T°
o
o
=
3
= 40
=)
o
204
0 e
80 1008 120 149
. = 4.51 MPa - =5.35 MPa

140 80 100 120 140

e =7.77 MPa

. = 10.45 MPa

Fig. 4. Mean pull-out loads are presented for different bar diameters and embedment ratios,
with error bars showing the minimum and maximum test results.
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Table 2. Pull-out test tensile force data obtained for different anchor diameters
and embedment depths in low-strength concrete.

Anchor Embedment Depths (Lq)

Anchor Diameters  Strength Concrete (f.) 80 100 120 140
(mm) (MPa) (kN) (kN) (kN) (kN)
4.51 13.65 19.88 23.63 26.65
5.35 16.62 20.87 25.13 28.63
a8
7.77 17.45 24.68 28.57 34.18
10.45 20.62 25.83 [24.70]1 N/A [30.60]3 35.20 [36.23]
4.51 18.68 25.00 32.78 37.97
5.35 2417 30.17 34.73 40.10
710
7.77 2490 32.13 36.97 42.75
10.45 28.52 31.10 [40.00]t 40.68 [45.00]! 43.10 [50.15]¢
4.51 21.93 31.08 44.52 46.33
5.35 32.28 42.17 51.08 55.43
@12
7.77 32.23 49.08 55.22 59.85
10.45 43.07 50.98 57.82 66.90 [66.65]2
4.51 28.05 41.48 52.97 61.25
5.35 36.3 49.13 61.18 70.82
@14
7.77 43.10 61.95 65.36 [70.40]* 74.08
10.45 56.90 74.15 83.87 88.33 [85.50]*

Note 1: N/A indicates that no concrete-controlled mean value was available because all three specimens exhibited anchor failure.
Note 2: The cells with square brackets indicate test groups in which anchor failure occurred. The values in square brackets represent the average
tensile force of the specimens that failed in the anchor itself, and the superscript numbers indicate the number of specimens with anchor failure.
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Fig. 5. Interaction diagram of pull-out capacity as a function of embedment depth
and concrete compressive strength for the @8 anchor bar.
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The influence of concrete compressive strength is also
evident across all anchor diameters and embedment
depths, as shown in Figs. 5-8. It should be noted that
these interaction diagrams include only the specimens in
which failure occurred as concrete breakout together
with the adhesive anchor; specimens exhibiting anchor
failure were excluded from the plotted values. Therefore,
the values presented in these figures represent the mean
pull-out capacities associated with concrete-controlled
failure. For example, for @10 anchors at an embedment
depth of 12, the pull-out capacity increases from 32.78
kN at 4.51 MPa to 40.68 kN at 10.45 MPa, corresponding
to an increase of approximately 24%. This trend con-
firms that higher concrete strength enhances the bond
performance by improving the mechanical interlock and
confinement provided by the surrounding matrix. How-
ever, the rate of increase in pull-out capacity with re-
spect to compressive strength is generally less pro-
nounced than the increase associated with embedment
depth and anchor diameter, indicating that bond surface
area, governed by both the anchor diameter and embed-
ment depth, plays a critical role in low-strength concrete
conditions.

The effect of anchor diameter is similarly significant
but exhibits a more complex behavior. At a constant con-
crete strength of 4.51 MPa and embedment depth of 109,
increasing the diameter from @8 to #14 results in an in-
crease in pull-out capacity from 19.88 kN to 41.48 kN,
corresponding to more than a twofold increase. This in-
dicates that larger anchor diameters provide a greater
bonded surface area and thus improve the load-carrying
capacity. However, this increase may also be accompa-
nied by higher radial stresses in the surrounding con-
crete, particularly in weak substrates. This observation
highlights that while larger diameters enhance load ca-
pacity, the failure mechanism and reliability of anchor-
age performance should also be carefully considered in
low-strength concrete.

An important aspect of the experimental findings is
the observed transition in failure modes. In the speci-
mens, failure occurred in the form of bond failure or con-
crete breakout, indicating that the adhesive-concrete in-
terface governs the behavior. However, in selected speci-
mens—particularly those with higher concrete strength
(10.45 MPa), larger diameters, and deeper embedment
(212@)—failure occurred in the anchor itself. This transi-
tion from bond-controlled to steel-controlled failure rep-
resents a critical threshold in anchorage performance, in-
dicating that the full tensile capacity of the reinforcement
can be mobilized under favorable conditions.

From a comparative perspective, the data suggest that
embedment depth is the most effective parameter for
improving anchorage performance, followed by anchor
diameter and concrete compressive strength. However,
the relative contribution of each parameter varies de-
pending on the specific configuration. In ultra-low-
strength concrete (f: < 5 MPa), bond failure dominates
regardless of diameter, emphasizing the limited effec-
tiveness of increasing anchor size under such conditions.
In contrast, for higher strength levels, the combined ef-
fect of increased embedment depth and diameter can
shift the governing failure mode toward a more ductile
response.

These findings have direct implications for engineer-
ing practice. The results indicate that in low-strength
concrete, increasing embedment depth is a more reliable
strategy than increasing anchor diameter, as it enhances
bond performance without significantly increasing
stress concentrations. Moreover, the observed failure
mode transitions suggest that achieving steel failure
should be considered a desirable design objective, as it
ensures ductile behavior and more predictable perfor-
mance.

Overall, the experimental results demonstrate that
anchorage design in low-strength concrete requires a
careful balance between geometric parameters and ma-
terial properties. The conventional design assumptions
embedded in current standards may not adequately cap-
ture this behavior, particularly in the low-strength re-
gime investigated in this study. Therefore, the develop-
ment of modified design approaches that explicitly ac-
count for these effects is essential for ensuring safe and
reliable anchorage performance in existing structures.

A multiple linear regression analysis was performed
to evaluate the combined effects of anchor diameter, em-
bedment ratio, and concrete compressive strength on
the ultimate pull-out capacity, as given in Eq. (1). The de-
pendent variable was the mean concrete-controlled pull-
out capacity (B,) in kN. The independent variables were
anchor diameter (@) in mm, embedment ratio ({;), and
concrete compressive strength (f;) in MPa. Here, [; rep-
resents the embedment ratios of 84, 100, 120, and 140
used in the experimental program. The regression model
was calibrated using 63 concrete-controlled mean val-
ues. The configuration in which all three specimens ex-
hibited steel anchor failure was excluded because no
concrete-controlled mean value was available.

F = 5.850 + 3.681, + 2.46f, — 81.38 (1)

The model provided a coefficient of determination of
R?2=0.9123 and an adjusted R2?=0.9078, indicating a
strong correlation between the predicted and experi-
mental pull-out capacities. The standard error of the es-
timate was 5.32 kN. ANOVA results showed that the re-
gression model was statistically significant, with
F=204.60 and p=3.90x10-31. The p-values of all regres-
sion coefficients were less than 0.05, indicating that an-
chor diameter, embedment ratio, and concrete compres-
sive strength had statistically significant effects on the
ultimate pull-out capacity. The 95% confidence intervals
of the regression coefficients were also evaluated and
confirmed the statistical reliability of the proposed
model within the investigated parameter range.

4. Conclusions

In this study, considering the characteristics of the ex-
isting building stock, pull-out tests were conducted on
192 post-installed adhesive anchors embedded in rein-
forced concrete blocks with low compressive strengths
of 4.51 MPa, 5.35 MPa, 7.77 MPa, and 10.45 MPa. Anchor
bars with diameters of 8, 10, 12, and 14 mm were em-
bedded at depths corresponding to 8, 10, 12, and 14
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times the respective anchor diameters. Based on the re-

sults of these experiments:

e [t was observed that the embedment depth of the an-
chor significantly influences the pull-out capacity. As
the embedment depth increases, the tensile pull-out
resistance of the anchor correspondingly increases.

¢ Considering the observed failure modes, it was deter-
mined that adequate bond between the reinforce-
ment bar and the concrete was not achieved in struc-
tures with a compressive strength below 10 MPa.
Therefore, it is recommended that no strengthening
interventions be carried out on buildings with con-
crete compressive strengths lower than 10 MPa.

¢ [t should be emphasized that the use of large-diame-
ter anchors can generate significant stress concentra-
tions within low-strength concrete, potentially result-
ing in pull-out or crushing-type failure mechanisms.
However, Section 15 of TEC (2018), 'Special Rules for
the Assessment and Strengthening Design of Existing
Building Systems Under Seismic Effects', recom-
mends a single anchor diameter of @16 without con-
sidering the concrete strength of the building to be
strengthened. Furthermore, it states that reinforced
concrete buildings with concrete strength below a
certain value should not be strengthened due to insuf-
ficient anchor performance. Consequently, the diame-
ter of post-installed adhesive anchors should be care-
fully selected as a function of the concrete compres-
sive strength to ensure reliable anchorage perfor-
mance and to prevent premature local failures.
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