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The middle tie beam refers to a reinforced concrete beam located at mid height of the
wall. The 1997 special standard for construction and design of housing in El Salvador
mentioned this element alongside dimensions and reinforcement requirements. Due to a
lack of further specifications, this element became a common practice in confined
masonry constructions. However, in a revision made to the special standard, the mention
of this element was removed. Furthermore, the study by Hasbun et al. stated that this
was done without any background investigation. As such, the main objective of the first
part of this study is to analyze the effect a middle tie beam has on the in-plane strength
of confined masonry walls. The second part focuses on developing a finite element model
of masonry compressive prisms to study the effect of mortar bed thickness and mortar
compressive strength. This study was comprised of five chapters.

Chapter 1 presents the historical background and motivation for this study, as well as its
objectives. '

Chapter 2 presents the test results and the seismic response analysis carried out with the
2021 experiment. This experiment tested the effect of the middle tie beam and brick
compressive strength on the seismic performance of confined masonry walls. For this,
four walls were tested in cyclic loading. Two were control walls with low compressive
strength handmade bricks and typical Japanese concrete bricks, respectively. The other
two walls had a middle tie beam, which were made with the handmade bricks and the
Japanese concrete bricks, respectively.

The test results showed that in a shiding failure mode, the middle tie beam has no
significant effect on the in-plane strength of walls. However, there was evidence of
improvement in terms of ductility in the walls with this element. Additionally, the effect
of the middle tie beam on the equivalent damping factor was observed after the walls had
achieve their maximum in-plane strength.

For the selsmic response analysis, the capacity response spectrum method was utilized.
This analysis showed that the response point of the walls for a severe seismic demand
would occur before the maximum strength in the performance curve.

Chapter 3 presents the methodology for the design of the walls and the results of the
2020 experiment. Additionally, it presents the analysis carried out to understand the
effect of the middle tie beam in terms of in-plane strength. For this, a comparison
between shear strength obtained from equations and experimental results was carried
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The data utilized comes from our experiments in 2020 and 2021, and a review of past
investigations. This review served the additional purpose to help understanding the
experimental behavior of confined masonry walls with a middle tie beam. Each of these
walls was then classified in one of three failure modes: diagonal tension, sliding or mixed.
Then, equations were selected from relevant investigations, and used to evaluate the
inplane capacity of the experimental data. For this selection, the equations were
-evaluated in how they consider the contribution of each wall element and how they could
be adapted to include the middle tie beam.

The comparison had the objective to determine which equations could pred1ct the in-plane
shear capacity more accurately, and under which failure mode. :

Once the equations for each failure mode were defined, these were tested to see if they
could predict the in-plane strength and failure mode of the experimental data. For this,
all three equations were evaluated utilizing material test data. The lowest value among
them and its failure mode were considered the in-plane strength and failure mode of the
wall, respectively.- _

Overall, the evaluation process was able to determine equations that could accurately
predict the sliding, diagonal tension, and mixed failure modes. However, the methodology
was found to be inadequate when utilized to predict the in-plane strength and failure
mode of the experimental data, and it was found that test conditions might prove to be
more effective in determining the possible failure mode of the walls.

Chapter 4 presents the development of a finite element model of masonry compression
prisms in an engineering simulation software to study the effect of mortar bed thickness
and mortar compressive strength on the masonry compressive strength.

For this, the 10mm mortar bed prisms of a previous experimental study were utilized to
calibrate a microplane model for brick and mortar. Once this was done, the same
materials were utilized in the 30mm and 60mm mortar bed prisms and compared with
the experimental data. The results showed that the material model could accurately
predict the compressive strength of prisms with variable mortar bed thickness.

Chapter 5 presents the summary of the conclusions reached in every chaﬁter.
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