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Abstract. Bed joint reinforcement significantly affects the shear capacity
of masonry walls due to its effective ability to transfer shear forces through
a diagonal crack, but how does this phenomenon impact its drift capacity?
This paper presents an experimental study containing a series of four quasi-
static cyclic tests conducted on masonry walls of same size. Two of them
incorporated truss-type bed joint reinforcement, while the other two were
completely unreinforced. All specimens were subjected to double bending
boundary conditions to observe shear-controlled behaviour and were tested
under two levels of compression load. The primary objective of this research
is to determine the role of horizontal reinforcement in the seismic properties
of unreinforced masonry walls focusing on the displacement capacity. The
findings from this experimental study are expected to provide empirical
evidence for subsequent numerical simulations and contribute to the
development of analytical formulations. The results aim to enhance our
understanding of the seismic response of masonry walls, ultimately
informing design practices and seismic retrofitting strategies.

1 Introduction

The influence of bed joint reinforcement (BJR) on the seismic behaviour of masonry walls
have been extensively investigated in previous works. In fact, only the experimental
campaign described in Jasinski [1] contains a total number of 76 walls using three types of
units and four bed joint solutions. Although this experimental investigation reports that the
incorporation of bed joint reinforcement resulted in an increase in shear deformation
capacity, there are challenges regarding comparison with other shear-compression wall tests
due to the singular testing characteristics (cyclic loading in only one direction).
Additionally, most of the studies have been carried out in walls built with concrete blocks
[2-6]. For the case of walls made with hollow clay bricks (HCB) including only horizontal
reinforcement, very limited research provides information about its impact on the
deformation capacity. Among the experimental campaigns compiled by Penna et al. [8], the
tests conducted by Technical University of Bucharest [7] reported that walls with horizontal
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rebars increased their drift capacity between 130-215% compared to the walls without
reinforcement.

With the aim of extending the research on this subject, this study intends to contribute
with additional experimental evidence to analyse the effect of BJR on the drift capacity of
HCB masonry walls identifying the mechanical phenomena behind the impact on its seismic
behaviour.

2 Methodology

Four masonry walls of dimensions 1.54 m long, 2.00 m high and 0.25 m thick were
constructed and tested in shear-compression under double-bending boundary conditions
(equivalent to a shear span equal to mid-height of the wall, Ho = 0.5-Hyai) in the Laboratory
of Structures of EPFL. The aspect ratio of the walls was selected in order to observe a shear-
controlled behaviour for the applied boundary. The specimens were built with full scale
hollow clay bricks (HCB) of 300 mm long, 250 mm wide and 190 mm high (nominal strength
of 28 MPa and Group 2 according to Eurocode 6 [9]), and standard cement-based mortar
(M15) fully filling head and bed joints (constituent materials can be seen in the Figure 1b).
The walls were subjected to axial load ratios (ALR = 0/fmasonry) 0f 0.1 and 0.2, while keeping
the compression force constant until reaching the axial load collapse.

Two out of the four walls incorporated a truss-type BJR in hot galvanized steel of 180
mm width with a diameter of 5 mm (Figure la). The amount of reinforcement in both
specimens was the same, being included every two rows which means a total number of five
bed joints with reinforcement in each wall. The quantity of reinforcement corresponds to
0.04%, magnitude similar to the minimum amount specified in Eurocode 6 [9] (pmin = 0.03%).
The notation for each specimen corresponds to MWO0.1 and MWO0.2 for the walls without
BIJR, subjected to 0.1 and 0.2 ALRs respectively; while LRTWO0.1 and LRTWO0.2 for the
walls including BJR, under 0.1 and 0.2 ALRs.

o

Fig. 1. Masonry typology with and without bed joint reinforcement.

The loading protocol was displacement-control which was increased progressively after
completing two cycles per drift level (Figure 1b). The instrumentation plan consisted of
thirteen wired sensors for measuring deformations at specific points in real time during the
test, fiber optics attached to bed joint reinforcement measuring strains in real time, and a
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stereo-camera system for conducting Digital Image Correlation (DIC) analysis (Figure 2a
and Figure 2c¢).

The LVDT wired sensors were located: at the top of the wall (Figure 2a) to measure the
drift and follow the displacement-controlled protocol; at the concrete base (Figure 2a) to
determine if the wall needed to be corrected by rocking or sliding; and on the lateral face of
bricks at the extreme of the wall (Figure 2c¢) to obtain the expansion-compression of the units
during the loading cycles. Regarding the DIC system, it consisted in a set of 2 digital cameras
of 28.8 MPx capturing gray-scale images every 5 seconds.
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Fig. 2. Test setup and protocol

3 Results

Figure 3 displays the in-plane response of the four walls using the data obtained from DIC.
The hysteretic curve in black is obtained in terms of the horizontal stress (horizontal force at
the top of the wall normalised by its cross-sectional area) and the drift (top displacement
normalised by the height of the wall). The envelope in positive and negative direction are
highlighted in blue, where the respective ultimate drifts (3,) have been identified with a red
dot. The ultimate drift has been defined as the drift at which the horizontal load has drop in
20% the shear strength (Tmax). The bilinearisation is also visible in green defined by the
effective stiffness (kefr) determined as the secant stiffness intersecting the envelope curve at
70% of the shear strength in the pre-peak regime, and the ultimate stress calculated as the
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magnitude of the shear stress for which the area under the envelope curve is equals the area
under the bilinear curve within the drift range [0,8.].
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Fig. 3. Hysteretic curve including envelope and bilinearisation.

Table 1 shows some seismic parameters obtained from the shear-compression tests. The
average effective stiffness (ker*VY) has been calculated as the average of the effective
stiffness in both directions; the shear strength (Tmax) corresponds to the maximum of the peak
shear stress in both directions; and the ultimate drift (8,) has been calculated as the maximum
ultimate drift between the two directions.

Table 1. Seismic parameters extracted from hysteresis.

Wall Kett*VCG [Mpa/%] | T2 [MPa] | 8u [%]
MWO.1 6.35 0.41 0.22
LRTWO.1 6.55 0.41 0.41
MWO0.2 6.82 0.55 0.28
LRTWO0.2 4.89 0.61 0.47




MATEC Web of Conferences 403, 05008 (2024) https://doi.org/10.1051/matecconf/202440305008
SUBLime Conference 2024

There is no correlation between the effective stiffness and the inclusion of BJR or the
increase in axial load. For ALR = 0.1 the inclusion of BJR resulted in an increase of effective
stiffness of 3.2%, while for ALR = 0.2 the behaviour was the opposite, with a reduction in
effective stiffness of 28.3%. This latter phenomenon requires further investigation, but one
aspect to consider is the asymmetric behaviour exhibited in the LRTWO0.2 wall. Figure 3
indicates that in the positive direction of loading, the hysteresis displays significantly less
stiff behaviour than in the negative direction. Since the values in Table 1 provide the average
effective stiffness, the magnitude difference in both directions have an influence on the final
value presented. Similarly, the increase in ALR caused an increase of 7.4% in the effective
stiffness for walls without reinforcement, while for the walls incorporating BJR a decrease
of 34%.
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Fig. 4. Damage pattern before axial load collapse.

The shear strength increased 49.4% when increasing the ALR for reinforced walls and
increased 32.2% when increasing the ALR for unreinforced walls. However, the effect of
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BJR in the strength capacity has only been observed for ALR = 0.2, resulting in an increase
in 12.5%. Finally, the ultimate drift has been influenced by both, the ALR and the
incorporation of BJR. The inclusion of BJR increased the ultimate drift in 85% for ALR =
0.1 and 70.4% for ALR = 0.2. The increase in the axial load brought an increment in the
ultimate drift of 25.9% for unreinforced walls and 16% for reinforced walls.

Figure 4 depicts the condition of the walls in the last drift level before the axial load
collapse. The failure mechanism in walls without reinforcement corresponds two major
diagonal cracks going from corner to corner. On the other hand, the walls including BJR
show different damage patterns compared to the unreinforced walls and for the distinct ALRs.
The specimen subjected to ALR = 0.1, although developing a less visible diagonal crack from
top right corner to bottom down corner, concentrated the damage at the top row with evidence
of a horizontal crack at the bed joint in addition to bricks crushing and deforming laterally.
Besides, the case under higher compression load (ALR = 0.2) presents diagonal cracks in
both directions, but the damage is mainly concentrated at the lower part of the wall. When
comparing cracks by naked eye, although the walls with BJR reached considerable larger
drift levels the cracks on the unreinforced walls seem to be wider.

4 Conclusions

From the global representation of the seismic behaviour described by the hysteretic curve
and the local phenomena observed in the damage pattern, it is possible to remark the
following:

e  The drift capacity represented by the ultimate drift has shown to be influenced by
the axial load and by the incorporation of BJR. In this regard, the presence of
horizontal reinforcement brought a considerable increase of the drift capacity
between 70-85%.

e There is not a clear influence of ALR nor the presence of BJR on the effective
stiffness of the walls.

e The increase in compression load has led to an increase in the shear capacity of
masonry walls.

e  Given that the addition of BJR had no effect on the shear strength for the walls tested
with ALR = 0.1, it cannot be concluded from the examined cases that the inclusion
of BJR increased the shear capacity of masonry walls.

o  Forthe cases analysed, the inclusion of BJR can be related to a change in the damage
pattern. Specifically, it has been observed that the walls with horizontal
reinforcement have concentrated the damage more locally. Additionally, the walls
with BJR seem to develop thinner cracks. However, this latter observation still needs
to be supported by a more detailed crack width analysis based on DIC data. In this
regard, it is expected to conduct analyses not only before the collapse, but also at
different moments of the post-peak regime to evaluate the damage progression.
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