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Abstract. Dealing with the seismic vulnerability assessment of existing mason-
ry constructions is not an easy task, especially concerning the difficulties in de-
termining the masonry mechanical properties. Experimental tests, classifiable,
depending on their invasiveness, as non-destructive, slightly-destructive or de-
structive, may be performed directly on-site or in laboratory on materials ex-
tracted on-site. Existing buildings with an historical, architectural or artistic
value cannot be severely damaged by testing; therefore, there is the need of as-
sessing the reliability of non-destructive and slightly-destructive testing meth-
odologies for the determination of the material parameters. The goal of the pre-
sent research is to evaluate the suitability of testing cores for the determination
of the masonry compressive strength. Testing a masonry core in compression is
not a standardized procedure and it implies the casting of high-strength mortar
caps at the top and at the bottom of the samples to obtain regular surfaces on
which applying the compressive load and to simulate the confinement given, on
site, by the surrounding masonry. In this research, a solid clay brick masonry
typology is considered, for which the compressive strength is estimated by test-
ing cores and standard wallets. To investigate the reliability of the testing meth-
od, both single-wythe and double-wythe cores are subject to uniaxial compres-
sion tests, also considering variations in the dimensions of the high-strength
mortar cap. Correlations between the results obtained by testing cores and wal-
lets are presented in the paper, in terms of compressive strength and evolution
of the crack pattern.
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1 Introduction

For the vulnerability assessment of existing masonry buildings, one of the most im-
portant aspects is determining the mechanical properties to be used in the structural
analyses and verification. With this purpose, experimental tests can be either per-
formed on-site or in the laboratory on samples extracted on-site. In general, testing
methods can be classified as non-destructive, slightly-destructive or destructive de-
pending on the damage they cause to the construction [1,2]. Existing buildings with
an historical, architectural or artistic value cannot be severely damaged by testing;
therefore, slightly-destructive tests could be usually preferred to destructive tests [1].

One promising slightly-destructive technique involves extracting masonry cores
from the load-bearing walls of the building under investigation. Testing a masonry
core in compression is not a standardized procedure and it implies the casting of high-
strength mortar caps at the top and at the bottom of the samples to obtain regular sur-
faces on which applying the compressive load and to simulate the confinement given,
on site, by the surrounding masonry [3-5]. To evaluate the reliability of this test
method, research has been conducted in recent years with the aim of comparing and
correlating the results obtained from compressive tests on cores and standard com-
pression tests performed on masonry wallets [3,6,7]. However, the research on this
topic is still open, given the fact that many parameters can influence the outcomes of
the tests on cores, such as the core diameter and length, the bond pattern, the dimen-
sions and the material properties of the cap, etc. [8].

In this framework, the goal of this research is exploring the suitability of testing
cores for the determination of the masonry compressive strength. A clay brick mason-
ry typology is considered, whose compressive strength is estimated by testing cores
and standard wallets. Both single-wythe and double-wythe cores are subject to uniax-
ial compression tests, considering variations in the dimensions of the high-strength
mortar cap. Results will be discussed in the paper in the attempt of providing a contri-
bution for a possible standardization of the testing methodology.

2 Materials and methods

2.1 Brick masonry

The masonry typology adopted in the experimental campaign was composed by fired
clay bricks with dimensions equal to 250x120x55 mm?® and natural hydraulic lime-
based mortar (NHL). Through standard testing procedures [9-11], compressive and
flexural strength of the materials were obtained, as reported in Table 1.

Table 1. Brick and mortar mechanical properties.

Material Compressive strength (MPa) Flexural strength (MPa)
Clay brick 18.7 4.6
NHL mortar 1.4 0.4




2.2 Standard compression test on masonry wallets

To provide a reference for comparison with the results of the tests on cores, four dou-
ble-wythe masonry wallets were built, having dimensions of 710x790x250 mm?® and a
Flemish bond pattern, realized with the same materials previously described. They
were then tested in compression according to a standard method [12], using a univer-
sal testing machine with a capacity of 6000 kN. During the tests, vertical and horizon-
tal displacements were measured by linear potentiometers with a repeatability lower
than 0.01mm and an independent linearity equal to 0.1%, positioned on the samples,
on both sides, as shown in Fig. 1.

Fig. 1. Setup for standard compression tests on masonry wallets.

2.3 Compression test on masonry cores

The extraction of the cores was performed on an additional masonry wallet, built with
the same characteristics of the masonry walls tested in compression. Both single-
wythe and double wythe samples, all characterized by the presence of one horizontal
mortar joint in the middle of the core, were extracted. Afterwards, the cores were
capped with a high-strength mortar, with a compressive strength of 22 MPa, to repro-
duce the confinement of masonry on site and to realize regular surfaces on which the
compressive load could be applied. Different cap geometries were considered to in-
vestigate the influence of the height and the width of the cap on the estimate of the
compressive strength. In more detail, the following samples were extracted, prepared
and tested:
- n. 5 double-wythe cores, with a diameter of 95 mm, a cap width and height of
80 mm and 30 mm, respectively (DW_HJ_D95_80x%30).
- n. 3 single-wythe cores, with a diameter of 95 mm, a cap width and height of 80
mm and 30 mm, respectively (SW_HJ_D95 80x30);
- n. 3 single-wythe cores, with a diameter of 95 mm, a cap width and height of 74
mm and 30 mm, respectively (SW_HJ D95 74x30);



- n. 6 single-wythe cores, with a diameter of 105 mm, a cap width and height of
80 mm and 30 mm, respectively (SW_HJ_ D105 80x30);

- n. 3 single-wythe cores, with a diameter of 105 mm, a cap width and height of
80 mm and 50 mm, respectively (SW_HJ_D105_80x50);

The compressive tests were performed with a hydraulic actuator, having a capacity
of 100 kN, with a displacement rate equal to 0.02 mm/s. The load was applied or-
thogonally to the longitudinal axis of the cores, i.e., the mortar joint was aligned as in
the masonry panel where it was extracted from. During the tests, vertical displace-
ments were monitored using LVDT, on one side, and Digital Image Correlation
(DIC), on the other side through a black dot pattern on white painted surfaces. The
test setup is shown in Fig. 2.

(b)

Fig. 2. Setup for compression tests on cores: (a) single-wythe sample, (b) double-wythe sample.

3 Experimental results

3.1 Compression test on masonry wallets

The results of the compression tests on masonry wallets are reported in Table 2, in
terms of compressive strength (f). All the tested walls presented a similar behavior: a
first vertical crack occurred at the center of the samples, visible on both sides; after-
wards, several vertical cracks appeared, all over the panel surface (Fig. 3). In some
cases, separation between wall wythes occurred.

Table 2. Results of the compression tests on masonry wallets.

Sample code Compressive strength
fm (MPa)
W_CT_1 6.4
W_CT_2 6.3
W_CT_3 6.7
W_CT_4 6.1

Average value 6.4




Fig. 3. Failure mode of masonry wallets tested in compression.

3.2  Compression test on masonry cores

The results of the compression tests on masonry cores are reported in Table 3, in
terms of compressive strength (fn) for all the tested geometries. Regarding the failure
mode, both single-wythe and double-wythe cores were characterized by the presence
of vertical cracks, also involving the mortar cap, especially at the end of the test (Fig.
4). For double-wythe cores, in particular, damages were sometimes observed on the
longitudinal sides of the cores, with partial out-of-plane detachment, probably indicat-
ing a greater deformation of the middle part of the core. The evolution of the crack
pattern, visible from the strain contour plots obtained by the DIC technique, is shown
in Fig. 5 and Fig. 6 for two representative samples.

By comparing the results of tests on single-wythe and double-wythe cores, it can
be noticed that the average values of the compressive strength are quite similar (dif-
ference limited to the 10%). Therefore, the presence of the collar joint seems to have a
small influence on the results, at least for the tested masonry cores in which it was
properly filled with mortar. Therefore, it could be preferable to test single-wythe
cores, since the casting procedure is easier and undesired failure modes, e.g., along
the longitudinal sides, can be avoided. For this reason, the variations of the high-
strength mortar cap geometry were only considered for single-wythe samples.

Considering the single-wythe cores with a diameter of 95 mm, it can be observed
that by decreasing the cap width from 80 mm to 74 mm, corresponding to a cap-to-
core width ratio of 0.84 and 0.78, respectively, the compressive strength value de-
creased due to the lower confinement given by the cap. This observation about the
confinement effect provided by the cap is also supported by the fact that cores with
the same cap-to-core width ratio (SW_HJ D95 74x30 and SW_HJ D105 80x30)
were characterized by a very similar compressive strength value. Trying to increase
the cap height from 30 mm to 50 mm (SW_HJ D105 80x30 and
SW_HJ D105 80x50), a lower compressive strength was found.



In all cases, the compressive strength obtained by testing cores was higher than the
one obtained from compressive tests on wallets, with correlation coefficients ranging
in between 1.48 and 1.98, with an average value of 1.73, probably due to the con-
finement of the high-strength mortar capping.

Fig. 4. Failure mode of: (a) single-wythe masonry cores, (b) double-with masonry cores.

Table 3. Results of the compression tests on masonry cores.

Sample code Compressive strength
fm (MPa)
Single result  Average result
DW_HJ D95 80x30 1 122
DW_HJ D95 80x30 2 118
DW_HJ D95 80x30 3 103 115
DW_HJ D95 80x30 4 108
DW_HJ D95 80x30 5 12.6
SW_HJ_D95_80x30_1 123
SW_HJ_D95_80x30_2 11.0 12.7
SW_HJ D95 80x30_3 14.9
SW_HJ D95 74x30 1 9.4
SW_HJ D95 74x30 2 108 11.0
SW_HJ D95 74x30_3 12.9

SW_HJ_D105_80x30_1 111
SW_HJ_D105_80x30_2 11.2
SW_HJ_D105_80x30_3 10.7
SW_HJ_D105_80x30_4 11.3
SW_HJ_D105_80x30_5 9.1
SW_HJ D105 80x30_6 10.7
SW_HJ_D105_80x50_1 8.8
SW_HJ_D105_80x50_2 9.4 95
SW HJ D105 80x50 3 10.2

10.7
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Fig. 5. Evolution of the crack pattern for single-wythe core: sample SW_HJ_D95_80x30_1.
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Fig. 6. Evolution of the crack pattern for double-wythe core: sample DW_HJ_D95 80x30_2.



4 Conclusions

In this research, compressive tests on masonry cores were performed to investigate
the reliability of this non-standard testing methodology in estimating the masonry
compressive strength. With reference to a clay brick masonry typology, both single-
wythe and double-wythe core samples were extracted from wallets, capped with a
high-strength mortar, and tested in compression. Different cap geometries were con-
sidered to investigate the influence of the confinement effect on the compressive
strength results, which were compared to assess the impact of the geometrical varia-
tions considered. The obtained results allowed to define a correlation between the
core test results and the results of standard tests on wallets, obtaining useful infor-
mation, possibly contributing in the future to the standardization of the testing meth-
odology here proposed and applied. Additionally, failure modes typical for masonry
loaded in compression were obtained for both core types (single-wythe and double-
wythe) without significant variations, which means the approach is consistent and
reliable.
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