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Abstract. Estimating the mechanical properties of existing masonry structures
still represents a challenge since there is the need to find a balance between the
invasiveness of the testing method and the accuracy and representativeness of the
test results. Minor destructive tests are usually preferred, especially when dealing
with historical constructions. In the last decades, the use of masonry cores, tested
to obtain either compression or shear properties, has progressively become a
valid and promising alternative to other testing methods. However, the applica-
tion of core testing is often limited to the academic research, mainly due to the
lack of specific standards and testing guidelines. The objective of the present
work is to analyze procedures adopted to test masonry cores for the characteriza-
tion of compressive properties of unreinforced masonry with regular units.
Through the collection of a database, an inventory of available experimental data
on various masonry is provided, and the main features of test setups and protocols
are examined and compared. Factors influencing the results, such as boundary
conditions, geometry of the samples, bond pattern, etc., are identified. Collection
of data related to standard experimental tests is also performed to support the
definition of specific correlations between the results of core testing and of stand-
ard procedures, and, in general, to evaluate the reliability of the different testing
methodologies. The present research represents the basis for a possible standard-
ization of core testing methods.

Keywords: Masonry, Minor Destructive Tests, Core Testing, Compression.

1 Research overview

With the objective of providing a contribution for the harmonization of masonry core
testing procedures, specifically focusing on compressive properties evaluation, in the
present research a collection of data is performed considering different data sources,
i.e., journal and conference papers, technical reports, etc. The activity is carried out in
the framework of the RILEM Technical Committee on “Testing methods for masonry
cores” (CTM) [1], which has started in 2024 and involves academic researchers around
the world.
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To determine compressive properties of unreinforced masonry with regular units by
testing cores, after the extraction procedure, the core samples must be capped with a
high-strength material, typically steel or cementitious mortar. The role of the cap is
providing confinement to the core sample, thus reproducing the in-situ condition of
masonry before the extraction, and ensuring planar surfaces for the compressive load
application. Compressive tests on cores were performed in the past with various setups
and testing protocols, considering both single- and double-wythe cores with different
diameters and bond patterns, and adopting different geometries for the high-strength
cap [2-4]. Due to these variations, by comparing the masonry compressive strength
obtained from tests on cores and the results determined through standard tests, e.g.,
uniaxial compression tests on masonry wallettes or prisms, different correlations were
found [5]. To propose testing guidelines, there is the need to understand the role of each
factor in influencing the core test outcomes. For this reason, a specific data collection
was planned among the participants of the RILEM Committee CTM.

To setup the database, the following information was collected from literature [3,4,6-
17]:

- Masonry typology, with indications about the size and type of units, the mortar
type and average joint thickness, and the construction year differentiating be-
tween lab-replicated and field-extracted masonry specimens.

- Mechanical properties of units and mortar, in terms of compressive strength,
flexural strength and elastic modulus.

- Cap material, geometry, and mechanical properties in terms of compressive,
flexural, tensile strength and elastic modulus.

- Core geometry in terms of length, width, thickness, number of wythes, and core
bond pattern (refer to Fig.1 for the classification of the different bond patterns
identified in the database).

- Results of tests on core, in terms of compressive strength and, when available,
stress at first cracking, elastic modulus, and crack pattern. The stress calculation
method, i.e., either considering the diametral surface of the core (area of core)
or the cap surface (area of cap), is also noted.

- Results of companion tests on wallettes or prisms, in terms of compressive
strength and elastic modulus, obtained through standard test methods, e.g., uni-
axial compressive tests on wallettes according to EN 1052-1.
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Fig. 1. Classification of core bond patterns.
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Data were gathered both from tests on lab-replicated and field-extracted samples
from existing buildings or bridges. They were classified in datasets based on the ma-
sonry typology, environmental exposure conditions (e.g., sample extracted from walls
with north/south exposure in an existing building), and cap/core characteristics. Up to
date, the database for compression properties includes 39 different masonry typology
and 97 different datasets. Among those, 71 datasets include both experimental results
obtained by tests on core and tests on wallettes/prisms as suggested by current stand-
ards.

In the following, preliminary results are presented showing the composition of the
database and focusing on the main properties which can influence the core test results.
In terms of masonry typologies, calcium silicate and clay brick masonry typologies
were identified. The clay brick masonry typology is the prevalent one (92%), charac-
terized by a wide range of normalized brick compressive strength, i.e., 10-45 MPa (Fig.
2a). Different mortar compositions were found, i.e., cement-, lime-, lime-cement, and
lime-truss based, with a prevalence of lime-based mortar mixes (46%), and compres-
sive strength lower than 15 MPa in most cases (Fig. 2b). The experimental test series
were performed both on lab-replicated masonry specimens (48%) and on field-ex-
tracted ones (52%).
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Fig. 2. Percentage of masonry typologies per (a) normalized brick compressive strength
classes, (b) mortar compressive strength classes.

Several variations in core’s geometry and bond pattern are present in the database.
The majority of the cores were single-wythe specimens (79%), and two different diam-
eter values were considered in the cited research, i.e., 100 mm (58%) and 150 mm
(42%). The bond patterns identified in the database are presented in Fig. 3a, where the
“irregular” bond pattern was also included, for those cases in which the layout of bed
and head joints could not be related to the previously identified bond patterns (Fig. 1).
Regarding the cap, high-strength mortar was adopted in the 82% of the cases, while
only for the 18% of the datasets the steel cradles were used. To analyze the confinement
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given by the cap to the core, an important parameter to be assessed is the ratio between
the length of the cap and the core diameter, ranging between 0.5 and 1, as can be seen
in Fig. 3b. To evaluate the reliability of the results, the number of samples tested for
each dataset was also collected, and it is worth mentioning that the majority of the da-
tasets included at least 3 test repetitions.

50 50
S @ | < ®)
L40r 1 2%
(7] [
8 8
®© 30 ® 30
° o
E :
g,ZO 1 g20
£ g
o
g 10 - ] Em,
[
o D | ./
0 == 0 . . . .

<0.5 0.5-0.6 0.6-0.7 0.7-0.8 0.8-0.9 0.9-1.0
a?e%\NQ i@ %‘19 0\&9 %\“av %\iqeo“““e s Lcap/Deore
NENAIE PN \\,,x\ NEENV \

Core Pattern
Fig. 3. Percentage of datasets per (a) bond pattern (SW: single-wythe, DW: double-
wythe, refer to Fig. 1 for the classification) and per (b) cap length-to-diameter ratio.

In conclusion, the data collection was useful to obtain an overview of the testing
procedures adopted in past research for the determination of compressive properties of
masonry from cores. A variety of factors can influence the test outcomes and a prelim-
inary analysis of the collected data allowed to identify the prevalent masonry typologies
and sample geometries, needed for a further and more refined classification of the data.
The dataset available and their variety in features provide confidence that crucial fac-
tors influencing the outcome of compression tests on core can be identified. This will
support the work of the RILEM technical committee CTM in drawing testing guide-
lines, fostering the use of core testing method in engineering research and practice.
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