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ABSTRACT

For decades, prisms and wallette have been used to explore masonry’s strength and deformation capabilities
under uniaxial compression; moreover, the link between these two main test methods needs to be better estab-
lished. Using standard masonry design expressions and data, the prism or wallette test can determine compres-
sion qualities. The researchers compared the standards and came to judgments on their conservatism or lack
thereof, independent of how the rules for those design standards were formed. As a result, an attempt was made
to link the behaviour of the enormous masonry prism to the wallette pressure behaviour. Prisms and wallette
were made and tested by three different types of units and three mortar compositions. According to test results,
the compressive strength of prism tests is consistently higher than that of identical wallette samples. It has
remained demonstrated that a linear relationship concerning the compressive strengths of prisms and wallette is
tolerable. To test data from the prisms and wallette, a simplified analytical model for the deformation properties
of masonry is given.

Keywords: Strength under Compression; Initial Rate of Absorption; Peak Strain; Ductility.

1. INTRODUCTION

Masonry has traditionally been a frequent and profitable potential of cladding and load-bearing structures.
Today, it constitutes a vast share of global constructions regularly of ancient and cultural significance. Masonry
is a heterogeneous cloth with a complex, nonlinear, anisotropic behavior which can be attributed to the unique
fabric elements and the great interfaces. For centuries, masonry used to be specific with lime mortars. However,
as most limes construct energy slowly via carbonation, they have been superseded; first by using hydraulic
limes and then via Portland cement which rapidly develops strength on hydration. However, over two decades,
there has been a renewed focus on using hydrated and hydraulic lime mortars for repairs and new buildings. The
experience of masonry energy and deformation traits is vital as these decide overall masonry performance over
time and allowable stress and stiffness in diagram codes for new buildings [1].

The final years witnessed considerable advances in masonry mechanics, each with recognition of exper-
imental trying out and numerical modelling. Despite this, the composite behavior of whole concrete block
masonry nevertheless represents a genuine challenge. Hollow concrete blocks are constructions constituted by
thin walls that interact between themselves and usually feature one-of-a-kind geometries. Besides the difficul-
ties in symbolizing the mechanical property of mortar internal the composite, the mechanical strength of the
concrete from the blocks are commonly no longer known because the checks are carried out on entire blocks
[2]. The strength of masonry under compression is a fundamental property in the design of masonry structures.
Although test specimens of wall panels for determining the compressive strength of masonry as per AS3700 of
stack bonded prisms tests. The compression behaviour of masonry prisms depends on the thickness of mortar
joints, the stiffness of masonry units and mortar, and the units’ shape [3].

Bond properties are essential for masonry walls’ integrity, serviceability, and flexural and shear
response. Various investigations address improving the bond between the masonry assemblies and the
mortar layers. The method of bond improvement commences as quickly as the clean mortar is utilized on the
masonry units. The absorption of mortar fluids precedes the cement compounds’ subsequent placement into
the masonry unit and the consequential transport of mortar fines in the joint to the mortar unit interface [4].
The laboratory-constructed prisms were tested, and predictive expressions touching masonry compressive
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strength to the constituent ingredient compressive strengths and the masonry modulus of elasticity were
developed based on the experimental results. Masonry compression stress-strain numerical fashions have
been additionally developed to predict masonry stress-strain behaviour [5, 6].

In-plane shear strength of unreinforced masonry partitions relies upon in most cases, shear/tensile bond
strength, issue ratio and pre-compression levels; compressive strength of masonry solely influences when the
last failure is dominated. Failure of traditional unreinforced masonry shear partitions is characterized by brit-
tle tensile/shear cracking via the susceptible bond between the unit and mortar [7]. The important mechanical
properties of masonry partitions are the compression, tensile, flexural and shear strengths. Of these properties,
the most essential is the compression strength because, in general, masonry partitions are submitted to greater
excessive vertical load than horizontal load produced through wind or seismic activity. Concrete hollow block
masonry buildings are currently being used conspicuously in many parts of the world. There is an urgent need
to conquer experimental and numerical information of special bonding preparations [8].

As mentioned, figuring out the last strength has been a primary study of masonry studies. Some of the
troubles that also want explanation consist of the implicit assumption that masonry failure takes place on the
last strength and that there may be no enormous distinction between masonry built with a susceptible and a
sturdy mortar. The observation herein indicates that the failure mechanism of whole concrete block masonry is a
chain of consecutive outcomes and is no longer an unmarried last event. The observation indicates that masonry
failure relies upon the relative strength of the mortar and block. This expertise might also assist engineers in
deciding a preferred overall performance degree for their masonry shape in place of, without a doubt the last
strength and very last mode of failure [9, 10]. Irrespective of the share of reinforcement, no proof of yielding of
the steel bar steel bar with confining detail may be determined in the literature; this suggests that the confining
factors used to date showcase very restricted cracking till the fall apart of the masonry, even though the masonry
energy is superior through the confining factors. Since there’s clean proof within the literature that the steel bar
with confining factors no longer take part significantly in this research and most uncomplicated and not using a
shear tie has been used [11, 12].

Containment of cement-based materials is typically done using ribbons, spirals, or circular hoops. Such
a configuration is usually very long in cross-section in one dimension and challenging to achieve with relatively
thin masonry walls in the other dimension. For masonry, one approach to inclusion is to use thin galvanized
steel sheets placed at the mortar joints during construction. Boundary plates serve the same purpose as the lateral
rebar of standard concrete components. As the compressive strain of the masonry increases, the masonry grows,
and the tensile strain of the panel upturns. Next, the masonry is in a 3-axis compressed state, improving the
strength and elasticity of the masonry [13, 14]. Given the importance of seismic action and the potential seismic
susceptibility of masonry structures, an essential part of these efforts will be devoted to numerical simulations
of masonry rupture under tensile and shear forces [15, 16]. Due to changes in regulations and use, masonry
buildings often require structural reassessment and possibly retrofit measures. In this context, the compressive
response of masonry plays a decisive role in evaluating the strength of masonry buildings concerning both the
effects of vertical loads caused by vertical and horizontal actions. The response properties of masonry to com-
pression include determining parameters such as the compressive strength, modulus of elasticity, and general
curve of compressive deformation under static and cyclic loading of the composite material [17, 18].

2. EXPERIMENTAL PROGRAM

2.1. Materials

A set of three different types of units and three types of mortar compositions were used to construct the spec-
imens. These masonry units have been deliberately chosen to cover a range of geometric dimensions and
strengths. This work used three types of mortar compositions to construct the samples in combination with
five different types of units as per codes [19-22]. The cement-sand ratios of M1:3, M1:4 and M1:5 was used
for the mortar mix as per IS 269. The properties of six samples with different cement mortar compositions are
shown in Table 1. The Geometric property values of the units are shown in Table 2. Clay bricks are entitled in
the subsequent descriptions C.B. charted by their sequential figure. Six samples were cast, tested and analyzed
to determine the properties.

2.2. Testing methodology

The Bureau of Indian Standards codes [23] commends the examination of masonry prisms of least 40 cm in
height with height-to-thickness proportion in the middle of 2 to 5 for defining the strength of the masonry under
compression behaviour. The British standard [24] commends the analysis of masonry panels of range between
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Table 1: Properties of cement mortar compositions as per IS 269.

DESCRIPTION M1:3 M1:5
Density (kg/m?) 1900 1800
Water absorption (%) 8.6 8.5
Compressive strength (MPa) 6.5 4.2
Flexural strength (MPa) 1.15 1.02
Elastic modulus (MPa) 4500 3500

Table 2: Properties of masonry unit assembly as per IS 1905.

DESCRIPTION CB1 CB2 CB3
Density (kg/m?) 1900 2010 1700
Compressive strength (MPa) 53 15.8 3.8
Modulus of rupture (MPa) 1.83 3.66 1.26
‘Water absorption (%) 10.6 4.5 12.9

Table 3: Details of casted specimens.

DESCRIPTION DIMENSIONS h/t RATIO
(I xt>xh) mm
Prism
CB1 225 x 150 x 490 3.27
CB2 210 x 100 x 410 4.10
CB3 200 x 90 x 440 4.89
Wallette
CB1 460 x 150 x 490 3.27
CB2 430 x 100 x 410 4.10
CB3 410 x 90 x 440 4.89

1.2 to 1.8 m in length and range between 2.4 to 2.7 m in height, which wants an extravagant test setup. Hence,
masonry Wallets of size are part of the masonry prisms and masonry wall panels that have been tried out in
this examination. The intention of taking such mortar compositions is to analyze the consequence of maximum
strength-stiff mortar and minimum strength-soft mortar on the strength of masonry under compression behaviour.
The wallets would characterize the behaviour of walls superior to prisms due to the occurrence of joints [25].
In this study, 30 prism and 20 wallette samples were designed and tested for the three different dimensions
and with three cement mortar combinations to evaluate the strength and strain behavior of the masonry under
compression. The complete test matrix and sample dimensions are given in Table 3.

The dimensions and the number of courses between the combinations varied since their units’
dimensions differed. However, the relationship between the height and thickness of the prisms and the corre-
sponding wallettes remained the same for each combination. The prisms were built and tested in accordance
with ASTM C1314-16 and illustrate similar prism test methods for evaluating the compressive strength of
masonry. The sample specimens were evaluated under the steady state in a Universal Testing Machine of
600kN capacity. A thin 3 mm plywood sheet was positioned on top and bottom of the sample specimen
overloaded in the middle of 25 mm thick steel plates. The sample Wallets were evaluated by insertion them
in a self-pulling loading frame and loaded using hydraulic jacks with capabilities of S00kN and 1000kN.
The schematic diagram of the test setup for Prism/Wallets is shown in the Figures 1 and 2. Displacement
transducers were attached to the samples to record the vertical deformation of the prisms and wallets under
compression.
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Figure 1: Test setup for masonry prism.

Figure 2: Test setup for masonry wallette.

The measurement of the mean deformation was carried out to eliminate possible eccentricities in the
direction of the height and thickness of the samples. Loads and displacements were measured and recorded with a
synchronized data acquisition system. The deformation measurements were carried out in the three test pieces [26].

3. RESULT AND DISCUSSIONS

3.1. Compressive strength

The strength of the prisms and Wallets in compression was determined under a uniaxial pressure load
arrangement. The average compressive strengths of the tested prisms and wallets are given in Table 4 and
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graphical representation format as shown in Figures 3 and 4. Uniform strength has dominated the compressive
strength of wall prisms and wallets. However, a slight increase in the compressive strength of the masonry
prisms and wallets while changing the strength of the mortar was caused. Therefore, the results authenticate that
the compressive strength of mortar has a negligible influence on the compressive strength of masonry, which
is consistent with the results of preceding studies [27]. In some cases, high-strength bonding can cause block
failure. The thin mortar layer and high adhesion contributed to increasing the compressive strength of the bricks
due to the low lateral expansion of the mortar layer [28].

In the combinations tested, it can be seen that the compressive strength of the prism is higher than that
of the wallette. Prism-to-wallette compressive strength ratios range from 1.05 to 1.26, depending on the ratio of
filler to mortar. Although the lowest and highest ratios were recorded for the CB1 (M1:3) and CB3 (M1:3) mor-
tar combinations, the reason for the discrepancy in strength values of the prism and wallette cannot be explained

Table 4: Compressive strength of specimens.

DESCRIPTION CATEGORY MEAN COMPRESSIVE STRENGTH
M1:3 M1:5
CB1 Prism 2.35 2.18
Wallette 1.75 1.59
CB2 Prism 7.47 6.92
Wallette 6.65 6.25
CB3 Prism 1.58 1.31
Wallette 1.32 1.18
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Figure 3: Compressive strength of masonry prism.
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Figure 4: Compressive strength of masonry wallette.
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Figure 5: Correlation between compressive strength of masonry prism and wallettes (M1:3).
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Figure 6: Correlation between compressive strength of masonry prism and wallettes (M1:5).

as there may be inherent differences. However, evaluation of the compressive strength of masonry has been
reported in many studies in the past and has behaviored limited research on prism and wallette testing methods.
The specimens exhibited a quasi-linear behaviour for a low load level and reduced their stiffness when they
exceeded approximately 50% of the maximum load [29]. The equation arrived from the correlation between
the compressive strength of Masonry prisms and wallettes Mortar Mix. The correlation between compressive
strength of masonry prism and wallette graphical figure is shown in Figures 5 and 6.

For Mix M1:3Y = 0.9238x — 0.2704

R2=0.9947
For Mix M1:5Y =0.9304x — 0.2217
R2=0.9949

3.2. Stress strain curve

The axial stress values were calculated by dividing the recorded axial displacements by the gauge length (usually
more than one-third of the sample height). The matching stress values from the load measurement were fitted
to record the deformation of the stress curves of the sample. Under uniaxial compression, both masonry prisms
and Wallets displayed quasi-brittle behaviour.

All samples had a nearly linear stress-strain response until they reached 25 to 50 per cent of their break-
ing strength, then a nonlinear pattern until the break was detected and it was shown in the Figures 7-9. The
emergence of vertical fissures in the specimens was primarily responsible for their nonlinear behaviour. As a
result, the elasticity modulus of the bricks CB1, CB2, and CB3 is 750 MPa, 5300 MPa, and 1500 MPa, respec-
tively. As a result, the brick’s strength and deformation qualities have significantly impacted the masonry’s
overall stress-strain behaviour. The stress-strain curves of the samples were impacted by the type of mortar used,
particularly beyond the linear elastic portions of the curves. The M1:5 mortar ratio has a lesser compressibility
than other mortar ratios. Furthermore, there was no apparent separation between the samples in the lower half of
the stress-strain curves. In most cases, the testing was stopped because the samples were significantly damaged,
posing a risk to the apparatus.
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Figure 9: Stress — strain curve for CB3 type prism and wallette.

As a result, the stress-strain curves’ whole downward regions need to be adequately recorded. The com-
pressibility of the Wallets is higher than that of the matching prisms, as observed. Where the prisms are solely
in a stacked bond, including bed joints and pre-mortar in Wallets, has enhanced axial deformability. At one-
third of the maximum stress of the samples, the modulus of elasticity of the prisms and wallets was calculated
and tabulated in Table 5. The corresponding strain measured at one-third of maximum tension is called elastic
elongation. The maximum strain of the investigated samples was calculated based on their maximum stress.
Simultaneously, the relatively elastic and peak strain shown in Tables 6 and 7 are observed and listed. The strain
at break was calculated based on 80% of the post-peak stress. The stress-strain curve, modelled as an elastic-per-
fect-plastic curve, was used to determine the elasticity of the prisms and wallet [30, 31]. The intersection point
of the bilinear approximation corresponds to the yield strain. The mortar proportion may not affect the elasticity
modulus of the brickwork and its characteristics. This is especially true for the low-strength brick-and-mortar
combinations studied in this study.

Because ductility is defined as the link between strain at break and elastic limit, there was no systematic
difference in ductility tested between prisms and Wallets; the ductility values listed in Table 8 support this con-
clusion. Consequently, averaging the ten possibilities yielded a value of 1.7 for the elasticity of the brickwork
evaluated under pressure in this investigation. It should be noted, however, that every other standard data, with
the exception, is based on prism testing. As a result of the findings of this study, the relationships between the
modulus of elasticity and the compressive strength of prisms and Wallets have been established and are depicted
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Table 5: Elastic modulus of tested specimens.

DESCRIPTION | CATEGORY | ELASTIC MODULUS (MPA)

M1:3 M1:5

CB1 Prism 1880 1567
Wallette 996 839

CB2 Prism 4989 4912
Wallette 3962 3705
CB3 Prism 1035 933
Wallette 696 506

Table 6: Elastic strain of tested specimens.

DESCRIPTION | CATEGORY ELASTIC STRAIN
M1:3 M1:5
CB1 Prism 0.00039 0.00043
Wallette 0.00058 0.00065
CB2 Prism 0.00041 0.00043
Wallette 0.00049 0.00054
CB3 Prism 0.00045 0.00051
Wallette 0.00063 0.00087
Table 7: Peak strain of tested specimens.
DESCRIPTION CATEGORY PEAK STRAIN
M1:3 M1:5
CB1 Prism 0.0028 0.0028
Wallette 0.0030 0.0031
CB2 Prism 0.0020 0.0021
Wallette 0.0023 0.0025
CB3 Prism 0.0030 0.0032
Wallette 0.0033 0.0035
Table 8: Ductility of tested specimens.
DESCRIPTION | CATEGORY DUCTILITY AVERAGE
M1:3 MI1:5 DUCTILITY
CB1 Prism 1.8 1.5 1.65
Wallette 1.7 1.8 1.75
CB2 Prism 1.6 1.4 1.50
Wallette 1.3 1.2 1.25
CB 3 Prism 1.9 2.1 2.00
Wallette 2.0 1.5 1.75

and expressed in pictorial representation in Figures 10—13. For the prism and wallette combinations, excellent
correlations were found. The elastic modulus of the prism is almost 34% larger than that of the comparable
wallettes elastic modulus.

Furthermore, the strain peak is one of the primary characteristics that determine the stress-strain curve
of brickwork under pressure (p). The maximum elongation varies between 0.002 and 0.0032 for prisms and
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Figure 10: Comparison of elastic modulus of masonry prisms and wallette.
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Figure 12: Comparison of peak strain of masonry prisms and wallette.

0.0023-0.0035 for wallets. As a result, various scholars have proposed formulas for calculating maximal defor-
mations based on masonry strength, mortar strength, and modulus of elasticity [31-33].

3.3. Failure mechanisms in masonry

Failure theories established on elastic analysis have been developed for brick masonry on strain compatibility at
brick—mortar interface. The theories do not interpret for nonlinear behaviour of cement mortar [26, 27]. Accord-
ing to these theories, the state of stress established in brick-and-mortar masonry constituents is influenced by
their relative elastic properties. In Indian conditions, the bricks are moderately easier than the mortar in brick
masonry. Suppose the brick—mortar interface bond remains unbroken up to the miscarriage of masonry. In that



[ er | SOUNDAR RAJAN, M.; JEGATHEESWARAN, D.; revista Matéria, v.28, n.1, 2023

Comparison of Ductility of Tested Specimens

21

-
(¥

1.7
mCEl

Peak Strain
-
~J

mCB2
CB3

e
v

-
o

1.1
Prism(M1:3)  Prism (M1:5) Wallette Wallette
(M1:3) (M1:5)

Figure 13: Comparison of ductility of masonry prisms and wallette.

case, the bricks will be beneath triaxial compression, and the mortar will be beneath uniaxial compression and
bilateral tension. In such a condition, the miscarriage of masonry is started by the tensile excruciating of the
mortar in the joint if the brick—mortar bond is unbroken. The mortar miscarriage will then extend to the brick,
causing masonry.

The regular letdown of solid masonry under pressure is well understood from previous studies. The
incompatible elastic properties of the element and the mortar cause cracks in the masonry or mortar elements
parallel to the direction of loading under pressure. All prisms and Wallets failed with vertical cracks parallel
to the load direction on the front and side surfaces of the specimens. Most of the time, the cracks in the mortar
interfaces started around 70-85% of the final failure of the samples. For the safety of the instrumentation, the
test was cancelled after the maximum load was reduced by almost 20-50% due to the samples showing severe
cracks. The axial stress values were calculated by dividing the recorded axial displacements by the gauge length.
The matching stress values from the load measurement were fitted to record the stress curves deformation of
the sample. Under uniaxial compression, both masonry prisms and Wallets displayed quasi-brittle behaviour.

4. CONCLUSIONS

The experimental examination of masonry prisms and Wallets under uniaxial compression is presented in this article.
To evaluate the strength and strain behavior, 30 prisms and 24 Wallets with three different units and three types of
mortar were tested. The experimental data acquired in this inquiry can be used to derive the following findings.

*  According to the empirical connection determined using linear regression analysis, the prism’s compressive
strength is roughly 25% more than the wallette strength. Taking the property factor into consideration,
the compressive strength of the wallette may be safely estimated to be 0.67 times that of the prism why
Masonry standards overstate masonry’s compressive strength, mainly when low-strength units (less than
5 MPa) are applied.

e Prisms and Wallets” modulus of elasticity may be predicted using relationships based on their compressive
strength. Other formulas are proposed to predict the maximum elongation of the prism and the bag under
compression based on the piece and mortar’s compressive strengths.

* A simple stress-strain analytical model for the ascending section of the brick prism and Wallets under
pressure is provided, with a second-order polynomial function for the ascending part and a linear model for
the descending part. The suggested model requires the unit and mortar compressive strengths to create the
stress-strain curves.

*  Using the wallette strength to prism connection presented in this publication, you may convert prism
strength to wallette strength and apply design standards to incorporate it into genuine load-bearing wall
construction. Solid blocks and bricks are the only materials that can be converted, while hollow block
masonry supported by a shell was not considered.
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