
Engineering, Technology & Applied Science Research Vol. 15, No. 4, 2025, 25388-25394 25388  
 

www.etasr.com Benhadji et al.: The Impact of Lime Content in Cement Mortar on the Shear Stress and Ductility … 

 

The Impact of Lime Content in Cement Mortar 

on the Shear Stress and Ductility of Perforated 

Brick Masonry Wallets 
 

Maissene Benhadji 

Built Environment Research Laboratory (LBE), Civil Engineering Faculty, USTHB, Algeria 

maissene.benhadji@gmail.com  

 

Omar Bouksani 

Department of Civil Engineering, Faculty of Technology, Yahia Fares University, Medea Algeria, Built 

Environment Research Laboratory (LBE), Civil Engineering Faculty, USTHB 

omarbouksani14@gmail.com (corresponding author) 

 

Fattoum Kharchi 

Built Environment Research Laboratory (LBE), Civil Engineering Faculty, USTHB, Algeria 

kharchifcong@yahoo.fr 

 

Farid Belhamel 

National Center of Studies and Integrated Research on Building Engineering, Algeria 

belhameldz@yahoo.fr 

Received: 16 May 2025 | Revised: 10 June 2025 | Accepted: 15 June 2025 

Licensed under a CC-BY 4.0 license | Copyright (c) by the authors | DOI: https://doi.org/10.48084/etasr.11024 

ABSTRACT 

The partial replacement of cement with lime can offer significant advantages in restoring historic masonry, 

as traditional mortar compositions were predominantly lime-based. This study examines how 

incorporating lime into jointing mortar affects the shear behavior of masonry wallets subjected to diagonal 

tensile tests. To this end, masonry wallets were constructed using mortars in which lime replaced cement at 

levels of 0%, 10%, 20%, 30%, and 40% by weight. The mechanical properties of the mortars were 

assessed through compressive and flexural strength tests and the shear behavior of the wallets was 

evaluated using diagonal tensile tests. The results indicate that substituting cement with lime increases the 

mortar ductility. Furthermore, the diagonal tensile tests showed that integrating lime into the mortars 

improves the overall performance of the masonry, suggesting that lime could be used as an alternative to 

restore historic masonry structures. 
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I. INTRODUCTION  

Masonry is a traditional construction technique commonly 
found in historical buildings, which is still used in urban and 
rural structures. Like all buildings, masonry structures are 
under the pressure of various loads, such as winds, seismic 
activity, and soil sliding. Authors in [1, 2] examined the 
seismic damage, such as diagonal cracking, joint sliding, and 
brick crushing, in masonry structures as a result of weak bonds 
or inadequate materials, underlying the importance of post-
earthquake damage assessments to understand their structural 
behavior and develop effective repair strategies. Authors in [3-
5] investigated this behavior through experimental shear 
strength tests, including triplet shear tests and diagonal tensile 

tests [6, 7], which provided data and deformation 
characteristics of the masonry walls. Authors in [8-11] showed 
that the shear behavior of the brick masonry depends on the 
bricks, the mortar, and the quality of their bond, which relies on 
the physical and mechanical properties of the brick units and 
mortar, as well as the cohesion and friction within the masonry. 
Using non-standard bricks [12], such as full clay bricks [13], 
calcium silicate bricks [14, 15], ceramic bricks [16], self-
insulating concrete units [17], pumice bricks [18], and regular 
and irregular stone units [19], reduces the shear strength of the 
masonry. Conversely, authors in [20-22] stated that low-
strength mortar has an insignificant impact on the mechanical 
properties of the masonry, while authors in [23, 24] indicated 
that low-strength mortar can reduce the shear strength. 
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However, it has been demonstrated that low-strength mortar 
may enhance the ductility of the masonry compared to high-
strength mortar [25]. Authors in [26, 27] found that, while 
high-strength mortar increases the shear stress in the masonry, 
it reduces ductility, resulting in a more brittle behavior. 
Preserving a historic masonry and building new structures that 
imitate traditional techniques requires the 8utilization of 
compatible bricks and mortar to ensure long-term structural 
integrity. Due to the limited research on the effect of the lime 
content in the mortar on the ultimate drift and displacement 
ductility of perforated brick masonry walls, this study aims to 
advance heritage conservation by partially replacing cement 
with lime. Masonry wall specimens were subjected to diagonal 
tensile testing in accordance with ASTM E 519-02 [28]. This 
research assesses the influence of varying lime content on the 
shear strength, ultimate drift, and displacement ductility. 

II. EXPERIMENTAL DETAILS 

A. Material Properties 

In this study, perforated clay bricks measuring 210 
mm×105 mm×55 mm were used, and the mortar binder was 
composed of a blend of cement and lime. The lime used was of 
the aerial variety, classified as CL70 according to the EN 459-1 
standard [29], with a density of 750 kg/m

3
. Regarding cement, 

it was a CEM II A/42.5, with a bulk density of 1450 kg/m
3
. The 

chemical compositions of lime and cement are presented in 
Table I. Furthermore, the sand utilized in this study was of a 
crushed calcareous nature, with a maximum nominal particle 
size of 5 mm. 

TABLE I.  CHEMICAL COMPOSITIONS OF LIME AND 
CEMENT 

Oxide element Lime (%) Cement (%) 

CaO 73.3 59.7 

MgO 0.5 1.11 

Fe2O3 2 3.81 

SiO2 2.5 18.57 

Al2O3 1.5 4.28 

SO3 0.5 2.43 

Na2O 0.4 0.22 

K2O -- 0.9 

CO2 5 -- 

 

B. Mortar Preparation 

The experiment included five mortar mixes with varying 
percentages of aerial lime (CL70). Lime was used as a partial 
replacement for cement, with substitution levels ranging from 
0% to 40% by weight. For each mix formulation, three 
specimens were prepared and tested to ensure the repeatability 
and reduce the variability in the results. The detailed 
compositions of the different mortar mixes are presented in 
Table II. 

In order to simulate the typical conditions that are 
encountered in the manufacturing of masonry mortar, they/the 
mixtures were prepared manually in two successive 
homogenization steps. Initially, the sand and aerial lime were 
thoroughly amalgamated, then cement was added and the dry 
mixture was remixed to ensure homogeneity. Subsequently, 
water was added gradually, with the mixture being tested until 

its workability was comparable to that of the control mortar. 
The flow time measured using the LCPC workability meter 
ranged from 12 s to 13 s. Subsequent to the completion of the 
mixing sequences, the fresh mortar mixtures were cast into 
40×40×160 mm prismatic molds, which were sealed with 
humid jute sheets for a period of 24 h. The specimens were 
subjected to a curing regimen within a controlled laboratory 
setting at a temperature of 20°C and a relative humidity of 65% 
until the testing phase. 

TABLE II.  MORTAR MIXTURE PROPORTIONS 

Mortar designation 
Materials (g) 

Cement Lime  Sand  Water 

M-L0 450 0 1350 225 

M-L10 405 45 1350 238 

M-L20 360 90 1350 241 

M-L30 315 135 1350 249 

M-L40 271 179 1350 258 

 

C. Testing Method of Mortars 

The mechanical properties of mortars with varying lime 
content were determined at the ages of 7, 14, 28, and 90 days 
after demolding. The flexural and compressive strength tests 
were conducted in accordance with the EN 1015-11 standard 
[30]. Flexural strength tests were conducted on mortar prisms 
with dimensions of 40 mm×40 mm×160 mm. Subsequently, 
the compressive strength of the half-prisms obtained after 
splitting during the flexural test was measured. 

D. Shear Strength Test on Wallets 

To examine the masonry behavior under shear loads, a 
diagonal tensile test was conducted on square wallet 
specimens. Initially, rectangular wallet specimens with 
dimensions of 29 cm by 42 cm were constructed with 1-cm-
thick mortar joints. To ensure the preservation of the joint 
integrity, the specimens were left for a period of 90 days. 
Subsequently, the wallet specimens were cut into square 
specimens measuring 29 cm by 29 cm using a marble saw 
equipped with a diamond blade, as shown in Figure 1. The 
shear strength of the samples was evaluated using a diagonal 
tensile test, in accordance with the ASTM E 519-02 standard 
[28]. The wallet undergoes a 45° rotation, and the diagonal 
tensile load is attributed to a compressive load applied through 
a 50-ton hydraulic jack along one of its diagonals. The test 
setup entailed the usage of two steel loading shoes, strategically 
positioned at the top and bottom corners of the rotated wallet. 
Additionally, two dial gauges were used to assess the 
shortening and elongation of the wallet under shear loading, as 
depicted in Figure 2. To determine the mechanical properties of 
the masonry, the shear stress-shear strain curves were plotted. 
The shear strength  (�)  and shear strain  (���) , shear 
modulus (�), and ductility (	
) were defined as: 

 The shear strength  (�)  is calculated from the diagonal 
load (�) and the net area of the wallets (�
): 

� =
�.���×�

��
     (1) 

where the net area (�
) is calculated as: 
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�
 =
���

�
× � × �    (2) 

where �, ℎ, and � represent the width, height, and thickness 
of the square wallets, respectively. Also, � represents the 
percent of the gross area of the unit that is solid. 

 The shear strain or angular strain (���) is assessed from the 
horizontal elongation (∆� ), the vertical shortening (∆ ), 
and the gauge length (!): 

���  = "# $ "% =
∆&

'(
$

∆)

'*
=

∆&�∆)

'
  (3) 

 The shear modulus (�), also known as modulus of rigidity, 
is defined as the slope of the shear stress-shear strain curve 
in the elastic phase. It is calculated using a secant line 
intersecting the curve at 10% of the maximum shear stress: 

� =
+

,-.
     (4) 

 The Young’s modulus (/)  can be related to the shear 
modulus by: 

/ = 2�(1 $ 2)    (5) 

 The displacement ductility ratio (	
) is defined as the ratio 
of the ultimate diagonal displacement (∆ 
)  and the 

displacement at yield (∆ %) as: 

	
  =
∆)3

∆)*
     (6) 

 The ultimate drift �
 is defined at peak shear stress and is 
calculated by dividing the ultimate diagonal displacement 
by the height of the wallet specimens: 

�
  =
∆


&
     (7) 

where ∆4  represents the diagonal displacement 
corresponding to the ultimate strength, and � is the height 
of the wallet. 

III. RESULTS AND DISCUSSION 

A. Mechanical Properties of Brick Units 

In accordance with the EN 772-1 standard [31], the 
perforated bricks were subjected to compressive and flexural 
strength tests. The values of the compressive strength, flexural 
strength, and modulus of elasticity of the brick units were 
measured and are illustrated in Table III. 

TABLE III.  PHYSICAL AND MECHANICAL 
CHARACTERISTICS OF BRICK UNITS 

Characteristics Values 

Density (kg/m3) 1820 

Compressive strength (MPa) 16.8 

Flexural strength (MPa) 4 

Elasticity modulus (GPa) 14.2 

 

B. Compressive Strength of Mortars 

Figure 3 presents the failure mode of the mortar under 
compressive testing, while Figure 4 portrays the compressive 
strength at 7, 14, 28, and 90 days of curing for mortars 

containing 0%, 10%, 20%, 30%, and 40% lime as a partial 
cement replacement. It has been observed that increasing the 
lime content results in a reduction in compressive strength. For 
instance, at 28 days, the compressive strength of mortars with 
10%, 20%, 30%, and 40% lime decreased by 10%, 23%, 37%, 
and 56%, respectively, compared to the cement mortar with 0% 
lime. 

However, this decrease in compressive strength has a 
negligible effect on the overall bearing capacity of the 
masonry. Authors in [32] found that the compressive strength 
of the mortar contributes only a negligible amount to the 
overall compressive strength of the masonry assemblies. 
Furthermore, the mechanical behavior of the masonry is 
primarily influenced by the compressive strength of the bricks 
themselves rather than that of the mortar [33, 34]. 
Consequently, the mortar serves as a binding agent, while the 
bricks are the primary contributors to the masonry's strength. 

 

(a) 

 

(b) 

 

(c) 

 

Fig. 1.  Wallet masonry specimen: (a) initial manufactured wallet 290mm 

×420 mm, (b) cutting with marble saw, and (c) square specimen 290 cm 

×290cm. 
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C. Flexural Strength of Mortars 

As depicted in Figure 5, the failure mode of the mortar 
under flexural testing is evident. Figure 6 presents the flexural 
strength outcomes at 7, 14, 28, and 90 days of curing for 
mortars that incorporate 0%, 10%, 20%, 30%, and 40% lime as 
a partial replacement for cement. 

 

 
(a) 

 
(b) 

Fig. 2.  Diagonal tensile test devices: (a) horizontal and vertical gauges, 

and (b) metallic shoes. 

 

Fig. 3.  Failure mode of mortar in compressive test. 

 
Fig. 4.  Compressive strength for mortars with different percentages of 

lime at: 7, 14, 28, and 90 days. 

The flexural strength of all cement-lime mortars was found 
to be significantly lower than that of the pure cement mortar. 
At the 28-day mark, the flexural strength of mortars containing 
10%, 20%, 30%, and 40% lime exhibited a decline of 16%, 
31%, 45%, and 55%, respectively, in comparison to the cement 
mortar composed of 0% lime. 

 

 

Fig. 5.  Failure mode of mortar in flexural test. 

 
Fig. 6.  Flexural strength for mortars with different percentages of lime at: 

7, 14, 28, and 90 days. 

D. Stiffness and Ductility of Mortars 

Although the peak compressive and flexural strengths have 
been shown to decrease, Figure 7 demonstrates that increasing 
the lime content enhances the ductility of the mortars. First, 
regarding the initial slope of the mortar curves with and 
without lime, the reduction in Young's modulus indicates a 
decrease in the mortar stiffness. Furthermore, the post-peak 
behavior of the mortars with varying lime content exhibited a 
more gradual softening compared to the cement mortar (0% 
lime), which exhibited brittle failure characterized by a sudden 
drop in stress. The hypothesis that the addition of lime to the 
cement mortar enhances its ductility and flexibility is supported 
by empirical evidence.  Furthermore, the compressive tests 
demonstrated that the ultimate strain increased from 2.8% for 
the mortars with 0% lime to 6.2% for those containing 40% 
lime. In flexural strength tests, the ultimate strain exhibited an 
increase from 0.13 to 0.4%. 

E. Diagonal Tensile of Brick Masonry Wallets 

Figures 8 and 9 show the experimental shear stress-shear 
strain curves and failure modes of the wallet specimens 
subjected to diagonal tensile tests, respectively. 
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(a) 

 

(b) 

 

Fig. 7.  Stress-strain curves at 28 days for mortars with different lime 

content: (a) compressive, (b) flexural. 

 
Fig. 8.  Stress-strain curves for wallets bonded with mortar and varying 

lime content. 

The wallet specimens bonded with cement-based mortar 
(0% lime) exhibited a nearly linear shear stress–strain 
relationship up to a peak shear stress of 0.497 MPa, followed 
by a rebound peak and then a sudden stress drop, indicating 
brittle behavior. This response is likely attributable to the 
inherent fragility of the mortar lacking lime. Conversely, the 
specimens bonded with mortar containing lime exhibited 
reduced peak shear stresses. Specifically, the peak shear stress 
values decreased by 31%, 59%, 69%, and 79%, respectively, 

for the wallets bonded with mortar containing lime contents of 
10%, 20%, 30%, and 40%. This decline in peak stress is likely 
attributable to the reduced mechanical strength of the mortars 
containing lime. However, an increase in the lime content in 
mortars has been observed to enhance the post-peak behavior 
of the masonry, resulting in a more ductile response that can be 
proved advantageous in seismic contexts. The failure mode 
appears to initiate with the deterioration of the horizontal joints, 
subsequently progressing to the involvement of the vertical 
joints. The failure of the horizontal mortar joint corresponds to 
the first peak in the experimental shear stress-shear strain 
curve, while the failure of the vertical joint can be related to the 
second peak. Furthermore, the observed ductility can be 
attributed to the use of mortar containing lime, as well as to the 
interlocking of cracked surfaces along the vertical joints. 

 

 
Fig. 9.  Shear sliding failure in horizontal and vertical joint mortar for 

masonry wallets. 

F. Shear Modulus of Brick Masonry Wallet 

However, despite the reduction in peak shear stress, the 
addition of lime to the mortar enhanced the flexibility of the 
wallets. Figures 10-12 present the shear modulus, drift at peak 
shear stress, and displacement ductility ratio, respectively. 
These figures indicate that the wallets bonded with mortars 
containing different lime contents showed an increase in their 
flexibility. The shear modulus exhibited a decline as the lime 
content in the mortar increased. Specifically, the shear modulus 
of the wallets bonded with cement mortar was 5.2 GPa, but 
decreased to 4.9 GPa, 4.2 GPa, and 2.5 GPa for wallets bonded 
with mortar containing 20, 30, and 40% lime, respectively. 

G. Drift at Peak Shear Stress of Masonry Wallets 

Masonry wallets bonded with mortars containing lime 
demonstrated higher drift at peak shear stress compared to 
those bonded with cement mortar, which exhibited a drift of 
0.15%. Specifically, the drift values observed for the masonry 
with mortar containing 10%, 20%, 30%, and 40% lime were 
0.21%, 0.35%, 0.57%, and 0.72%, respectively. 

H. Displacement Ductility Ratio of Brick Masonry Wallet 

The presence of lime in mortars results in wallet failure at 
larger displacements, which indicates an increase in ductility. 
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Fig. 10.  Shear modulus for wallets bonded with mortar and varying lime 

content. 

 
Fig. 11.  Ultimate drift at peak shear stress for wallets bonded with mortar 

and varying lime content. 

 
Fig. 12.  Displacement ductility ratio for wallets bonded with mortar and 

varying lime content. 

The wallet specimens bonded with lime-containing mortars 
exhibited a gradual loss of shear strength in comparison to 
those bonded with cement mortar, which experienced a sudden 
drop in the shear stress and brittle failure. In accordance to 
previous findings, a displacement ductility ratio of 1.45 was 

observed for masonry wallets bonded with cement mortar. In 
contrast, wallets with cement replaced by 10%, 20%, 30%, and 
40% lime exhibited increased displacement ductility ratio 
values of 2.3, 2.7, 2.9, and 3.2, respectively. 

IV. CONCLUSIONS 

Based on the experimental results, the following 
conclusions were drawn: 

 The mortars containing lime as a partial replacement for 
cement exhibited reduced compressive and flexural 
strengths in comparison with cement-based mortars. This 
decrease was significant as the lime content increased. 

 The mortars with lime exhibited a tendency toward more 
ductile failure modes when subjected to compressive and 
flexural tests, suggesting a partial replacement of cement 
content with lime. 

 The analysis revealed that the specimens bonded with lime-
containing mortars exhibited greater drift at peak shear 
stress compared to those bonded with cement-based 
mortars. This observation suggests an improvement in the 
flexibility of the masonry, possibly attributable to the 
presence of lime in mortar joints. 

 The specimens with mortar containing lime exhibited an 
increase in the displacement ductility ratio with an increase 
in the lime content. Although this suggests a potentially 
beneficial effect of lime on ductility, further testing is 
necessary to verify this observation statistically. 
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