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Abstract

Unreinforced masonry structures are highly susceptible to earthquakes damages including in-plane
and out of plane damages. Confined masonry improves the seismic capacity of the structures. Earth-
quake resistant strategies for safe housing are partially effective due to economically nonviable.
Mortar-free construction claims to be better than unreinforced masonry. The current literature re-
search is to have a comprehensive review of relevant past studies to explore the potential utilization
of mortar free interlocking corner joints. This is done by focusing on articles published in highly
reputable journals in last one decade. Corner failures in masonry result due to a combination of in-
plane and out-of-plane behaviors. Absence of vertical load there is flexural dominant behavior prior
to formation of corner. Mortar-free construction allows sliding and rotation in the out-of-plane di-
rection, which significantly reduces structural damage. Scaled down investigation of real corner
joint through shake table testing helps to replicate the real structural behavior.
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1. Introduction

Unreinforced masonry (URM) structures are highly vulnerable to earthquakes. URM build-
ings require comprehensive risk assessment and mitigation for long term serviceability [1]. Out-of-
plane (OOP) collapse as a common failure, influenced by factors like wall dimensions and material
properties [2]. Weak connections, lack of reinforcement, and poor construction practices contribute
to OOP failures [3,4]. The importance of wall connections, often overlooked by traditional methods
[5]. Corner failures in URM due to poor connections and deteriorated materials, urging improved
design and construction practices to prevent such failures [6, 7]. Vulnerabilities of URM structures
through enhanced design, improved construction practices, and risk mitigation strategies is essen-
tial prevent out-of-plane collapses and ensure earthquake resilience.

Mortar-less Masonry Systems (MMS) enhance productivity but require reinforcement for
seismic and cyclonic forces [8]. MMS these systems perform well under gravity and lateral loads,
with block compressive strength crucial for resistance [9]. The potential of Interlocking dry-stacked
masonry for affordable housing, was explored for energy dissipation and ability to withstand mod-
erate seismic actions [10]. Reinforced mortar-less systems with slanted keys offer superior seismic
performance, while interlocking brick walls outperform conventional CMU walls in seismic re-
sistance, with friction aiding energy dissipation [11]. Reinforced mortar-less masonry systems offer
enhanced seismic performance and energy dissipation, making them ideal for affordable and resil-
ient housing solutions.
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Interlocking dry-stacked masonry acts as a sustainable and affordable building material with
potential for future projects [10]. Out-of-plane response as a key factor in seismic vulnerability,
influenced by material properties and wall quality [12]. Corner separation is observed in older
structures due to weak mortar and floor connections. Confined masonry and interlocking dry-
stacked systems improve seismic resilience [13]. RCC confinement and reinforcement enhances
seismic performance by improving energy absorption, reducing damage, and allowing larger dis-
placements with minimal strength loss [14]. Interlocking dry-stacked masonry, when reinforced
with RCC confinement, significantly enhances seismic resilience and sustainable construction.

To the best of author’s knowledge, Corner Joints in Mortar Free Interlocking Block Walls
against Lateral Loading is rarely reported. The aim of this review paper is to explore the potential
of Corner Joints in Mortar Free Interlocking Block Walls against Lateral Loading. For this purpose
the articles published in reputable journal of the last one decade are reviewed in detail for infor-
mation related to Corner Joints in Mortar Free Interlocking Block Walls against Lateral Loading.
First, the corner damages in conventional masonry structures are discussed. Then, emerging tech-
nology mortar free interlocking reinforced masonry structure. Finally, testing of masonry corner
joints is explored.

2. Corner Damages in Conventional Masonry Structure

2.1 Failure in Conventional Masonry Structure

Masonry structures are highly vulnerable to earthquakes. Unreinforced masonry (URM)
buildings are particularly at risk, emphasizing the need for risk assessment and mitigation [1]. Out-
of-plane (OOP) collapse as a common damage type, influenced by factors like wall dimensions,
restoring forces, boundary conditions, and material properties [2]. URM is highly susceptible to
seismic forces, requires risk assessment and mitigation strategies to prevent both in-plane and out-
of-plane failures. It is essential to minimize potential damage and loss of life during earthquakes.

Key factors in OOP failures, such as the lack of horizontal binding elements and weak wall
connections [3]. Several factors contributing to structural damage observed in the field, including
the use of heavy earthen roofs, inadequate wall-to-wall and wall-to-roof connections, lack of verti-
cal and horizontal beams, poor workmanship, and insufficient interlocking between layers [4]. Out-
of-plane failures in masonry structures result from weak connections, insufficient reinforcement,
and poor construction, emphasizing the need for improved design and materials.

2.2 Damages in Wall Corner in Conventional Masonry Structures

Wall connections are very essential in preventing both global and local damage in masonry
buildings. However, this issue is often overlooked, and traditional connection methods continue to
be used. It is crucial to give special attention to these connections [5]. Corner failures in masonry
structures result from a combination of in-plane and out-of-plane behaviors, often rendering struc-
tures unusable. These failures are linked to poor connections, low axial loads, weak materials, and
inadequate workmanship [6]. Corner failures in masonry structures are primarily caused by inade-
quate wall connections, poor materials, and substandard construction practices.

Various brick masonry failures, including corner overturning, out-of-plane separation, crum-
bling, and complete building collapse [7]. Corner separation is common in older URM structures
with deteriorated mortar and weak floor connections [13]. Figure 1 shows damages caused due to
corner failures in Bhutan and L’Aquila earthquakes. Corner failures in masonry structures result
from the combined IP and OOP behaviors of orthogonal walls. Limiting acceleration without ver-
tical loads remains 0.7g in comparison to another study of [16] due to flexural dominant behavior
prior to formation of corner. URM are vulnerable to corner failures during earthquakes, particularly
in older structures with deteriorated materials and weak connections.
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Figure 1. Masonry Failures: a) out of plane, b) in-plane, c) corner [15], d) & e) corner [13] 88
89

Figure 1 a) illustrates out-of-plane damage, while 1 b) depicts in-plane damage. 1 ¢), 1d)and 90

1le) highlights the damage at the corners resulting from both in plane and out of plane damages 91
3. Emerging Strategies Mortar Free Interlocking Reinforced Masonry 92
Structure 93
3.1 Mortar Free Masonry Structures 94

Conventional masonry is labor-intensive, with increasing competition from modern tech- 95
niques. Mortar-less Masonry Systems (MMS), using interlocking units without mortar, reduce la- 96
bor reliance and improve productivity. MMS needs additional strengthening to resist out-of-plane 97
flexure and in-plane shear for seismic and cyclonic forces. Mortar-less interlocking structures per- 98
form better under gravity and lateral loads, with block compressive strength playing a key role in~ 99
resistance and failure. MMS offer a promising alternative but still require reinforcement for extreme 100
forces [9]. MMS enhance performance under gravity and lateral loads, their vulnerability to ex- 101
treme seismic forces requires additional reinforcement to ensure structural integrity. 102

Researchers have developed efficient techniques for earthquake-resistant housing using in- 103
terlocking concrete blocks. Interlocking dry-stacked masonry is an emerging building material with 104
strong potential for future due to its sustainability and affordability in housing [10]. Behavior of 105
reinforced mortar less interlocking brick walls under cyclic loading. The walls, made from a spe- 106
cific type of interlocking bricks with large keys, offer both alignment during construction and en- 107
hanced shear resistance [11]. Reinforced mortar-less interlocking dry-stacked masonry with slanted 108
key designs offers strong earthquake resistance and energy dissipation. 109

3.2 Interlocking Mechanism of Mortar Free Masonry 110

Mortar free masonry using in interlocking mechanism results in dissipation of seismic energy. 111
Unconfined dry stacked block masonry structures can withstand low to moderate seismic actions, 112
with self-interlocking blocks acting as energy dissipating devices to reduce brittle shear failure[10]. 113
Mortar-free construction enhances energy dissipation during seismic events due to relative block 114
movement [17]. Unconfined dry-stacked block masonry with self-interlocking blocks, adhesive 115
paste, and grout offers enhanced seismic energy dissipation, improved shear capacity, strength, and 116
ductility, making it a resilient and cost-effective earthquake-resistant solution. 117

Interlocking mechanism of Mortar free masonry results in dissipation of earthquake energy 118
Interlocking brick walls have higher seismic resistance than conventional CMU walls, with inter- 119
brick friction as the key energy dissipation mechanism [18]. Figure 2 shows interlocking masonry 120
structures used in various studies. MFI (Mortar free interlocking) slide and rotate in OOP direction 121
helps in 25% as compared to conventional masonry dissipation of energy. Mortar free construction 122
enhance energy dissipation during a seismic event due to the relative movement at the block inter- 123
faces. Mortar-free interlocking construction enhances energy dissipation through relative block 124
movement, significantly reducing seismic damage by allowing sliding and rotation in the out-of- 125
plane direction. 126
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a) 127
Figure 2. Mortar free Interlocking Unit and Structure; a) & b) [10], ¢) &d) [8] 128

It is to be noted from the Fig 2. which depicts the different interlocking units used by the 129

researcher in their studies for safe housing and economic housing. 130
4. Testing of masonry corner joints 131
4.1 Strategies for Joints at Corners for Efficient Behavior 132

Interlocking dry-stacked masonry is a promising building material for sustainable, affordable 133
housing, with potential for future growth. Study emphasized that confinement at corners improves 134
the seismic capacity of these structures [10]. Out-of-plane response as a key factor in seismic vul- 135
nerability of masonry, influenced by material properties, wall quality, geometry, and connections 136
[12]. Interlocking dry-stacked masonry with corner confinement improves seismic capacity, while 137
out-of-plane response is influenced by material properties, wall quality, geometry, and connections. 138

Older unreinforced dry-jointed masonry walls often experience corner separation due to weak 139
mortar and floor connections. Both confined masonry and interlocking dry-stacked masonry offer 140
effective solutions for enhancing seismic resilience [13]. Adding RCC confinement, partial rein- 141
forcement, and grouting to hollow concrete block masonry improves seismic performance distrib- 142
uting cracks and reducing damage, allowing for larger displacements with minimal strength loss 143
[14]. Confined masonry, interlocking dry-stacked masonry, and RCC-reinforced hollow blocks en- 144
hance seismic resilience by reducing damage and allowing larger displacements with minimal 145
strength loss. 146

4.2 Testing Techniques to Observe Corner Joint Behavior 147

A study involved the exploration of structural response of half scale pumice concrete masonry 148
building using shake table tests and FE analysis. Frequency values of pumice decrease up to 23.5% 149
and 19.85% for experimental mode. Both experimental and numerical results show damages occur 150
in the same regions. Shake table and FE analysis provide valuable insights into the seismic behavior 151
of structures, with experimental and numerical results confirming that nonlinear FE models effec- 152
tively predict damage locations [19]. The study of pumice concrete masonry buildings emphasizes 153
the importance of simulating real-world conditions to identify seismic vulnerabilities. 154

Interlocking mechanism and connection between bricks provides different resistances to load- 155
ings compared to those of conventional mortar-bonded masonry. The vertical ground motion com- 156
ponent also significantly influences damage due to the rocking response [20]. Shake table and finite 157
element (FE) analysis is helpful in assessing the seismic performance and damage distribution in 158
pumice concrete masonry structures. Interlocking mechanism of pumice bricks provides distinct 159

load-resisting behavior compared to conventional mortar-bonded masonry. 160
Table 1. Prototype model used by researchers in their studies. 161
Sr.No. Method and Findings ;I;,e;: Ref.

Shake table tests on 1/2 scale URM walls under bi-directional

loading show that corner detachments and increased dead load Shake
reduce limiting acceleration from 0.55g to 0.52g, with an over- table
estimation of 31% without vertical loads to [16]

[13]
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References

Experimental, numerical, and analytical studies on masonry

corners show that joint stiffness in full walls can be 2-3 times T'It'

2 . . ing [21]
smaller than in two-block closure tests under horizontal

. Table

pseudo-static loads.
Corner confinement in dry-stacked interlocking masonry in-

5 Creases lateral load capacity by 64% and drift capacity by Shake [22]
288%, enhancing seismic performance through improved en-  table
ergy dissipation, displacement ductility, and stiffness.

4. Discussion

The review highlights that corner joints are highly vulnerable under seismic loading due to
the combined in-plane and out-of-plane forces. Mortar-free interlocking systems show promising
energy dissipation and deformation capacity, especially when confinement is added. However,
standardized testing protocols and full-scale validations are still lacking. Future work should focus
on optimizing joint geometry and reinforcement strategies for improved seismic resilience.

5. Conclusion

This review paper explores the potential of corner joints in mortar free interlocking block
walls against lateral loading as reported in articles published in highly reputable journals. The ob-
jective is to consolidate all published information pertaining to mortar free interlocking block walls
against lateral loading. Drawing insights from this comprehensive literature research, the following
conclusions can be drawn

e Corner failures result from the combined IP and OOP behaviors of orthogonal walls. Lim-
iting acceleration without vertical loads remains 0.7g due to flexural dominant behavior
prior to formation of corner.

o Mortar free interlocking provide a sustainable alternative but require additional reinforce-
ment to resist seismic forces. It slides and rotates in OOP direction helps in dissipation
25% more energy as compared to conventional masonry.

e Scaled Shake table testing confirms the seismic efficacy of interlocking block systems.
Increased dead load reduce limiting acceleration from 0.55g to 0.52g and confinement in
dry-stacked interlocking masonry increases lateral load capacity by 64%.

Corner failures result from combination of in-plane and out-of-plane behaviors. Without ver-
tical loads, flexural dominance limits acceleration to 0.7g. Mortar-free interlocking masonry ab-
sorbs 25% more energy than conventional masonry, enhancing sustainability but requiring extra
strengthening. Shake table tests confirm the seismic benefits of confinement, which increases lat-
eral capacity by 64%, while increased dead load reduces the limiting acceleration from 0.55¢g to
0.52g.
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