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ABSTRACT. Cost-effectiveness of structures mostly rely on reduction of building materials. Additionally, the
construction time also contributes to economic aspect. Both material and time consumption take part in
making conventional construction expensive. Potential of mortarless construction in local regions of Pakistan
has not been reported in literature. Thus, the aim of this literature research is to have a comprehensive review
of literature about the potential of mortarless construction in local regions. This is accomplished by focusing
on articles published in highly reputable journals in last one decade. Pakistan is currently facing an issue of
housing demand due to 2.4% annual population growth. Mortarless construction being one of the vibrant
techniques has its own pros and cons. Mechanism of interlocking commonly depends on the block shape,
applicable restraints and interfacial angles. Interlocking blocks with lugs and keys have the ability to use their
topology in maintaining the structural integrity. The peripheral boundary of a block is responsible for
maintaining the structural stability by dissipating frictional forces at contact surfaces. Boundary constraints
like lintels and tensioned ropes provide additional integrity to whole structure. The interfacial angle between
interlocked surfaces determines the resistance of block removal against lateral loading. Local regions in Asia
and particularly Pakistan face economic limitations in construction. Practical implementation of mortarless
interlocking structures can be economically beneficial provided sufficient robustness for stability.
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1. INTRODUCTION

Resilience and cost-effectiveness have always been the prime focus of construction industry. Masonry
construction behaves linearly elastic under low stresses but transforms into non-linear elastic after formation of cracks
(1). Concept of topological interlocking is dependent on blocks having keys and grooves that result from segmentation
of monolithic structure and provide a restraining mechanism by neighboring elements. The dissipation of energy at
block peripheries contributes towards structural stability more than a similar monolithic structure. The initiation of
fracture is resisted by block unit and it does not propagate beyond the peripheral boundary of a single block.
Consequently, the joined faces of blocks provide sufficient resistance to in-plane and out-of-plane displacement of
blocks, thus maintaining the structural integrity (2). Geometrical interlocking being relatively similar to topological
interlocking holds the structure intact without tensioning forces.

Transformation of simplified block arrangement to interlocking mechanism has emphasized the importance of
mortarless construction. Energy dissipation through interlocking develops tolerance against out-of-plane loadingand
prevents brittle shear failure (3). Challenges in interlocking structures arise when performance is desired against
dynamic loading. Interlocking mechanism enhances structural integrity by providing tolerance and flexibility in terms
of local failures (4). Topological interlocking holds the structure intact by peripheral and kinematic constraints.
globally and locally, respectively. Estrin et al., (5) discussed the topological interlocking in platonic bodies (identical
faces, regular polygons) and in osteomorphic blocks (concavo-convex contact surfaces) with emphasis on multi-
layered structures.
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Interlocking masonry construction has the prime benefit of cost effectiveness due to absence of bonding material.
Interlocking mechanisms in block elements encourage the avoidance of mortar for construction (6). The primary
advantage of hollow block over solid block becomes the lower consumption of material which makes the block
lightweight (7). Reduction in weight of the structure enhances elastic response against lateral movement.
Underdeveloped regions in Asia have limited resources and manpower for state-of-the-art infrastructure development.
Interlocking masonry construction with reduced cost and semi-skilled labor is a viable option for housing in
underdeveloped regions.

To the best of author’s knowledge, potential of mortarless construction in local regions of Pakistan has not been
reported in literature. Thus, the literature about the potential of mortarless construction in local regions has been
comprehensively reviewed in perspective of structural performance. The study is limited to the relevant literature
produced in past one decade. Construction of mortarless structures with different hollow block shapes has also been
reported to enhance the significance of this research.

2. NEED FOR MORTARLESS STRUCTURES

Conventional construction of masonry structures for housing is the most commonly adopted technique in Pakistan.
The components of these structures include brick/block units with mortar, slabs, lintels and foundations. Presence of
mortar stiffens the structures resulting in restricted displacement and unintended torsion (8). Strength of mortar is
usually lower than brick which leads to initiation of damage from mortar layers (9). Importance of confinement in
masonry walls and coherence of brick-mortar bond has been usually neglected due to unskilled labor. Also, the
significance of connections between walls and slabs is not considered. Considering such issues in masonry structures,
mortarless structures has evolved as a reliable solution. The absence of mortar is often dealt with mechanisms like
interlocking of block units, external or/and internal tensioned ropes. Interlocking structures dominate the conventional
structures by eliminating issues of confinement and connections between different elements. In addition, problems
like shrinkage cracking in mortar are also eliminated.

Another major factor that gives advantage to interlocking mortarless structures is the rapid assembling and
dissembling. Conventional structures require plenty of time at different stages during construction formwork,
concreting and curing, etc. Also, the skillset of labor determines the quality of work produced in term of safety as well
as economy (10). Contrary to that, interlocking mortarless structures require already precast block units for quick
assembling. In addition, requirement of skilled labor for assembling the structure is not necessary. Absence of mortar
decreases the wastage and reduces the influence of workmanship.

Table -1: Comparison of conventional and interlocking masonry construction

Sr.No. | Parameters Conventional Masonry Construction Interlocking Hollow Block Construction
1 Construction | Skilled labor and extensive formwork are Semi-skilled labor and limited formwork is
' constraints | required. required.
2 Construction | Slow construction with intervals due to Rapid construction due to assembling of
' speed onsite concreting and curing. structure with pre-fabricated blocks.

Earthquake | Compromised performance due to inadequate | Better performance due to interlocking effect

resistance lateral resistance. of blocks.
4 Financial Costly due to excessive material usage in Cost-effective due to limited material usage
' aspect solid blocks/bricks, and mortar. in hollow blocks and mortar lessness.

Table 1 shows the advantages of interlocking hollow block construction over conventional masonry construction.
Pakistan being a seismic prone region has a history of major earthquakes. Conventionally constructed masonry
structures are highly vulnerable to damage against seismic activities. An obvious reason is the insignificant resistance
to lateral loading. However, interlocking mortarless structures can provide sufficient resistance to lateral loading by
preventing blocks from sliding over due to provision of shear keys (11). These keys and their interfacial contact
surfaces act as a medium to dissipate frictional forces during lateral movement. Weight of the block amplify the
performance against gravity loading (12) but flexibility in terms of lightweight is desired against in-plane and out-of-
plane movement. Robustness of interlocking structure is also influenced by restraining mechanism to hold the overall
structure intact. Dyskin et al., (13) utilized internal and external tension cables with surcharge beam to improve the
structural integrity and prevent the in-plane and out-of-plane displacement of blocks. The tensioned cables along with
interlocked surfaces provide excessive resistance to horizontal and vertical deformation. The dominant advantages of
interlocking hollow block construction makes it a feasible option to replace conventional masonry construction to
utilize the advantages.
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3. VARIOUS SHAPES OF INTERLOCKING HOLLOW BLOCKS AND THEIR STRUCTURES

Lateral performance of interlocking structure is associated with effective block geometry. Weizmann at al., (14)
discussed topological optimization by reducing the weights of individual block units. The unnecessary use of material
was highlighted as the transfer of forces is only dependent on the contact edges of block. The redistribution of
material within the design limitations enhances the efficiency towards material stresses and strains. The reduced
weight of elements can be cost-effective but the complexity of shape to reduce weight can intensify the fabrication
costs. Li etal., (15) proposed recycled aggregates concrete hollow blocks that could help in improving construction
efficiency by 56% in comparison to ordinary concrete hollow blocks. Topologically interlocked structures are
geometrically constrained through contact and friction of neighboring elements (16). Design of block shape includes
effective horizontal, vertical and inclined area of contact with neighboring blocks, geometry of interlocking key,
inclination angle between adjoining surfaces and planar mass distribution. Inclined faces are the crucial boundaries to
withstand in-plane and out-of-plane displacements through energy dissipation (17).

.
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Fig -1: Full-scale houses constructed using hollow blocks; (a) Thamboo t al., (18), (b) Nasly and Yassin (19),
(c) Imai et al., (20)

Figure 1 shows houses constructed using different shapes of hollow interlocking blocks. Thamboo et al., (18)
reviewed various prospects of designing and constructing interlocking mortarless structures. The recommendations
made were restricted tolerance of blocks for improved construction and surface evenness for better vertical load
resistance. Universiti Teknologi Malaysia developed a system for manufacturing of blocks followed by design and
construction of house (19). The pilot project resulted in favorable outcomes in terms of reduced cost through time and
material saving along with avoidance of high waged skilled labor. Post-project gains included saved cost and time in
terms of material and semi-skilled labor. Imai et al., (20) reported the use of non-engineered houses constructed using
concrete hollow blocks. Lack of feasible design in developing block shape and capacity, absence of restraining
mechanism leads to collapse and casualties. Two house models (engineered and non-engineered) were made using
concrete hollow blocks and were tested against seismic record Kobe 1995. Engineered model performed better with
minor damage in comparison to non-engineered model which experienced consistent failure. Promising mechanical
properties of blocks have confirmed the feasibility of interlocking block structures for practical applications (21).
Interlocking arrangement of blocks prevent rigid body movement without requiring adhesives (22). Development of
block shape for better performance against lateral loading and easy manufacturing at industrial scale needs
comprehensive full-scale experimentation.

4, POTENTIAL APPLICATION IN LOCAL REGIONS

Pakistan being a developing country has limited resources to deal with natural disasters like earthquakes. Also,
construction industry is facing issues, like economic crises (23), labor shortages and resource depletion (24). Severe
damage to human lives and infrastructure has resulted in the past due to poor construction practices and lack of
adequacy in design in local regions. A high level of seismic hazard exists in Pakistan due to active crustal faults (25).
Conventional construction using mud bricks and mortar are commonly employed at large scale without proper
detailing for seismic resilience. These conventionally constructed structures perform sufficiently well under gravity
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loading but fail under the action of earthquakes. This highlights a serious issue of life threat in addition to financial
loss. Mortarless structures with interlocking hollow block mechanism can be a viable solution with the benefits of cost
effectiveness and seismic resilient (26). The rapid population growth in Pakistan with an annual population growth
rate of 2.4% is leading towards extensive housing demand (27). Chart 1 shows the trend of population growth in
Pakistan over a period of 66 years.
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Chart -1: Population growth in Pakistan, Hussain et al., (27)

Interlocking hollow block construction eliminates many on-site factors due to use pre-fabricated block units (28).
Manufacturing of interlocking hollow blocks at industrial scale require specially designed molds with relatively high
precision (29). Provision of restraining mechanism in hollow block shape is an added advantage. Local industries can
be developed in different regions for the manufacturing of hollow blocks. Semi-skilled labor can be utilized for the
construction of single-storey houses using hollow blocks. In seismically active regions, additional tensioning ropes
can be used for restraining block walls and surcharge beams and slabs can withstand the upward movement of
elements. This mechanism of internal as well as boundary constraints can make interlocking structure perform well
against gravity and lateral loading. Cost-effective rapid construction of interlocking hollow block structures through
semi-skilled labor can perform better against earthquakes in comparison to conventional masonry structures (30, 31).
Thus, resource limited environment of local regions in Pakistan needs simplified construction of houses with cost
effectiveness in the form of interlocking mortarless construction.

5. CONCLUSIONS
Mortarless construction of interlocking structures has gained a significant admiration due to better performance
and cost-effectiveness. Pakistan having severely underdeveloped regions with exposure to natural disasters like
earthquakes, needs cost-effective solution for housing. Thus, potential of interlocking mortarless construction has
been reviewed in perspective of Pakistan’s local environment and conclusions have been drawn.
e Interlocking mortarless construction has dominance over conventional construction due to cost-
effectiveness in terms of material saving and semi-skilled labor requirement.
e Performance of interlocking mortarless against lateral loading makes it viable for earthquake resistant
housing.
e Rapid constructability of interlocking mortarless structures eases its adaptability in local region in
comparison to conventional masonry construction.
Future research should be oriented towards design guidelines for construction interlocking mortarless structures
after taking into account the effects of vertical seismic component for practical application in seismically prone local
regions.
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