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Abstract

Mortar free interlocking block systems have gained significant attention as a viable

alternative to conventional masonry for low-rise construction due to their modu-

lar configuration, rapid assembly, reusability, and enhanced seismic performance.

These systems rely on mechanical interlocking rather than cementitious bonding,

allowing controlled joint interaction and improved energy dissipation under dy-

namic loading. Despite these advantages, their structural response in multi-story

configurations, particularly under in-plane harmonic excitation, remains insuffi-

ciently investigated, thereby limiting their adoption in practical structural appli-

cations. This study presents a comprehensive investigation that integrates a crit-

ical review of recent literature with an experimental evaluation of a double-story

mortar-free interlocking plastic block wall system. The experimental program was

conducted on a 1:10 scaled model consisting of 120 blocks arranged in 12 layers

and rigidly fixed at the base. Dynamic properties were established through snap-

back testing, while in-plane response was assessed using shake-table excitation at

frequencies of 0.9 Hz, 1.1 Hz, and 1.3 Hz. Structural response was recorded using

five accelerometers, and the acquired signals were processed using MATLAB and

SeismoSignal to ensure accuracy through noise filtering and baseline correction.

The results indicate that the system exhibits an average fundamental frequency of

approximately 1.1 Hz and damping ratios of up to 5.4%, demonstrating moderate

inherent energy dissipation. The in-plane dynamic response reveals pronounced

frequency-dependent characteristics, with displacement amplification increasing by

71.4% for the SS-SS wall configuration and 54.7% for the DS-SW configuration,

with an average increase of approximately 63%. Similarly, acceleration response

shows significant amplification, with values at 1.3 Hz being 1.67 times higher than

those at 0.9 Hz for the SS-SS configuration and 3.42 times higher for the DS-SW

configuration. Displacement time-history analysis further confirms the frequency-

sensitive behavior, indicating that responses at 0.9 Hz are 1.55 times and 1.7 times

higher than those at 1.3 Hz for the SS-SS and DS-SW configurations, respectively.

Energy dissipation characteristics, evaluated from in-plane base shear displace-

ment relationships assuming an equivalent lumped roof mass, demonstrate that
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the DS-SW configuration consistently outperforms the SS-SS configuration, dis-

sipating 55%, 7%, and 9.3% more energy at excitation frequencies of 0.9 Hz, 1.1

Hz, and 1.3 Hz, respectively. Furthermore, both configurations exhibit enhanced

energy absorption at higher excitation levels, with increases of 1.71 times for the

SS-SS configuration and 1.75 times for the DS-SW configuration at 1.3 Hz relative

to 0.9 Hz. Comparison between experimental observations and empirical predic-

tions indicates good agreement, with deviations ranging from 4.75% to 9.91%,

reflecting the influence of nonlinear contact behavior and interlocking mechanisms

while remaining within acceptable engineering limits. Overall, the findings es-

tablish that double-story mortar free interlocking wall systems exhibit stable and

efficient in-plane seismic performance, characterized by significant frequency de-

pendent response and reliable energy dissipation capacity, thereby supporting their

applicability in sustainable and earthquake-resistant construction and highlight-

ing the need for the development of standardized testing methodologies and design

guidelines for multi story implementations.

Keywords: Mortar-free construction; Interlocking block systems; In-plane

dynamic response; Shake table testing; Dry stack masonry; Seismic performance.
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Chapter 1

Introduction

1.1 Background

The evolving demands of modular, seismic resilient, and sustainable construction

have propelled the development of mortar free systems, particularly those relying

on interlocking block assemblies. These systems offer substantial advantages in

terms of reusability, speed of construction, and resource efficiency by eliminat-

ing the need for cementitious bonding materials. Their dry stack nature allows

for greater ductility and energy dissipation, making them attractive for seismic

zones [2,3]. In addition, the reduced construction time and potential for disassem-

bly and reuse align with circular economy principles, making them ideal for post

disaster reconstruction and environmentally conscious design. However, much of

the research and experimental validation has been limited to single story proto-

types or low rise applications. The extension of these systems into multi story

configurations presents a range of unaddressed structural and dynamic challenges,

especially when subjected to lateral or harmonic loading. Rocking behavior, joint

instability, and the amplification of inter story drift are more pronounced in taller

configurations, demanding careful analysis [4].

Among the most influential and least understood parameters in multi story mortar

free assemblies is the behavior of interlocking joints under dynamic excitation.

1
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While individual block designs such as tongue and groove or dovetail joints offer in

plane restraint, their performance when stacked across floors introduces complexi-

ties related to load transfer and displacement compatibility. In high rise scenarios,

the cumulative effect of minor deformations at each joint can lead to substan-

tial top story displacements, compromising serviceability. Notably, floor-wall joint

interfaces play a critical role in structural integrity, as they facilitate force redistri-

bution between stories and influence overall seismic performance. In conventional

masonry, such joints are monolithic due to continuous bonding, but in dry stack

systems, they behave more like discontinuities. Failure at these joints, through

slippage or uplift, can significantly degrade the structure’s ability to maintain

elastic behavior or recover post shaking [5, 6]. Additionally, variability in block

manufacturing and installation tolerances may exacerbate joint inconsistencies,

further complicating dynamic response prediction.

Despite the increasing interest in interlocking systems, a comprehensive design

methodology that addresses the unique mechanical characteristics of dry stack ma-

sonry is still lacking. Unlike conventional bonded masonry, the absence of mortar

in these systems eliminates tensile continuity, making the mechanical performance

heavily reliant on the geometry and surface interaction of individual units. The

lack of unified international codes or guidelines specific to mortar free systems

further complicates widespread adoption in seismic prone regions. Therefore, this

review not only assesses current technical advancements but also identifies criti-

cal research needs in joint mechanics, multi hazard performance evaluation, and

monitoring technologies that can facilitate safe implementation at scale [7].

To the best of the authors’ knowledge, studies utilizing full scale dynamic testing,

incorporating floor-wall interlocking transitions, and deploying structural health

monitoring (SHM) for multi story mortar free structures are rarely reported. Fur-

thermore, most existing literature focuses on laboratory scale specimens under

simplified boundary conditions, which may not represent the real behavior of tall

structures exposed to multi directional seismic loads. The aim of this research is

to explore the potential of interlocking, mortar free block systems for high rise

structural applications, as reported in the literature. For this purpose, articles

published in highly reputable journals in the last three years are reviewed in detail
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to gather all published information related to their dynamic performance, joint

level mechanics, and current design limitations. First, the application of dynamic

evaluation techniques such as shake table testing and nonlinear simulation for multi

story configurations is discussed. Then, the behavior of interlocking joints, par-

ticularly at floor-wall transitions under lateral and harmonic loading, is reviewed.

Finally, regulatory gaps and the role of modern SHM systems in advancing the

safe adoption of these systems in tall buildings are explored [8]. This review aims

to bridge the existing knowledge gap by highlighting both the opportunities and

limitations of adopting mortar free construction methods in seismic prone urban

environments.

1.1.1 Previous Researches

Research on mortar-free interlocking block systems has predominantly focused

on their application in low-rise or single-story structures, where their modularity

and energy dissipation capacity have demonstrated significant potential in seis-

mic zones. Early studies highlighted the capacity of interlocking units to sustain

rocking and re-centering behaviors under cyclic and earthquake-type loading, con-

trasting with the brittle cracking observed in conventional bonded masonry [2,3].

These investigations established the foundational understanding that eliminating

cementitious mortar not only reduces construction time but also enhances reusabil-

ity and alignment with sustainable, post-disaster construction needs.

Dynamic evaluation methods have been central to past research. Shake table test-

ing, cyclic quasi-static protocols, and nonlinear finite element simulations have

been widely employed to capture rocking mechanisms, uplift behavior, and slip at

interfaces [4,5]. However, these techniques have largely been restricted to scaled or

single-story prototypes, limiting their ability to replicate cumulative drift, grav-

ity load effects, and floorwall interface complexities in tall structures [6]. Nu-

merical models, particularly Discrete Element Method (DEM)-based approaches,

have allowed simulation of block-to-block interactions and joint slip, but the accu-

racy of these models depends heavily on experimental calibration, which remains

scarce [7,8]. At the component level, research has also emphasized the mechanics
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of  interlocking  joints.  Various  joint  geometries  such  as  key  and  slot  and  dove-

tail  have  been  explored  for  their  lateral  resistance  and  energy  dissipation  capacity.

Findings  suggest  that  while  such  joints  improve  shear  performance,  they  are  prone

to  uplift  and  instability  when  scaled  to  multi-story  applications  [9,  10].  Floorwall 

interfaces  have  been  identified  as  critical  weak  points,  as  unconfined  joints  concen-

trate  drift  and  degrade  structural  integrity  under  cyclic  lateral  loads.  Mitigation

strategies  such  as  shear  keys,  dowels,  and  friction-enhancing  treatments  have  been 

proposed,  but  a  standardized  detailing  framework  is  yet  to  emerge  [11,  12].

Another  important  line  of  past  research  concerns  design  codes  and  monitoring.

Current  seismic  design  standards,  developed  for  bonded  masonry,  do  not  recog-

nize  the  unique  mechanics  of  dry-stack  systems.  As  a  result,  designers  are  forced 

to  rely  on  conservative  assumptions,  restricting  broader  adoption  of  mortar-free

systems  in  high-rise  construction  [8].  Structural  Health  Monitoring  (SHM)  has 

been  explored  in  parallel,  with  advances  in  fiber  optic  sensing,  smart  bricks,  and 

wireless  sensors  showing  promise  for  tracking  joint  slip,  rocking,  and  uplift  in  real 

time  [12,13].  Nonetheless,  these  technologies  remain  underutilized,  with  challenges 

persisting  in  differentiating  between  functional  joint  motion  and  damage.

In  summary,  past  research  has  demonstrated  that  mortar-free  interlocking  block 

systems  hold  considerable  promise  for  seismic  resilience,  modular  construction,  and 

sustainability.  However,  their  application  has  remained  limited  to  single-story  or 

small-scale  studies.  The  absence  of  full-scale  multi-story  testing,  standardized 

joint  detailing,  and  performance-based  monitoring  frameworks  continues  to  pose 

barriers  to  their  widespread  adoption  in  tall  buildings.  This  body  of  work  under-

scores  the  urgent  need  for  bridging  experimental,  numerical,  and  regulatory  gaps 

to  transition  these  systems  from  laboratory  prototypes  to  mainstream  structural 

applications.

1.2  Research  Motivation  and  Problem  Statement

Conventional  house  leads  to  loss  of  human  life  due  to  its  damages  under  earth-

quakes.  The  expensive  solutions  are  available  to  safe  human  life  and  houses.
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However, cheaper solutions are desirous in terms of mortar free construction, par-

ticularly multi story construction. This can also benefit in terms of much reduced

rehabilitation cost in case of severe damages and losses.

House walls collapse due to resonance frequency. Less cost solutions are available

in terms of mortar free interlocking construction. This is widely studied for single

story construction, however as per authors best knowledge, no study is available

on multi story construction.

1.2.1 Research Questions

Following are the research questions:

i. How do the fundamental frequency and damping ratio influence the in plane

dynamic response and energy dissipation of mortar free interlocking block

walls under harmonic loading?

ii. How do wall configuration and sequencing, including openings, influence in

plane displacements and energy absorption of prototype mortar free inter-

locking block walls under harmonic loading across varying frequencies?

iii. Which structural and modeling factors contribute to the discrepancies be-

tween experimental results and empirical predictions of in plane behavior in

mortar free interlocking block systems?

iv. How does the in plane behavior of mortar free interlocking plastic block

walls enhance energy dissipation, and what are the implications for designing

earthquake resistant masonry structures?

1.3 Overall Goal of the Research Program and

Specific Aim of this MS Thesis

The specific objective of this study is to critically review and synthesize recent

advancements in the dynamic behavior of double story mortar free interlocking



Introduction 6

block systems. The study particularly focuses on evaluating existing dynamic

testing methodologies, understanding joint level mechanics with special emphasis

on floor wall interaction, and identifying key structural design and long term mon-

itoring challenges. Through systematic consolidation of these aspects, the research

aims to delineate critical gaps in current knowledge and establish a robust founda-

tion for future experimental, numerical, and monitoring based studies, ultimately

contributing to the development of performance based seismic design frameworks

for two story dry stack structural systems.

In this context, the experimental scope is scaled down to a controlled laboratory

configuration, wherein the study specifically investigates the dynamic performance

of double story in plane mortar free interlocking plastic block walls using a locally

developed, low cost 1D shake table. This scaled down experimental approach

enables a focused and controlled assessment of seismic response characteristics

under idealized yet representative dynamic loading conditions, thereby supporting

clearer interpretation of system behavior and governing mechanisms.

1.4 Scope of Work and Study Limitations

This study presents an experimental investigation of the dynamic behavior of a

double-story mortar free interlocking wall configuration subjected to harmonic

loading, with response evaluated in terms of acceleration-time and displacement-

time histories.

The scope of the study is centered on an experimental program conducted on a

prototype innplane double story walls configuration. The fundamental dynamic

properties, including natural frequency and damping ratio, are determined using

snap back testing. Subsequently, uni directional harmonic loading is applied in the

X-direction to simulate controlled dynamic excitation. The structural response is

recorded in the form of acceleration-time histories, which are further processed

to obtain displacement-time histories. These results are used to evaluate the vi-

bration characteristics, stiffness response, and energy dissipation behavior of the

system. Based on the observed response, empirical relationships are developed to
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characterize and predict the in-plane dynamic behavior of the wall configuration

under harmonic loading.

The study limitations arise from the controlled experimental setup. The system

is investigated under uni directional loading only, which does not fully represent

the complexity of real multi directional excitation. The structure is tested on a

fixed base platform, which idealizes boundary conditions and does not account

for soil structure interaction effects. Furthermore, harmonic loading represents a

simplified and controlled form of dynamic excitation that may not fully replicate

actual field conditions.

Overall, this study provides primary experimental evidence on the dynamic re-

sponse of double story mortar free interlocking wall configurations under harmonic

excitation, forming a foundation for further advanced experimental and analytical

developments.

1.4.1 Rationale Behind the Variable Selection

The variables chosen in this study are directly linked to the core challenges of

extending mortar free interlocking block systems from low rise to multi story

applications. Unlike traditional bonded masonry, dry stack systems depend on

joint geometry, surface interaction, and mechanical interlock to resist loads. This

makes parameters such as joint detailing, floor wall interfaces, and dynamic loading

regimes central to understanding their structural performance. Joint configura-

tions strongly influence shear resistance, rocking behavior, and energy dissipation,

but their effectiveness diminishes in taller assemblies where cumulative deforma-

tions can lead to instability. Floorwall interfaces represent another critical variable,

as they govern load transfer between stories and often act as weak points under

seismic excitation. Similarly, loading characteristics such as amplitude, frequency,

and type of excitation dictate the extent of joint opening, uplift, and re-centering

capacity, making them essential for evaluating system reliability. Additionally,

monitoring related variables are necessary to establish whether joint movements

represent safe, functional behavior or actual damage progression. Without incor-

porating these aspects, it becomes difficult to develop reliable performance-based

design and validation strategies.
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By addressing these variables, the study aims to bridge the gap between small scale

laboratory findings and the requirements of real world multi story construction.

This focus ensures that the research directly contributes to developing safer, more

resilient, and scalable mortar free systems for seismic prone environments.

1.5 Brief Methodology

A comprehensive experimental program will be undertaken to evaluate the dy-

namic behavior of interlocking plastic block assemblies, with a particular empha-

sis on intersecting walls and floorwall interfaces. These regions represent critical

structural connections that govern the overall seismic performance of mortarfree in-

terlocking systems. The study aims to simulate realistic inplane loading conditions

and identify the key response parameters influencing stiffness, energy dissipation,

and joint stability under harmonic excitation.

The experimental setup will employ a one dimensional shake table, capable of

applying controlled harmonic base motions to the test specimens. These motions

will simulate seismic excitations at variable frequencies and amplitudes to observe

nonlinear joint behavior, including slip, uplift, and re-centering phenomena. The

interlocking block assemblies will be constructed at a reduced scale using plastic

units that replicate actual geometry and interface characteristics. The floorwall

interface will be modeled using a rigid wooden diaphragm to ensure effective load

transfer between stories.

Instrumentation will include seven accelerometers strategically installed across the

structure: two positioned at the base and top of the floor wall joint to capture

boundary responses, two positioned at top and base of first floor, and three dis-

tributed along the wall panels to record local and global accelerations. The sensors

will be connected to an Arduino based data acquisition system interfaced with

MATLAB for real time recording and initial filtering of acceleration signals. The

recorded acceleration time histories will then be processed using SeismoSignal soft-

ware, which will perform baseline correction, filtering, and numerical integration

to derive displacement time histories. From the processed data, base shear (Q) will

be computed as the product of the effective mass and measured acceleration. The
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corresponding  displacement  data  will  be  used  to  generate  hysteresis  loops,  from

which  energy  dissipation  and  total  absorbed  energy  will  be  determined.  Finally,

the  results  will  be  utilized  to  develop  empirical  equations  capable  of  predicting

the  dynamic  response  of  both  corner  joints  and  floorwall  interfaces  in  interlocking

plastic  block  masonry  systems,  facilitating  improved  design  and  seismic  assessment

methodologies.

1.6  Research  Impact  on  Industry

1.6.1  Research  Novelty  and  Uniqueness

Although  interlocking  construction  systems  have  been  widely  explored  in  previous

studies,  the  majority  of  existing  research  is  limited  to  single  story  configurations

and  static  or  quasi  static  loading  conditions.  The  in  plane  dynamic  response  of

double  story  mortar  free  interlocking  wall  configurations  under  harmonic  loading

conditions  remains  insufficiently  investigated,  particularly  with  respect  to  con-

trolled  experimental  shake  table  studies.  Furthermore,  there  is  a  lack  of  compre-

hensive  understanding  regarding  the  dynamic  load  transfer  mechanisms,  contact

interaction  behavior  and  energy  dissipation  characteristics  double  story  interlock-

ing  assemblies  subjected  to  repeated  cyclic  excitation.

In  this  context,  the  novelty  of  this  research  lies  in  the  experimental  investigation

of  a  double  story  plastic  interlocking  wall  system  under  harmonic  loading  using  a

one  dimensional  shake  table,  which  provides  systematic  and  controlled  insight  into

its  dynamic  structural  response.  This  study  addresses  a  critical  research  gap  by

generating  experimental  evidence  on  the  in  plane  behavior,  deformation  patterns,

and  failure  progression  of  double  story  mortar  free  interlocking  systems  under

dynamic  excitation.  Therefore,  a  clear  research  gap  exists  in  the  experimental

investigation  of  in  plane  dynamic  behavior  of  double  story  mortar  free  interlocking

wall  systems  under  controlled  harmonic  loading.
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1.6.2 Research Significance and Benefit

The significance of this research lies in advancing the understanding of the dy-

namic in plane behavior of mortar free interlocking construction systems under

harmonic loading conditions. By extending experimental investigation to a dou-

ble story configuration, the study enhances current knowledge of structural re-

sponse characteristics such as acceleration amplification, displacement behavior,

and progressive failure mechanisms under cyclic dynamic loading.

This research contributes to the development of safer and more efficient alterna-

tive construction systems by providing experimentally validated insights into the

performance of interlocking wall systems. It also strengthens the knowledge base

in structural dynamics by addressing the limited availability of experimental data

for double story modular interlocking structures subjected to controlled harmonic

excitation. The findings are expected to support further development of innova-

tive, economical, and sustainable housing systems, particularly in the context of

low rise construction technologies.

1.6.3 Practical Implementation

From a practical perspective, the outcomes of this study are directly applicable to

the development of cost effective and rapidly constructible housing systems using

mortar free interlocking technology. The findings may be utilized by construction

companies, housing developers, and contractors engaged in low cost and modular

housing projects, particularly where speed of construction and material efficiency

are critical considerations.

In addition, this research has significant relevance for disaster relief and emergency

housing applications, where rapidly deployable and easy to assemble structural

systems are required. The proposed interlocking system offers advantages such as

reduced construction time, lower material and labor costs, and minimized depen-

dency on skilled labor, making it a viable alternative for scalable housing solutions.

Overall, the study supports the practical adoption of interlocking construction sys-

tems as a sustainable and efficient approach to modern housing challenges.
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1.6.4 National and Global Impact with SDGs Relevance

At the national level, this research contributes to addressing the growing demand

for affordable, rapidly constructible, and resource efficient housing systems, par-

ticularly in developing regions facing urban expansion and housing shortages. The

study supports the advancement of alternative construction technologies that re-

duce dependence on conventional mortar based masonry systems, thereby promot-

ing more economical and efficient building practices. This is particularly significant

for regions where rapid housing provision is required due to population growth or

infrastructure limitations.

From a global perspective, the research contributes to the broader field of sus-

tainable and modular construction systems, which are increasingly being explored

as part of international efforts toward resilient infrastructure development. The

findings address a global research gap in experimentally validated dynamic per-

formance data for double story interlocking wall systems under harmonic loading

conditions, which is currently limited in existing literature. The outcomes of this

study may assist researchers and practitioners worldwide in improving the design,

analysis, and application of interlocking construction technologies, thereby sup-

porting sustainable development goals related to affordable housing and resilient

built environments. The study also aligns with SDG 9 (Industry, Innovation and

Infrastructure) and SDG 11 (Sustainable Cities and Communities).

1.6.5 Research Challenges

The experimental investigation of the in plane dynamic response of double story

mortar free interlocking wall systems under harmonic loading presents several

methodological and technical challenges. One of the primary challenges is the

accurate generation and control of harmonic excitation using a one dimensional

shake table while ensuring consistent repeatability of test conditions across mul-

tiple trials. In addition, maintaining stable and realistic boundary conditions for

a double story interlocking assembly is challenging, as minor variations in sup-

port constraints can significantly influence the dynamic response behavior of the

system.
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A further challenge lies in the instrumentation and data acquisition process, par-

ticularly in capturing precise acceleration and displacement responses at different

levels of the structure under dynamic loading. The system also exhibits complex

nonlinear behavior due to the nature of interlocking plastic blocks, where inter-

face separation, localized slip, and partial loss of contact introduce uncertainties

in load transfer mechanisms. These behaviors represent a research gap in accu-

rately quantifying energy dissipation and contact dependent response mechanisms

in double story interlocking systems under harmonic excitation. Moreover, lab-

oratory scale shake table testing introduces scaling limitations, which makes it

challenging to directly generalize experimental findings to full scale structural ap-

plications. The results are limited to laboratory scale conditions and should be

interpreted considering scaling effects for real life applications.

1.6.6 Ethical and Management Considerations

This research will be conducted in alignment with academic and professional eth-

ical standards. Ethically, care will be taken to ensure transparency in data collec-

tion, analysis, and reporting, with results presented objectively without fabrication

or selective interpretation. Since the study involves laboratory scale experiments,

no direct risks to human participants are involved; however, the safe use of lab-

oratory resources, shake table equipment, and electrical instrumentation will be

ensured through compliance with institutional safety protocols.

From a management perspective, effective time, resource, and team coordination

will be essential. Proper scheduling of specimen construction, instrumentation

setup, and experimental runs will minimize delays and optimize the use of equip-

ment. Materials will be sourced responsibly to avoid unnecessary waste, aligning

the study with principles of sustainability.

In terms of risk management, potential hazards include structural collapse of scaled

models during shake table operation, electrical faults in instrumentation, and shake

table malfunction. These risks will be managed by enforcing strict safety measures,

such as restricting access during testing, providing protective barriers, conduct-

ing regular equipment checks, and having contingency plans for data backup and
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equipment  maintenance.  Fire  safety  and  emergency  response  protocols  will  also

be  in  place.

Overall,  the  study  will  uphold  high  ethical  standards,  ensure  responsible  resource

management,  and  mitigate  laboratory  risks  to  guarantee  a  safe  and  reliable  re-

search  process.

1.6.7  Research  Deliverable,  Sale  and  Marketing  Potential

This  research  will  deliver  experimental  data  and  empirical  models  on  the  seis-

mic  response  of  two  story  interlocking  plastic  block  structures  with  different  block

patterns.  The  findings  can  be  scaled  from  laboratory  testing  to  real  world  ap-

plications,  offering  design  insights  for  modular,  low  cost,  and  earthquake  resilient

construction.  The  marketing  potential  lies  in  the  commercialization  of  interlocking

plastic  blocks  as  a  sustainable,  mortar  free  alternative  to  conventional  masonry,

suitable  for  affordable  housing,  disaster  relief,  and  eco-friendly  urban  development.

1.7  Thesis  Layout

This  thesis  consists  of  six  chapters.  A  brief  outline  of  each  chapter  is  presented

below:

Chapter  1:  Introduction:  This  chapter  explains  the  background  of  the  research,

defines  the  problem  statement,  specifies  the  aim  and  objectives,  and  outlines  the

scope  and  limitations  of  the  study.  It  also  describes  the  research  motivation,

novelty,  and  overall  methodology  adopted  in  the  study.

Chapter  2:  Literature  Review:  This  chapter  presents  a  detailed  review  of  the

previous  studies  relevant  to  this  research.  It  summarizes  the  key  findings  of  existing

work  and  identifies  the  research  gaps  that  led  to  the  present  study.

Chapter  3:  Experimental  Program:  This  chapter  discusses  the  materials,  proto-

type  configuration,  experimental  setup,  instrumentation,  and  testing  procedures

adopted  in  the  current  research  program.
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Chapter 4: Experimental Evaluation: This chapter presents and analyzes the

experimental results, including acceleration time and displacement time responses,

damping ratio, and energy absorption characteristics of the tested corner joint

assembly.

Chapter 5: Discussions: This chapter interprets the experimental outcomes, devel-

ops empirical correlations, and discusses their practical implications for structural

performance and resilience in interlocking plastic block systems.

Chapter 6: Conclusion and Future Work: This chapter concludes the research,

highlights the major findings, and provides recommendations for future studies

based on the outcomes of this investigation. At the end, references are provided.



Chapter 2

Literature Review

2.1 Background

Seismic events generate intense ground motions that often lead to extensive dam-

age in masonry structures. The severity of this damage varies among affected re-

gions but frequently results in the partial or complete collapse of buildings, posing

a serious threat to human life and infrastructure [14, 15]. Masonry constructions,

particularly those in seismically active rural and urban areas, are highly vulnera-

ble due to their heavy mass and brittle behavior [16]. When ground accelerations

are transmitted to the foundation, they induce significant inertial forces, leading

to shear cracking and structural instability within masonry walls [17].

Over the years, numerous researchers have explored different construction tech-

niques to enhance the seismic performance of masonry systems [18, 19]. Con-

ventional bonded brick masonry, while widely used, demonstrates limited energy

dissipation and low ductility under cyclic loading [20]. To address these weak-

nesses, the development of alternative systems such as mortar free interlocking

block assemblies has gained considerable attention [21,22]. These systems aim to

simplify construction, improve reusability, and reduce the selfweight of structural

components [23].

In spite of advancements, the inherent mass and stiffness characteristics of tradi-

tional masonry elements continue to present challenges for seismic resilience [24].

15
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Consequently, ongoing studies have focused on refining the geometry, connection

detailing, and reinforcement strategies of interlocking block systems [25,26]. This

chapter provides a detailed review of literature related to the seismic vulnerability

of traditional masonry, examines recent innovations in interlocking construction,

and evaluates the experimental and analytical investigations conducted to improve

the dynamic performance and structural reliability of such systems under simu-

lated earthquake conditions [27, 28]. Although both in plane and out of plane

failure mechanisms have been reported in the literature, the present study pri-

marily focuses on in plane dynamic behavior of mortar free interlocking block

systems. The out of plane studies reviewed in this chapter are used only for

comparative understanding of seismic failure patterns and for identifying broader

masonry vulnerabilities. The research gap is therefore established mainly from

in plane experimental and analytical investigations, particularly those related to

single story and limited multi story configurations under dynamic loading.

2.2 Transition from Bonded Brick Masonry to

Interlocking Block Construction

2.2.1 Fundamental Seismic Response Mechanisms in Ma-

sonry Walls

In plane and out of plane behaviors represent two fundamental modes of masonry

structural response under lateral loading. In plane behavior refers to loading

acting within the plane of the wall, where resistance is primarily governed by

shear action, diagonal cracking, and racking deformation. In contrast, out of

plane behavior occurs when lateral loads act perpendicular to the wall surface,

resulting in flexural bending, instability, and potential overturning failure. In

plane response is typically associated with shear dominated mechanisms, while

out of plane response is governed by bending and stability loss. The present study

is exclusively focused on the in plane dynamic behavior of mortar free interlocking

block systems.
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2.2.2 Limitations of Conventional Bonded Masonry

Conventional bonded masonry construction has been historically favored for its

simplicity, availability of materials, and predictable load transfer mechanisms. It

relies on mortar s to provide tensile and compressive pathways that ensure the

overall integrity of the structure under static conditions [18]. However, under

seismic or cyclic loading, these mortared s exhibit significant limitations. Brittle

diagonal shear cracking and out of plane failure are common due to the lack of

ductility and energy dissipation capacity [16]. The inability of bonded masonry

to accommodate rocking or controlled displacement leads to sudden collapse, par-

ticularly in upper story walls, where load concentration is more pronounced [14].

Figure 2.1: Damage to Masonry Buildings after Earthquake

Moreover,  once  cracking  occurs,  the  continuous  load  path  through  mortar  s  is

disrupted,  causing  rapid  degradation  of  stiffness  and  strength.  This  vulnerability

was  evident  in  several  earthquake  events  where  bonded  masonry  suffered  partial

or  complete  collapse  due  to  the  monolithic  behavior  of  mortar  s  [17].  Although

various  retrofitting  approaches  have  been  suggested,  including  reinforced  overlays

or  grout  injection,  these  techniques  do  not  address  the  inherent  lack  of  flexibil-

ity.  Consequently,  traditional  masonry  remains  susceptible  to  brittle  failure  when

exposed  to  strong  ground  motions.  Figure  1  illustrates  typical  seismic  damage
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observed in conventional bonded masonry buildings. The left image shows partial

wall collapse due to diagonal shear cracking and out of plane wall failure, while the

right image depicts extensive upper story collapse and loss of vertical load bearing

continuity. Such damage patterns are common in mortared masonry, where brit-

tle failure modes and limited ductility lead to sudden strength degradation under

dynamic loads.

Traditional bonded masonry offers predictable static performance but fails under

seismic or cyclic loads due to brittle cracking and lack of ductility [19]. Mortar’s

restrict controlled movement, leading to sudden collapse [20]. The key gap is its

poor adaptability under dynamic conditions, highlighting the need for flexible,

energy dissipating alternatives [21].

2.2.3 Advantages of Interlocking Block Systems

Interlocking block systems have emerged as an innovative solution to overcome the

structural limitations of traditional bonded masonry [22]. These systems rely on

mechanical interlocking rather than mortar bonding, which allows for dry stacking

and improved energy dissipation during lateral loading [23]. By transferring loads

through geometry and surface friction, interlocking units provide self alignment

and stability without relying on tensile continuity. The absence of cementitious

bonding not only facilitates rapid construction but also enhances reusability and

sustainability [24]. Studies have shown that interlocking masonry exhibits rocking

and re-centering behavior under dynamic loads, thereby preventing brittle failure

and allowing structures to recover post shaking [25].

Furthermore, interlocking systems significantly reduce the need for skilled labor

and construction time compared to mortared masonry, offering advantages for

low cost and post disaster reconstruction scenarios [26]. The modular nature of

these blocks enables adaptability, making them suitable for prefabrication and

reuse within the framework of circular economy principles. However, despite their

potential, research remains primarily focused on low rise and single story applica-

tions. Experimental validation for taller configurations remains scarce, particularly

concerning cumulative drift and slip behavior under seismic excitation [27]. Thus,
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the key research gap is the limited understanding of the dynamic behavior and

scalability of interlocking block systems for multi story structures in seismic prone

regions.

It is important to note that most available experimental and analytical studies

on interlocking block systems primarily focus on single story in plane behavior,

including lateral stiffness, energy dissipation, and rocking response under static,

cyclic, or dynamic loading conditions. These studies provide a strong basis for

understanding the fundamental in plane performance of such systems. However,

limited research has been extended to double story or vertically stacked config-

urations, particularly in terms of in plane dynamic interaction, inter story drift

transfer, and cumulative deformation effects under harmonic excitation. There-

fore, this study extends the existing single story in plane investigations to a two

story experimental model to evaluate the influence of vertical interaction on the

overall in plane dynamic response.

Table 2.1: Comparison between Conventional Brick Masonry and Interlocking
Block Systems

Aspect Conventional
Bonded Brick
Masonry

Mortar free Inter-
locking Systems

Evidence
(2022-24)

Load mecha-
nism

Mortar provide
continuous bonds
tensile/compressive
pathways

Mechanical interlock
+ friction at joints;
no tensile continuity

[3, 28]

Failure mode Diagonal shear
cracking, brittle
collapse

Joint Rocking,
slip/uplift, re-
centering potential

[2, 10]

Construction Moderate; mortar
laying skilled work

Faster; lower skill,
modular assembly

[3, 28]

Sustainability Low (demolition re-
quired)

High (disassembly,
reuse)

[4–6]

Design status Established codes
and drift/limit states

Limited code guid-
ance; need for
performance-based

[20]

Monitoring Damage = undesir-
able; SHM thresh-
olds understood

Movement may be
intentional: SHM
must distinguish

[12]

The comparison in Table 2.1 underscores the fundamental shift in both structural
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philosophy and performance expectations when moving from bonded brick ma-

sonry to mortar free interlocking block systems. While the latter offer notable

advantages in constructability, reversibility, and sustainability, their distinct load

transfer mechanisms, nonlinear behaviors, and lack of standardized design provi-

sions introduce new uncertainties in multi story applications [28]. These differences

not only affect how such systems respond to lateral and harmonic loads but also

necessitate the development of specialized evaluation methods to capture rock-

ing, slip, and uplift phenomena with accuracy. As a result, dynamic testing pro-

tocols, advanced numerical simulations, and hybrid experimental computational

approaches become essential for quantifying these behaviors [29].

Interlocking block systems transfer loads through geometry and friction, enhancing

rocking stability and energy dissipation. They enable rapid, modular, and sustain-

able construction. However, their seismic scalability beyond single story structures

remains underexplored, especially for multi story performance validation.

2.2.4 Challenges in Multi Story Applications

While the advantages of interlocking masonry are well recognized, scaling these

systems to multi story configurations introduces several mechanical and analyti-

cal challenges [30]. In taller structures, minor displacements at each accumulate

over multiple stories, resulting in significant inter story drifts that can compro-

mise serviceability and safety [31]. The complex interaction between vertical and

lateral loads creates nonlinear responses, which are difficult to capture accurately

through conventional finite element modeling [32]. Additionally, variations in block

manufacturing tolerances and surface roughness can lead to inconsistent frictional

resistance, further complicating predictive modeling [33].

A major limitation is the absence of standardized design guidelines or international

codes specific to dry stack masonry [34]. Current masonry design provisions as-

sume monolithic behavior, neglecting the discontinuities and rocking mechanisms

inherent to interlocking systems [35]. This lack of codified procedures results in

conservative designs or reluctance to adopt mortar free technologies in seismic

regions. Furthermore, existing experimental investigations are often limited to
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laboratory conditions that do not replicate realistic boundary effects or gravity

loads. Therefore, the primary research gap lies in the absence of standardized

methodologies and validated design frameworks that address the nonlinear, multi

story behavior of interlocking masonry under dynamic excitation [36].

Extending interlocking systems to multi story use introduces complex stress distri-

butions, nonlinear responses, and significant drift accumulation. The lack of stan-

dardized design codes and full scale validation hinders widespread adoption [37].

Developing reliable analytical and regulatory frameworks remains a priority [38].

2.3 Dynamic Evaluation Techniques for Multi

Story Mortar Free Structures

2.3.1 Shake Table and Quasi Static Testing

Shake table and quasi static testing remain the most direct means of evaluating

seismic performance in masonry systems [39]. Shake table tests simulate real earth-

quake ground motions, allowing assessment of rocking, uplift, and drift behavior

in interlocking assemblies [40]. Quasi static cyclic testing, on the other hand, helps

understand stiffness degradation and hysteretic energy dissipation [41]. However,

most reported experiments have been performed on single story or small scale

specimens, often neglecting the vertical load accumulation and frictional effects

inherent to multi story systems [42].

Figure 2 illustrates a shake table test conducted to assess the seismic perfor-

mance of a reinforced mortar less interlocking brick masonry wall [43]. The test

setup includes a wall specimen mounted between a heavy top mass and a rigid

base (footing), simulating realistic boundary conditions during earthquake loading.

The wall is instrumented with Linear Variable Differential Transformers (LVDTs)

and accelerometers to accurately record lateral displacements and accelerations

throughout the dynamic excitation. The data obtained from such tests are crucial

in understanding the nonlinear behavior and failure mechanisms of dry stack sys-

tems, particularly in multi story applications. This setup aligns with procedures

described by Xie et al. [43], who conducted similar experiments to evaluate the
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seismic response of reinforced mortar less interlocking walls under lateral loading

conditions.

Figure 2.2: Shake Table Test for Interlocking Block Wall

Scaled models are particularly limited in replicating the realistic gravity induced

stresses, leading to inaccuracies in evaluating cumulative drift or uplift at higher

levels [44]. Furthermore, existing protocols vary widely in input motion, damping

ratios, and interface conditions, making results across studies difficult to com-

pare. Although shake table tests demonstrate the ability of dry stack systems

to undergo rocking without collapse, the lack of full scale experiments restricts

validation of their seismic resilience [45]. Hence, a critical research gap persists in

the absence of large scale dynamic testing capable of capturing cumulative drift

and energy dissipation in multi story mortar free systems. Shake table and quasi

static tests provide insight into rocking, uplift, and drift behavior but are mostly

limited to single story or scaled models [46]. These setups fail to capture cumu-

lative drifts and realistic gravity effects. Full scale dynamic testing remains an

essential research need [44–46]. A discussion on the scaled down modelling ap-

proach is included to justify the use of reduced scale specimens in experimental

structural dynamics. Scaling allows the replication of prototype behavior under

controlled laboratory conditions while ensuring geometric and dynamic similarity.

This approach enables the study of structural response mechanisms that would

otherwise be impractical to investigate at full scale.
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2.3.2 Numerical Modelling Approaches

Finite Element (FEM) and Discrete Element Method (DEM) modeling have be-

come essential tools for understanding the dynamic behavior of interlocking ma-

sonry [47]. FEM is effective in simulating global responses and stress distribution

across walls, while DEM captures the motion, slip, and separation of individual

blocks [48]. Nevertheless, these models depend heavily on input parameters such

as friction coefficients, contact stiffness, and damping ratios, which vary across

studies and materials [49]. Since experimental calibration is often based on small

scale tests, predictive accuracy for multi story configurations remains limited [50].

Additionally, DEM models frequently underestimate energy loss and overestimate

re-centering capacity because they do not account for surface irregularities and

imperfect contact [51]. The interaction between floor diaphragms and wall assem-

blies introduces additional complexity, as most models assume rigid or perfectly

bonded connections that do not exist in real dry stack systems [52]. The absence

of standardized modeling protocols makes it challenging to establish consensus

regarding performance prediction. Thus, the major research gap concerns the lack

of experimentally validated, scalable numerical models that accurately represent

slip, uplift, and drift accumulation in tall dry stack structures.

FEM and DEM techniques simulate global and block level behavior but depend

on uncertain input parameters like friction and damping [47–52]. Their predictive

accuracy declines for multi story systems due to limited calibration. Validated,

scalable numerical models are needed for reliable performance prediction.

2.3.3 Hybrid Experimental Numerical Approaches

Hybrid testing methods integrate experimental observations with computational

modeling to provide a more holistic understanding of structural response [51]. By

combining physical shake table data with simulation based extrapolation, hybrid

frameworks can reduce experimental costs while enhancing result accuracy [50].

These approaches are particularly useful for investigating nonlinear behaviors such

as rocking and interface sliding, which are difficult to capture using a single tech-

nique [52]. Recent studies highlight that hybrid testing can effectively model the
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performance of small scale dry stack prototypes under cyclic loads [47]. However,

its application to multi story interlocking block structures remains extremely lim-

ited [44].

Furthermore, hybrid frameworks have not yet been standardized for interlocking

masonry, leading to inconsistencies in model validation and data fusion [45]. The

integration of experimental and numerical data under multi hazard conditions,

such as combined seismic and wind loads, is especially underexplored [49]. These

gaps hinder the development of performance-based seismic design tailored to mor-

tar free systems. Consequently, a clear research need exists for standardized hybrid

experimental numerical protocols that combine physical testing with high fidelity

simulations for multi story dry stack structures [44–49].

Table 2.2: Summary of Seismic Evaluation Techniques and Limitations

Technique Use Limitation Reference

Shake Table Testing Simulates real
earthquakes

Limited to scaled
models; vertical
lacks load fidelity

[4]

Cyclic Quasi Static Lateral load test-
ing

Cannot capture
dynamic effects

[5]

Time History Analy-
sis

Seismic response
modeling

Sensitive to
model calibration

[8, 20]

DEM Simulation Joint slip/uplift
analysis

Limited full scale
validation

[7, 19]

Hybrid Methods Combines test
and simulation

Rare in full scale
use

[6, 26]

Table 2 provides a concise overview of the primary dynamic evaluation methods

used to study multi story mortar free interlocking block structures. It reveals that

while techniques like shake table testing, quasi static protocols, time history sim-

ulations, and DEM are effective for capturing rocking and slip behaviors, they are

predominantly applied to single story or scaled models [46–52]. Limitations such

as poor gravity scaling, sensitivity to interface assumptions, and lack of full scale

validation reduce the reliability of these methods for tall configurations. The table

emphasizes the need for hybrid experimental numerical approaches and standard-

ized parameters to accurately assess the dynamic response of high rise dry stack

systems under seismic and wind loads [47–52].
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Hybrid frameworks combine testing and simulation for improved accuracy in dy-

namic assessment. Despite their promise, applications to interlocking systems

remain rare and unstandardized. Developing integrated hybrid models is crucial

for establishing performance-based design standards.

2.4 Structural Responses of Interlocking Assem-

blies and Floor Walls

2.4.1 Joint Geometry and Load Resistance

The geometry of interlocking s is one of the most critical factors governing lateral

load resistance in mortar free systems. Common geometries include key slot,

dovetail, and tongue and groove configurations, which resist in plane shear through

mechanical interlock and surface friction [53]. While these designs improve energy

dissipation, they remain vulnerable to uplift and slip under strong lateral loads

[54]. The absence of tensile continuity across can lead to progressive separation

between layers, especially in multi story configurations where vertical loads amplify

interface stresses [55].

Experiments show that properly confined with dowel connections or boundary

restraints exhibit enhanced rocking stability [56]. However, these reinforcement

techniques reduce the inherent modularity and reusability of interlocking blocks.

The challenge lies in balancing mechanical confinement with the system’s sustain-

able and reusable nature. Therefore, the current research gap centers on develop-

ing geometries that combine effective uplift resistance and re-centering capacity

without compromising modularity or reusability [53–56].

Table 3 outlines key structural issues associated with interlocking block geometries

and floor walls under lateral loading in multi story configurations. It highlights

that types such as key and slot or dovetail are effective against shear but prone to

uplift and sliding if not properly restrained [53–55]. Floor wall interfaces emerge as

critical zones of stress concentration, with experimental studies showing significant

drift and loss of integrity when unconfined [56]. Although solutions like shear keys
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and dowels have been proposed, the non linear and history dependent nature of

behavior complicates modeling efforts [53–55].

Table 2.3: Critical Focus Areas in Interlocking Masonry Systems

Focus Area Observation / Issue Reference

Joint Geometry Key slot/dovetail shapes resist Shear but risk
uplift/slip

[9, 24]

Floor Wall Joints High stress at interfaces; prone to drift and
detachment

[7, 19]

Interface Weakness Lack of confinement leads to cyclic degrada-
tion

[3]

Proposed Solutions Dowels, shear keys, friction enhancing treat-
ments

[48]

Modeling Limita-
tions

Joint behavior is nonlinear, history depen-
dent

[8]

Simulation Needs Spring dashpot models require calibration
and empirical input

[8]

Geometry largely dictates shear resistance and stability in mortar free assemblies.

While key slot and dovetail designs enhance performance, they remain prone to

uplift and slip. Optimizing shapes for both strength and modularity is a key

research direction.

2.4.2 Floor Wall Interfaces under Cyclic Loading

Floor wall interfaces are critical zones in multi story interlocking assemblies, as

they transmit forces between horizontal diaphragms and vertical walls. Studies in-

dicate that stress concentrations and inter story drift are most pronounced at these

junctions [57]. When unconfined, floor walls experience sliding and detachment,

leading to loss of stiffness and energy dissipation capability [58]. Experimental re-

sults show that introducing shear keys or friction enhancing surfaces can improve

stability but may also complicate disassembly [59].

Since these experience cyclic opening and closing during dynamic excitation, their

behavior is nonlinear and dependent on loading history [60]. Most existing models

oversimplify this interaction, assuming rigid diaphragm behavior, which fails to

capture realistic deformation patterns. Thus, the research gap lies in the lack of

comprehensive experimental and analytical understanding of floor wall mechanics
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under dynamic conditions, particularly in multistory dry stack structures. Floor

wall interfaces face high stress and drift accumulation under lateral loads, often

leading to separation or degradation. Proposed solutions like shear keys and dowels

improve strength but reduce modularity. More experimental validation is needed

for realistic multi story conditions.

2.4.3 Modeling and Detailing Challenges

Accurately modeling the nonlinear behavior of interlocking remains a central chal-

lenge in advancing dry stack masonry. The interaction between vertical load,

friction, and block geometry produces complex hysteretic responses that are diffi-

cult to replicate through simplified numerical models [61]. While spring dashpot

models have been proposed to represent stiffness and energy loss, they require

empirical calibration against experimental data [62]. Existing reinforcement mea-

sures such as dowels and shear keys improve confinement but lack standardized

design formulations [63].

Additionally, the history dependent nature of slip complicates cyclic analysis, mak-

ing fatigue and long term performance predictions unreliable [64]. The absence

of full scale experimental programs means most models remain unverified for tall

configurations. Hence, the research gap is defined by the absence of standardized,

validated detailing and modeling approaches that can accurately predict multi

story dynamic responses in mortar free systems. The nonlinear and history de-

pendent nature of behavior complicates analytical modeling. Current models and

reinforcement proposals lack standardization and large scale validation. Establish-

ing consistent detailing and modeling protocols is critical for high rise applications.

2.5 Governing Parameters Influencing In Plane

Behavior of Structural Wall Systems

2.5.1 Introduction

The in plane behavior of structural wall systems under static and dynamic ac-

tions is governed by the interaction of material properties, geometric configuration,
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loading characteristics, interface response, and global system dynamics. These in-

terrelated parameters collectively control stiffness, strength, deformation capacity,

energy dissipation, and failure mechanisms. Under harmonic and cyclic loading,

the combined effects of inertia, boundary conditions, and interface interactions be-

come particularly critical, necessitating an integrated understanding for accurate

interpretation of structural response [65,66].

2.5.2 Material Properties

Material properties form the basis of in plane resistance and deformation behavior.

The elastic modulus governs initial stiffness, while the shear modulus influences

shear deformation. Compressive strength controls resistance to crushing and di-

agonal compression, whereas tensile strength dictates crack initiation in brittle

systems such as masonry. The damping ratio further governs energy dissipation

and vibration attenuation under cyclic loading. Collectively, these properties de-

fine both the initial response and the evolution of stiffness degradation under

repeated loading [65,66].

2.5.3 Geometric Parameters

Geometric characteristics play a crucial role in governing load distribution and

deformation patterns. Wall thickness enhances stiffness and shear capacity, while

the height to thickness ratio influences slenderness and stability. The aspect ratio

determines whether behavior is predominantly shear or flexure controlled. Open-

ings reduce effective load bearing area and introduce stress concentrations, often

leading to localized damage. Boundary conditions significantly affect displacement

profiles and stiffness distribution, thereby controlling overall structural response

and failure modes [67].

2.5.4 Loading Characteristics Harmonic Behavior

Loading characteristics are critical in defining structural response under dynamic

conditions. The amplitude of excitation governs inertial force magnitude, while

excitation frequency controls resonance effects relative to the system’s natural

frequency. Repeated loading cycles contribute to cumulative damage and stiffness
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degradation. Moreover, the loading mode force or displacement controlled strongly

influences nonlinear behavior and failure progression. Thus, harmonic loading

governs both peak response and the rate of structural degradation [65,68].

2.5.5 Interface Behavior

Interface behavior is particularly significant in dry stacked and interlocking sys-

tems. Friction governs sliding resistance and shear transfer, while interlocking

geometry enhances mechanical stability. Cohesion and bond strength resist sepa-

ration, and contact stiffness influences load transmission. Joint opening capacity

facilitates nonlinear deformation and energy dissipation. Consequently, interface

properties are central to damping behavior, post cracking stability, and overall

system performance under cyclic loading [66,67].

2.5.6 Global Structural System Parameters

At the system level, mass distribution governs inertia forces, while stiffness dis-

tribution controls deformation patterns and mode shapes. Damping regulates vi-

bration attenuation, and natural frequency determines susceptibility to resonance.

Modal participation further defines the contribution of individual modes to overall

response. These parameters collectively integrate local behaviors and ultimately

govern the dynamic stability and performance of the structure [65,68].

2.5.7 Damage and Nonlinear Behavior

The in plane response under cyclic loading is dominated by progressive damage

mechanisms. Crack initiation marks the onset of nonlinearity, followed by stiffness

degradation and strength reduction. Residual strength governs post cracking ca-

pacity, while hysteresis behavior reflects energy dissipation potential. Progressive

softening under repeated loading ultimately leads to failure. Therefore, damage

evolution is fundamental to understanding the nonlinear response and ultimate

performance of structural wall systems [66, 67]. The governing parameters in-

fluencing in plane behaviour are summarized in Table 2.4 based on established

structural dynamics and masonry mechanics literature [65–68].
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Table 2.4 presents a structured classification of the key parameters governing in

plane structural behavior, encompassing material, geometric, loading, interface,

system, and damage related factors. Material and geometric properties primarily

control stiffness, strength, and deformation modes, while loading characteristics

influence dynamic amplifications and resonance response. Interface behavior is

critical in mortar free systems, governing shear transfer, sliding resistance, and

post cracking stability. Overall, system and damage parameters define the global

dynamic performance, including stiffness degradation, energy dissipation, and fail-

ure progression under cyclic loading.

Table 2.4: Key Parameters Influencing In Plane Behaviour of Structural Sys-
tems

Category Key Parameters Influence on In
Plane Behavior

Supporting
Literature

Material Prop-
erties

Elastic modulus, shear
modulus, compres-
sive strength, tensile
strength, damping ratio

Controls initial stiff-
ness, cracking resis-
tance, deformation
capacity, and energy
dissipation under cyclic
loading

[66,68]

Geometric Pa-
rameters

Wall thickness, aspect
ratio, height to thick-
ness ratio, openings,
boundary conditions

Governs stability, stiff-
ness distribution, load
path, and deformation
mode (shear or flexure)

[65,66]

Loading Char-
acteristics

Amplitude, frequency,
number of cycles,
loading type (force/dis-
placement control)

Influences dynamic am-
plification, resonance ef-
fects, fatigue damage,
and nonlinear response
development

[65,68]

Interface
Behavior

Friction coefficient,
interlocking geometry,
bond strength, contact
stiffness, joint opening
capacity

Controls sliding resis-
tance, shear transfer
mechanism, post crack-
ing stability, and energy
dissipation

[66,67]

System Pa-
rameters

Mass distribution, stiff-
ness, damping ratio,
natural frequency, mode
shapes

Governs global dynamic
response, vibration
characteristics, and
resonance susceptibility

[1, 7]

Damage &
Nonlinear
Behavior

Crack initiation thresh-
old, stiffness degrada-
tion, residual strength,
hysteresis energy dissi-
pation

Defines failure pro-
gression, post cracking
behavior, and cyclic
degradation response

[67,68]
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2.6 Summary

The reviewed literature highlights that while mortar free interlocking block sys-

tems offer superior modularity, reusability, and seismic resilience compared to

traditional bonded masonry, their large scale application remains underdeveloped.

Experimental research is mostly confined to small scale or single story models,

with limited validation for multi story configurations. Numerical and hybrid mod-

eling techniques show potential but lack standardized calibration and integration.

Furthermore, the absence of seismic code provisions and tailored monitoring frame-

works hinders their adoption in high rise structures. Overall, significant progress

is needed in full scale testing, detailing, and intelligent sensing integration to es-

tablish performance-based design standards and enable the safe, sustainable use

of mortar free interlocking systems in dynamic environments [1, 63,64,69–72].



Chapter  3

Experimental  Program

3.1  Background

For  the  safe  design  of  structures  in  seismic  regions,  accurate  prediction  of  structural

response  under  earthquake  loading  is  essential.  To  achieve  this,  dynamic  testing  of

prototype  structures  in  laboratory  environments  is  widely  carried  out  worldwide.

This  chapter  focuses  on  the  construction  methodology  of  interlocking  in  plane  (IP)

plastic  block  wall  systems,  the  experimental  setup,  instrumentation  used  for  snap

back  testing,  application  of  dynamic  loading  using  a  shake  table,  evaluation  of  key

response  parameters,  and  the  development  of  empirical  equations  for  performance

prediction.

3.2  Continuation  of  Research  Program

The  concept  of  using  lightweight  construction  systems  to  improve  seismic  perfor-

mance  has  gained  significant  attention  in  recent  years.  In  this  regard,  Khan  [1]

introduced  the  Interlocking  Plastic  Block  (IPB)  system  as  a  suitable  solution  for

earthquake  resilient  residential  buildings.  The  architectural  plan  and  three  dimen-

sional  representation  of  the  proposed  housing  unit  are  illustrated  in  Figs.  3.1(a)

and  3.1(b).  Experimental  investigations  carried  out  on  scaled  down  models  con-

firmed  that  the  proposed  wall  system  exhibits  satisfactory  performance  when  sub-

jected  to  harmonic  loading.  This  behavior  is  primarily  associated  with  the  reduced

32
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self weight of the structure, which directly lowers the inertia forces generated dur-

ing ground shaking.

Material weight and the corresponding inertial forces are among the most critical

factors governing the seismic response of structures. Inertial force is defined as

the resistance offered by a structural system when it is subjected to acceleration

or sudden movement. Based on Newton’s Laws of Motion, particularly the Law

of Inertia and the Action Reaction principle, structures with higher mass tend to

experience larger forces during earthquakes. Consequently, heavier construction

materials are subjected to greater inertia effects compared to lighter alternatives.

As a result, increased mass leads to higher inertia forces, which may cause severe

damage or even collapse under strong seismic excitation. Lightweight systems, on

the other hand, generate comparatively lower inertia forces and therefore perform

better during earthquakes. The IPB system, due to its reduced mass, presents a

promising alternative for minimizing seismic demand and enhancing overall struc-

tural safety [65].

To facilitate the construction of seismically resilient housing, the proposed IPBs

have a base dimension of 150 mm x 150 mm are designed with four interlocking

keys on the top surface, as shown in Fig. 3.1(c). The block used for experimental

work has a height of 62 mm, which includes a 12 mm high interlocking key, as

illustrated in Fig. 3.1(d).

For scaled down construction, the blocks used in this study have dimensions of

62 mm 62 mm with an overall height of 50 mm, including a 12 mm interlocking

key to improve connectivity between blocks, also shown in Fig. 3.1(d). This

investigation is an extension of the study carried out by Khan [1]. The current

study employs square plastic blocks with four keys and a vertical joining key and

groove interlocking system for the construction of the prototype.

In this study, a prototype in plane structure constructed from IPB walls is sub-

jected to dynamic testing. The main purpose of scaled down testing is to develop

specifications applicable to real world systems rather than relying solely on theo-

retical models. The scaling and construction techniques adopted for the prototype

walls are fully based on previously established methods reported in the literature.
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Figure  3.1:  Proposed  mortar  free  interlocking  plastic  block  house:  a)  GF  &
FF  plan,  b)  3D  Isolated  View  c)  Enlarged  bedroom  plan,  d)  Front  and  side  3D view  of

Bedroom  e)Back  and  side  3D  view  of  Bedroom  &  f)  Real  plastic  block
Khan  [1].

The  results  obtained  from  these  studies  contribute  to  a  better  understanding  of

the  behavior  of  full  scale  structures.

The  aim  of  the  current  research  is  to  study  the  dynamic  behavior  of  the  in  plane

walls.  For  this  purpose,  the  time  period  of  the  structure  is  considered  an  important

parameter,  which  mainly  depends  on  the  height  of  the  structure,  as  per  UBC-97.

Therefore,  the  scale  down  approach  is  primarily  applied  to  the  elevation  dimensions

of  the  structural  walls.  It  should  be  noted  that  the  dimensions  of  the  units  used

in  the  prototype  (i.e.,  scaled  down  in  plane  walls  in  mortar  free  IPB  construction)

are  slightly  different  from  the  full  scale  structure.

The  plan  and  elevation  of  the  house  with  the  original  in  plane  consideration  are

presented  in  Fig.  3.2(a).  Fig.  3.2(b)  shows  the  scaled  down  and  simplified  bound-

ary  conditions  of  the  in  plane  wall.  Fig.  3.2(c)  shows  the  scaled  down  in  plane  wall
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in mortar free IPB construction with wall configuration Sequence A and Sequence

B.

The in plane wall is fixed with a base plate using a steel angle section. For the

full scale structure, a wall length of 1350 mm and height of 6000 mm (double

story) are considered. The scaled down prototype uses a length of 450 mm and

height of 600 mm. The wall length in this research is greater than the block return

length. To simulate real world conditions, fixity is ensured at the bottom of the

wall. The in plane wall under consideration is shown in the plan of the house. The

current research focuses on studying the behavior of the in plane wall along the

x direction only, assuming that, due to symmetry, the behavior in the y direction

will be similar.

Figure 3.2: Consideration of In Plane: (a) plan and elevation of house with
original In Plane consideration, (b) scaled down and simplified boundary con-

ditions and (c) In Plane with configuration sequence A and B.
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3.3 Construction of Prototype Scaled Down In

Plane

For the experimental program, a prototype in plane Interlocking Plastic Block

(IPB) wall system was assembled using a total of 120 interlocking plastic blocks

(n = 120). The overall height of the specimen was maintained at 1000 mm,

as illustrated in Figure 3.3. The wall assembly was constructed in two distinct

configurations to evaluate its in plane dynamic response characteristics.

Configuration A comprises both walls constructed entirely with solid blocks at the

ground and first floor levels. In contrast, Configuration B consists of one wall

incorporating a door opening at the ground floor and solid construction at the

first floor level, while the parallel wall comprises solid blocks at the ground floor

and a window opening at the first floor level. The complete wall system consisted

of 12 layers.

To enhance vertical rigidity and ensure effective load transfer throughout the struc-

ture, rubber band restraints were installed vertically from the base to the top

through the central openings of the blocks. A total of five vertical stiffening ele-

ments were provided, including two bands in each wall panel of each floor. These

stiffeners were introduced to improve interlocking efficiency and to control relative

displacement during dynamic excitation.

The base of the specimen was rigidly anchored to the shake table to ensure uniform

transmission of input motion across the structure. No additional mass was applied

at the top of the in plane wall, and the self weight of the assembled wall system

with provided slab was measured as 10.45 kg. To improve overall stability and

delay potential collapse mechanisms, the five rubber band stiffeners were strate-

gically positioned at critical locations along the wall height and at the interface.

This configuration was selected to closely simulate practical construction condi-

tions. Both configurations were tested independently under identical experimental

procedures.

The in plane wall system was laterally restrained on the shake table using angle

sections and nut and bolt connections, enabling controlled simulation of real world
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seismic loading conditions. Dynamic excitation was applied only in the X direction,

while the response in the Y direction was excluded from the scope of this study.

Based on structural symmetry considerations, the behavior in the Y direction is

assumed to be comparable to that observed in the X direction.

The findings of this study are expected to provide valuable insights into the in

plane seismic performance and structural reliability of interlocking plastic block

wall systems, thereby contributing to the development of safer and more resilient

construction practices.

3.4 Test Setup

3.4.1 Snap Back Test Setup and Instrumentation

The Snapback test setup is shown in Figure 3.4. Fig. 3.4(a) shows both the

schematic and actual test setup for Sequence A, while Fig. 3.4(b) shows the

schematic and real test setup for Sequence B. A 400 mm long wire is fixed to the

top of the in plane in the IPB wall to start free vibration. To monitor the dynamic

behavior of the in plane , an accelerometer is installed at the top of the structure.

The free vibration behavior of the in plane is observed by displacing the wall using

the wire and then releasing it, so the system oscillates freely. The in plane made

of IPB wall was displaced twice, first for 25 mm and then for 50 mm.

Tests are performed for both wall configuration sequences, Sequence A and Se-

quence B. Both are pulled in X direction. Behavior in Y direction is assumed

same because of the law of symmetry. Behavior in Y direction is not considered

in this study.

The response of the in plane, constructed from interlocking plastic block walls,

is recorded as acceleration time history using the data from the accelerometer.

Using the logarithmic decrement method, damping ratio (ζ) and the fundamental

frequency (fn) of the system are calculated. For this, the number of cycles and their

maximum acceleration values (amplitudes) are also determined. ζ is calculated

using the formula for the in plane:

ζ =
1

2πN
ln

(
x0
x1

)
× 100 (3.1)
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Where xo and x1 represent the acceleration values of first and last cycle. The

fundamental frequency represents the natural vibration frequency of a structure.

If it is too close to the dominant frequency of an earthquake, resonance can happen,

which can amplify structural vibrations and increase the risk of failure. A properly

designed seismic resistant structure should have a fundamental frequency that

avoids resonance with normal seismic excitations. Frequency that avoids resonance

with typical seismic excitations.

Figure 3.3: In Plane construction details; a) wall configuration sequence A
and b) wall configuration sequence B.

3.4.2 Shake Table Test Setup and Instrumentation

As shown in Figure 3.5, the instrumentation used for shake table testing is illus-

trated through (a) a schematic representation and (b) the actual experimental test
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Figure 3.4: Snapback test instrumentation and testing; schematic diagram
and real test set up for a) sequence A and b) sequence B.

arrangement. The in plane , formed using interlocking plastic block wall panels,

is assembled directly on the shake table with the help of angle sections and nut

and bolt fixings, ensuring proper restraint during dynamic excitation.

For monitoring the dynamic response, a total of five accelerometers were installed

in the testing setup for each wall configuration. One accelerometer was mounted

at the base of the shake table to record the applied ground motion input, while

the remaining four accelerometers were positioned at the top of each wall panel

at both the ground and first floor levels. This instrumentation arrangement en-

abled the measurement of the dynamic response of individual wall panels and

their contribution to the overall structural behavior and potential failure mecha-

nisms. Furthermore, the selected placement facilitated the capture of acceleration

distribution along the height of the wall system under in plane dynamic excitation.

The response of the in plane is primarily evaluated using the acceleration time

history obtained from the sensors. This recorded data is further processed to
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determine the velocity time and displacement time histories by using SeismoSignal

software. These processed results help in understanding the deformation pattern

and overall seismic response of the assembled wall system under dynamic loading

conditions.

Figure 3.5: Shake table instrumentation and testing; schematic diagram and
Dynamic Loading

3.5 Dynamic Loading

3.5.1 Snap Back

For the Snap back test, the in plane in mortar free IPB wall was laterally displaced

by 25 mm and 50 mm at the top using a connected wire. The wire was abruptly
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released to initiate free vibration. The resulting response of the wall was recorded

as acceleration time history data using an accelerometer mounted at the top of

the wall. Both wall configuration Sequence A and Sequence B were tested in X

direction. The response in Y direction is assumed to be similar because of the law

of symmetry, which is currently out of the scope of this research.

Using the logarithmic decrement method, both the damping ratio (ζ) and the fun-

damental frequency (fn) of the in plane in the mortar free IPB wall were calculated

from the acceleration time history data. The Snap back loading magnitudes for

both wall configurations are listed in Table 3.1.

Table 3.1: Snap back loading magnitude

Sr. No. Specimen Loading Dir. Amplitude (mm)

1 A X 25, 50

2 B X 25, 50

3.5.2 Harmonic

Table 3.2 presents the harmonic magnitudes used for the six experimental tests

conducted in this research work. Harmonic excitations are applied at three differ-

ent frequencies, namely 0.9 Hz, 1.1 Hz, and 1.3 Hz, while keeping the displacement

amplitude constant at 25 mm at the in plane of the IPB wall system. In this con-

text, frequency refers to the number of loading cycles per second (Hz), which

governs the rate of cyclic excitation applied to the structure. It is defined as the

reciprocal of the time period of one cycle (f=1/T).

During testing, acceleration time, velocity time, and displacement time histories

are recorded at both the top of ground as well first floor of double story and base

of the shake table, and these records are later analyzed to examine the dynamic

response of the in plane under harmonic excitation. The arrangement of plastic

blocks corresponding to each wall configuration is summarized in Table 3.1. To

avoid the alignment of vertical joints in successive layers, a half plastic block is

introduced, similar to the stretcher bond pattern commonly used in conventional
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brick masonry. Based on this arrangement, two wall configurations are adopted

for the experimental program.

In Sequence A and B, both parallel walls are subjected to in plane loading in

the X direction. In both sequence A and B the in plane wall is rigidly anchored

to the shake table using a steel angle iron section, which helps maintain stabil-

ity and ensures repeatable test conditions throughout the experimental process.

The harmonic loading parameters listed in Table 3.2 are selected based on both

experimental observations and findings reported in earlier studies. In particular,

the dominant frequency of 1.1 Hz is obtained from a Snap back test, indicating

the approximate natural frequency governing the main dynamic response of the

system.

Earlier investigations include the work of Khan [1] on columns, Afzal [73] on solid

walls, and Sudheer and Ali [59] on wall panels with openings, where frequency

intervals of 0.2 Hz, 0.5 Hz, and 0.5 Hz, respectively, were employed. In the present

study, the fundamental frequency (fn) is identified from the Snap back test as

approximately 1.1 Hz, and a frequency range of 0.2 Hz is selected to define the

upper and lower bounds for harmonic excitation.

The imposed harmonic displacement amplitude of 25 mm in the X direction for

both wall configurations, Sequence A and Sequence B, represents a controlled

loading input that aligns with established experimental practices for simulating

realistic dynamic actions. Moreover, the testing arrangement maintains consis-

tent boundary conditions and loading parameters, enabling a reliable comparison

between the two configurations. These selected parameters play an important

role in evaluating how the initial wall positioning influences interaction, dynamic

behavior, and the overall seismic performance of the IPB wall system.

Table 3.2: Harmonic loading magnitude

Sr.
No.

Wall Config. Harmonic
Loading Dir.

Amplitude
(mm)

Frequency
(Hz)

1 Seq. A X 25 0.9, 1.1, 1.3

2 Seq. B X 25 0.9, 1.1, 1.3
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It is noted that stiffness differences between conventional masonry systems and

interlocking plastic block systems are inherent to their material characteristics. In

this study, no artificial modification was applied to equalize stiffness. The experi-

mental program was conducted under consistent boundary conditions and identical

loading configurations for all test cases. The analysis focuses on comparative in-

plane dynamic response parameters, including displacement, frequency, damping

ratio, and stiffness degradation behavior, where stiffness variation is treated as an

inherent property of the system.

3.6 Parameters Evaluated

3.6.1 Parameters Evaluated under Snap Back Loading

Dynamic loading was applied to the in plane at excitation frequencies of 0.9 Hz, 1.1

Hz, and 1.3 Hz. During each test, the structural response was primarily recorded in

the form of acceleration time history, which serves as the basic measured output of

the shake table experiment. These acceleration records reflect the direct response

of the and connected wall segments under harmonic excitation.

The recorded acceleration time data were further processed using SeismoSignal

software. Through numerical integration procedures, the corresponding velocity

time and displacement time histories were obtained. These time histories provide

a clearer understanding of how the in plane moves and deforms with time under

different loading frequencies, especially near the system’s dominant frequency.

In addition to response histories, the acceleration time data were also used to

generate base shear (Q) versus displacement (δ) curves, which are important for

evaluating the dynamic behavior of the . The base shear was calculated using the

relation Q = M x ü(t), where M represents the effective mass associated with the

top portion of the corresponding wall, and ü(t) is the measured acceleration at

a given time. This formulation allows the conversion of inertial forces into shear

forces acting at the base of the.

The resulting Q-δ curves provide useful insight into the stiffness characteristics,

deformation capacity, and hysteretic response of the in plane . These curves also
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help in assessing the energy dissipation behavior under cyclic dynamic loading. By

comparing responses at different excitation frequencies, the influence of loading

rate on performance can be clearly observed.

Overall, the combined use of acceleration histories, derived displacement data,

and base shear displacement relationships enables a comprehensive comparison

of the in plane behavior under varying dynamic conditions. This approach helps

in understanding how the stiffness, deformation demand, and energy dissipation

capacity change with frequency, which is essential for evaluating its performance

under seismic type loading.

3.6.2 Parameters Evaluated under Harmonic Loading

Dynamic loading utilizing frequencies of 0.9 Hz, 1.1 Hz, and 1.3 Hz was applied to

the In Plane , and the structural response was recorded in terms of acceleration

time history. Subsequently, velocity time and displacement time histories were

derived using Seismosignal software through numerical integration.

Additionally,acceleration time data facilitated the development of base shear (Q)

versus displacement curves, where base shear was computed as Q=Mxüt , with M

representing the top acceleration of the corresponding wall. These parameters were

essential in characterizing the dynamic stiffness and energy dissipation capacity

of the In Plane , providing a comparative basis for evaluating performance under

varying excitation frequencies.

3.7 Procedure for Empirical Equation Formation

To understand dynamic response of the in plane in mortar free IPB walls, em-

pirical equations are developed considering the geometry of IPB, block size, wall

height, and input loading parameters based on Khan [1]. The percentage difference

between experimental and empirical values is calculated to assess accuracy.

To reduce discrepancy, a factor of K = 1.14 is applied, improving reliability of the

empirical equations. This refined model provides better prediction of structural
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performance and offers useful insights into IPB wall behavior under dynamic loads,

which can help in optimizing designs for better seismic resilience.

3.8 Summary

This chapter describes the experimental methodology and testing procedures used

in the study. The focus was on testing a prototype in plane made from interlocking

plastic blocks under dynamic loads. The behavior of the in plane was recorded

and compared with results from empirical equations.

Detailed descriptions of test setup and instrumentation are provided, explaining

the equipment and methods used. Parameters evaluated during testing, such

as acceleration, velocity, displacement, damping, and fundamental frequency, are

discussed to understand the factors affecting performance. Special attention was

given to dynamic response, failure modes, and overall behavior of the in plane.

This chapter provides a complete guide to the experimental approach and demon-

strates reliability of the results, forming a foundation for validating analytical and

numerical models in the later part of the study.



Chapter 4

Experimental Evaluation

4.1 Background

In previous chapter, the investigatory methods used for Snap back and dynamic

loading tests were explained in detail along with the parameters that were ana-

lyzed. In this chapter, we focus on the actual experimental findings obtained from

the data recorded during the tests. The main purpose here is to understand how

the In Plane behaves under different dynamic loading conditions.

It is important to clarify that the present experimental investigation was con-

ducted using controlled harmonic loading applied through the shake table, rather

than actual earthquake ground motion records. The harmonic excitation, char-

acterized by sinusoidal input at selected frequencies, was intentionally adopted

to enable a systematic evaluation of the dynamic characteristics of the system,

including frequency dependent response, stiffness degradation, and energy dissi-

pation behavior. Although harmonic loading does not fully replicate the irregular

and multi frequency nature of real seismic excitations, it provides a simplified

and controlled framework to investigate the fundamental dynamic response of the

structure. Therefore, the results obtained from this study are interpreted as rep-

resentative of the structural behavior under idealized dynamic loading conditions,

while offering meaningful insights into its potential seismic performance.

46
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For the analysis, fundamental frequency (fn) and damping ratio (ζ) were calculated

for the In Plane by using the acceleration time history recorded during the tests.

To clean this data and make it more usable, SeismoSignal software was later used.

Using SeismoSignal, the extra noise was filtered out so that the acceleration time

history could be interpreted more accurately. From the same processed data,

displacement time histories were also obtained by numerical integration.

Furthermore, energy absorption for the In Plane was calculated for each loading

frequency. This step is very important because it helps in understanding how

much seismic energy the In Plane can absorb before it reaches any significant

deformation. All of these steps combined give a clear picture of the dynamic

performance of the In Plane made from interlocking plastic blocks. It also provides

insight into how the wall might behave in real earthquake situations.

4.2 Damping Ratio and Fundamental Frequency

Figure 4.1 presents the snap back test response of the in plane IPB wall system. In

these tests, the top of the in plane wall was laterally displaced from its equilibrium

position by two controlled amplitudes, i.e. 25 mm and 50 mm. The displacement

was applied using a chord system and then suddenly released, allowing the struc-

ture to undergo free vibration.

The dynamic characteristics of the system were evaluated using the logarithmic

decrement method applied to the acceleration time history. This method was used

to determine the fundamental frequency (fn) and damping ratio (ζ) of the system.

The damping ratio represents the rate at which vibration amplitude decays, where

a higher value indicates greater energy dissipation capacity and faster attenuation

of vibrations.

The results indicate that the vibration amplitude of the in plane wall decays

rapidly, demonstrating effective inherent damping behavior. This confirms the

ability of the IPB wall system to dissipate dynamic energy, which is an important

characteristic for improving seismic performance.

The quantitative results obtained from the snap back tests are summarized in Ta-

ble 4.1, which presents the variation of damping ratio and fundamental frequency
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Figure 4.1: ü-t from snap back test; a)25mm wall seq. A, b) 50 mm wall
seq.B, c)25mm wall seq.B and d) 50 mm wall seq.B

for both wall configurations (Sequence A and Sequence B) under 25 mm and 50

mm displacement amplitudes. For Sequence A, as shown in Table 4.1, the damping

Table 4.1: Results from Snapback Test

Wall
Configuration

Amplitude
(mm)

Natural
Frequency (Hz)

Damping
(%)

Seq. A 25 1.09 4.5
– 50 1.11 5.4
Seq. B 25 1.12 4.05
– 50 1.14 4.63

ratio increases from 4.5% at 25 mm displacement to 5.4% at 50 mm displacement,

while the corresponding fundamental frequency remains nearly constant, varying

slightly from 1.09 Hz to 1.11 Hz. Similarly, for Sequence B, Table 4.1 indicates

that the damping ratio increases from 4.05% to 4.63% with increasing displace-

ment, while the fundamental frequency shows a marginal increase from 1.12 Hz to

1.14 Hz.
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These minor variations in damping ratio and frequency are expected in experi-

mental systems. They can be attributed to nonlinear material behavior of the

interlocking blocks, localized slip at interfaces, micro cracking effects, and slight

construction imperfections. Boundary conditions and contact interactions also

contribute to these observed variations.

In general, real structural systems do not exhibit perfectly constant dynamic prop-

erties, and small amplitude dependent variations are physically realistic. The

dominant frequency content is consistently observed around 1.1 Hz for both wall

sequences, confirming the stability of the fundamental frequency of the system.

Overall, the results demonstrate that the in plane IPB wall exhibits stable dynamic

behavior, with moderate damping and consistent natural frequency. This indicates

effective energy dissipation and controlled vibration response, which are essential

characteristics for earthquake resistant structural systems.

4.3 Behavior of Prototype In plane under Har-

monic Loading

4.3.1 Behavior in Terms of Acceleration Time and

Displacement Time Histories

The dynamic behavior of the In Plane constructed from interlocking plastic blocks

(IPB wall) was carefully captured using acceleration time histories and displace-

ment time histories over a time period of 40 s to 45 s, as illustrated in Figures

4.2 and 4.3. In these figures, the red solid line represents the base excitation of

base plate, which is the applied input loading. The brown dotted line depicts the

response of top of ground floor of wall 1. The blue line represents the movement

at the top of the first floor wall, while the green dotted line shows the movement

of top of ground floor Wall 2, and the purple dotted line indicates the in plane

movement of top of first floor Wall 2.

To capture the distributed response of the system, five sensors were installed at

critical locations along the prototype. Sensor 1 was placed at the base plate to
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Figure 4.2: Ü-Time history of in plane double story

record the input base excitation. Sensor 2 was installed at the ground floor (GF)

of Wall 1, while Sensor 3 was positioned at the top floor (FF) of Wall 1. Similarly,
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Figure 4.3: Ü-Time history in plan double story

Sensor 4 was placed at the ground floor of Wall 2, and Sensor 5 was installed

at the top floor (FF) of Wall 2. This arrangement enabled detailed monitoring

of base motion, inter story transfer behavior, and top amplification effects under

harmonic loading conditions.

The recorded response data clearly distinguish between the imposed base excita-

tion and the structural response at different levels of the system. For analytical

purposes, the average acceleration and displacement at the base (denoted as ü-

b, ù-b, and u-b, respectively) were considered as the applied loading, while the

acceleration and displacement at the top (denoted as ü-t, ù-t, and u-t, respec-

tively) were taken to represent the actual dynamic response of the structure. This

formulation provides a consistent framework for evaluating input and output re-

lationships under harmonic excitation.

The recorded acceleration data were processed using SeismoSignal software to

derive displacement time histories from raw acceleration signals, enabling a more

comprehensive assessment of the system’s dynamic characteristics.
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The shake table generated controlled harmonic excitation at 0.9 Hz, 1.1 Hz, and 1.3

Hz with nearly uniform amplitude across cycles, ensuring consistent and repeatable

loading conditions.

Table 4.2: In Plane Displacement Response of Double Story Wall Configura-
tion under Harmonic Loading

Wall Struc-
ture

Freq. (Hz) IP (mm) Percentage
Impact

Seq A 0.9 21.0 -
1.1 29.0 +38.1%
1.3 36.0 +71.4%

Seq B 0.9 22.5 -
1.1 28.6 +27.1%
1.3 34.8 +54.7%

The results indicate a clear frequency dependent behavior in both displacement

and acceleration responses. The in plane displacement contribution decreases with

increasing frequency, indicating reduced participation of global deformation at

higher excitation levels. This trend is clearly reflected in Table 4.2, where Se-

quence A shows a 71.4% increase in displacement at 1.3 Hz compared to 0.9 Hz,

while Sequence B exhibits a 54.7% increase over the same range. On average, this

corresponds to an approximate 63% increase, confirming strong frequency depen-

dent amplification of in plane displacement under harmonic loading conditions.

In contrast, acceleration demand at the top of the specimen increases significantly

with frequency. For Wall Configuration A, the acceleration response at 1.3 Hz

is 1.67 times higher than at 0.9 Hz, while for Wall Configuration B, the increase

is more pronounced, reaching 3.42 times. This indicates that Configuration B

is more sensitive to higher frequency excitation and exhibits stronger resonance

related amplification compared to Configuration A.

The displacement time histories further confirm that lateral deformation increases

with excitation frequency, indicating a reduction in effective in plane stiffness under

higher dynamic demand. Sequence dependent behavior is also observed, where

Sequence B generally exhibits higher displacement values compared to Sequence

A.
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The observed behavior suggests that repeated harmonic loading induces progres-

sive stiffness degradation, primarily due to localized sliding and interface slip

within the interlocking block connections. These mechanisms reduce frictional

resistance and contribute to nonlinear structural response under dynamic loading.

Despite frequency dependent stiffness reduction and localized deformation, the in-

terlocking plastic block system demonstrates stable dynamic performance without

brittle failure. The friction based interlocking mechanism provides inherent energy

dissipation capacity, enabling controlled deformation and gradual attenuation of

oscillations.

Overall, the results indicate that the prototype in plane wall exhibits higher dis-

placement participation at lower frequencies, while acceleration amplification dom-

inates at higher frequencies, particularly in Configuration B. This confirms that the

system is sensitive to frequency variation and near resonance effects, yet maintains

satisfactory dynamic stability due to its inherent energy dissipation characteristics.

4.3.2 Base Shear - Displacement Curves and Energy

Absorption

The energy dissipation behavior of the in plane wall was evaluated using base

shear displacement (Q-M) hysteresis curves, as shown in Figure 4.4. This figure is

presented at this point because it directly represents the force deformation response

of the system under cyclic harmonic loading.

For analytical purposes, the total mass of the structure was assumed to be concen-

trated at the top of the wall, and the base shear was computed using the measured

top acceleration response as:

Q = M x üt

Where:

Q = Inertial force (also representing base shear or dynamic force demand)

M = Mass of the structure

üt = Acceleration at the top of the in plane wall (structural response acceleration)
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Figure 4.4: Q-4 curves of in plan double story

In the present experimental setup, a plywood slab was used as a rigid loading

platform to represent the lumped mass at the top of the structure. The slab was

assumed to behave as a rigid body, ensuring uniform distribution of mass and

consistent transfer of inertial forces to the wall system. It is important to note

that the inertial force developed in the system is directly proportional to the mass

of the slab. Therefore, any increase in slab weight would result in a corresponding

increase in base shear demand and displacement response. This highlights the

significant role of mass in governing the dynamic behavior of the system under

harmonic excitation.

The resulting Q-M relationship shown in Figure 4.4 illustrates the cyclic force de-

formation behavior of the walls. The enclosed area within each hysteresis loop

represents the energy dissipated during one loading cycle, while the cumulative

area represents the total energy absorbed over multiple cycles of harmonic ex-

citation. The shape and stability of the loops also provide insight into stiffness

degradation and frictional sliding within the interlocking mechanism. A gradual
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widening of loops with increasing frequency indicates enhanced energy dissipation.

It is important to note that the peak base shear values observed from the hysteresis

curves indicate that the shear resistance of the mortar free interlocking system is

relatively lower compared to conventional bonded masonry systems. This reduc-

tion is primarily due to the absence of mortar bonding, which eliminates tensile

continuity and reduces the overall shear transfer mechanism. Instead, the system

relies on frictional resistance and mechanical interlocking between blocks, which

allows controlled sliding and rocking at the interfaces. Although this leads to a

reduction in peak shear resistance, it significantly enhances ductility and energy

dissipation, as reflected by the stable and widening hysteresis loops. This behavior

prevents sudden brittle failure and promotes a more stable and resilient structural

response under dynamic loading conditions.

The equivalent damping ratio was calculated using the following expression [62].

ζ =
1

2πN
ln

(
x0
x1

)
× 100 (4.1)

Table 4.3: Energy absorption under harmonic loading

Wall Freq.
(Hz)

Mean
Energy
per Cycle
(Nm)

Number
of
Cycles

Total
Energy
(Nm)

Equiv.
Damping
(%)

Seq A 0.9 4.3 78 367 19.9
1.1 19.5 96 1874 20.28
1.3 22.6 122 2760 20.35

Seq B 0.9 8.4 67 569 19.72
1.1 21.49 81 1741 22.04
1.3 27.67 109 3017 22.23

As also evident from Figure 4.4, the area enclosed by the hysteresis loops increases

with excitation frequency, confirming higher energy dissipation at higher loading

rates. This trend is consistent with the numerical results presented in Table 4.3.

The results show that energy absorption increases significantly with excitation

frequency. For Sequence A, total energy increases from 367 Nm at 0.9 Hz to 2760

Nm at 1.3 Hz, while Sequence B increases from 569 Nm to 3017 Nm over the same

range.
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Sequence B demonstrates higher energy dissipation compared to Sequence A, par-

ticularly at lower frequencies. However, both configurations follow a similar in-

creasing trend with frequency. The equivalent damping ratio remains relatively

stable between approximately 20% and 22%, indicating consistent energy dissipa-

tion performance.

The increase in energy dissipation observed in Figure 4.4 is attributed to enhanced

cyclic deformation, increased frictional interaction between interlocking blocks,

and progressive sliding at contact interfaces. These mechanisms contribute to

stable hysteretic behavior and prevent sudden brittle failure, thereby improving

the dynamic performance of the system.

4.4 Summary

This chapter presented an experimental investigation of the dynamic behavior of

a prototype in plane system constructed using mortar free interlocking plastic

blocks (IPB). The system was tested under controlled harmonic excitation us-

ing a shake table at three excitation frequencies (0.9 Hz, 1.1 Hz, and 1.3 Hz)

to evaluate its frequency dependent response. The raw acceleration time history

data were processed using SeismoSignal software to remove noise and improve sig-

nal clarity. Velocity and displacement time histories were subsequently obtained

through numerical integration, providing a complete representation of the struc-

tural response. In addition, base shear displacement (Q-M) hysteresis curves were

developed to assess energy dissipation characteristics of the system.

The snap back test results indicated stable dynamic properties, with the funda-

mental frequency remaining nearly constant at approximately 1.1 Hz and damp-

ing ratios ranging between 4% and 5.5%. Under harmonic loading, the system

exhibited clear frequency dependent behavior, where both displacement and ac-

celeration responses increased with increasing excitation frequency. This response

is attributed to gradual stiffness degradation and localized nonlinear effects, in-

cluding interface slip and frictional sliding between interlocking blocks.
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The energy dissipation capacity of the system increased with excitation frequency,

as evidenced by the progressive enlargement of hysteresis loop areas. The equiva-

lent damping ratio remained relatively stable in the range of approximately 20%

to 22%, indicating consistent dissipation performance across loading conditions.

Although the peak base shear capacity of the mortar free system is lower than that

of conventional bonded masonry, this reduction is offset by enhanced ductility and

controlled deformation mechanisms governed by frictional interlocking and sliding

behavior.

Overall, the experimental results confirm that the in plane IPB wall system ex-

hibits stable dynamic performance, effective energy dissipation, and frequency

sensitive response characteristics without structural instability. The observed be-

havior demonstrates the potential of mortar free interlocking systems as ductile,

energy efficient, and earthquake resilient structural solutions under dynamic load-

ing conditions.



Chapter  5

Discussions

5.1  Background

This  chapter  provides  a  detailed  examination  of  the  dynamic  response  of  inter-

locking  plastic  block  (IPB)  walls  when  subjected  to  in  plane  harmonic  loading.

The  evaluation  is  founded  on  experimentally  obtained  response  histories,  includ-

ing  acceleration,  velocity,  and  displacement  as  functions  of  time,  together  with  the

corresponding  base  shear  displacement  (Q-δ)  relationships.  The  experimental  

in-

vestigation  demonstrates  that  the  IPB  wall  system  exhibits  considerable  capacity

for  energy  dissipation  under  in  plane  loading  conditions.  To  assess  the  reliability  of

predictive  methodologies,  the  experimental  findings  are  systematically  compared

with  values  estimated  through  empirical  formulations.  The  discrepancy  between

the  experimentally  measured  responses  and  the  empirically  predicted  values  is  ex-

pressed  in  percentage  form,  enabling  a  quantitative  assessment  of  the  accuracy  and

practical  applicability  of  the  empirical  models  in  predicting  the  in-plane  behavior

of  the  system.

5.2  Formation  of  Empirical  Equations  consider-

  ing  Geometrical  Parameters,  Structure  Be-

  havior  and  Input  Loading  Conditions

Empirical  equations  are  widely  employed  to  estimate  the  dynamic  response  of  in-

plane  (IP)  walls  of  double-story  interlocking  plastic  block  (IPB)  structures,  partic-

ularly  when  analytical  solutions  are  difficult  due  to  complex  interactions  betwee

58
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blocks. In this study, the formulation builds upon prior work by Khan [6], which

accounts for block geometry, wall height, and applied lateral loading. To improve

predictive accuracy for the double-story wall, additional parameters reflecting the

wall’s height, number of blocks, and base dimensions were incorporated.

The dynamic response at the top of the in-plane wall can be estimated using the

following empirical relations:

üt = K
h2n

a
mk(1 + 2n)üg (5.1)

u̇t = K
h2n

a
mk(1 + 2n)u̇g (5.2)

ut = K
h2n

a
mk(1 + 2n)ug (5.3)

For the current double-story wall, the IPB dimensions are 62 mm 62 mm, ar-

ranged in 12 layers with a total of 120 blocks. A coefficient K=1.14K was selected

to minimize the discrepancy between empirical predictions and experimental mea-

surements.

Table 5.1 presents a comparison between experimental observations and empirical

predictions for the in-plane wall. Previous studies have reported different values

of K depending on wall geometry and loading conditions: Khan [1] used 1.05,

Afzal [73] reported 0.45, and Sudheer and Ali [57] used 0.5 for columns and out-

of-plane walls.

In the current study, the percentage differences between experimental and empiri-

cal values ranged from -4.75% to -9.91%, reflecting the complex structural behavior

of mortar-free IPB walls. For instance, at 0.9 Hz (sequence A), the experimental

acceleration was 0.13g, whereas the empirical prediction was 0.1365g (-4.79%),

with velocity and displacement deviations of -4.79%. At 1.3 Hz (sequence B), the

experimental acceleration was 0.58g, and the empirical value was 0.6317g (-8.18%),

with corresponding velocity and displacement differences of -9.91%. These results

indicate that, despite moderate deviations, the empirical equations provide a rea-

sonable approximation of the in-plane dynamic response of double-story IPB walls,

which can be effectively used for preliminary design and structural analysis [63,64].
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Table 5.1: Variation in experimental and empirical values for In Plane of
interlocking plastic block wall

PercentageEmpiricalExperimentalResponseFreq.

DifferenceValuesValues(Hz)

Seq. A

-4.790.13650.13Acceleration (g)0.9

-4.7952.198149.7Velocity (mm/s)–

– Displacement
(mm)

-4.7922.475621.4

-6.160.51150.48Acceleration (g)1.1

-2.22167.8342164.1Velocity (mm/s)–

– Displacement
(mm)

-4.7931.087829.6

-9.490.62980.57Acceleration (g)1.3

-6.16337.3953316.6Velocity (mm/s)–

Displacement–
(mm)

-6.1638.684336.3

Seq. B

-8.940.28550.26Acceleration (g)0.9

-8.9454.031049.2Velocity (mm/s)–

– Displacement
(mm)

-8.9421.304919.4

-4.750.43040.41Acceleration (g)1.1

-5.46175.8005166.2Velocity (mm/s)–

– Displacement
(mm)

-5.6138.457436.3

-8.180.63170.58Acceleration (g)1.3

-9.91363.3120327.3Velocity (mm/s)–

Displacement–
(mm)

-9.9142.514138.3

5.3  Comparison  of  Prototype  Single  Story  and

  Double  Story  Structure  Behavior

The  use  of  harmonic  excitation  generated  through  a  locally  fabricated  shake  table

provides  a  controlled  and  repeatable  method  for  simulating  base  motion  in  exper-

imental  investigations.  Although  simplified  compared  to  advanced  multi  axial
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Table 5.2: Comparative Assessment of Previous Studies and Present Investi-
gation

In Plane

Behavior

Parameter

Previous Research Present Research

Scope of in plane

response

Predominantly focused on

global or single wall in plane

response under seismic or

cyclic excitation [72,74]

Dedicated evaluation of in

plane dynamic response at a

two story structural scale

Loading charac-

terization

Broad spectrum, seismic, or

cyclic loading with limited

control over excitation fre-

quency content [68,72]

Prescribed harmonic excita-

tion enabling controlled, fre-

quency specific response as-

sessment

Structural config-

uration

Simplified wall assemblies or

single story systems typically

considered [72]

Double story configuration in-

corporating inter story inter-

action effects

Governing defor-

mation mecha-

nism

Frictional sliding and inter-

mittent contact at block in-

terfaces dominate lateral re-

sponse [68,74]

Friction driven interlocking

interaction governs stable in

plane deformation behavior

Mass inertia influ-

ence

Higher mass systems induce

increased inertial demand and

reduced dynamic responsive-

ness [68,74]

Reduced mass system exhibits

enhanced dynamic sensitivity

and responsiveness

Energy dissipa-

tion mechanism

Dissipation primarily through

frictional slip and hysteretic

interface behavior [74]

Controlled frictional dissipa-

tion facilitated by interlocking

geometry under cyclic excita-

tion

Confinement and

pre compression

effect

Pre tensioning using fiber

based confinement enhances

stability but restricts inter

block movement, leading to

reduced frictional energy dis-

sipation capacity [68]

Elastic confinement provides

controlled pre compression

while allowing limited inter

block mobility, resulting in

improved energy dissipation

without compromising struc-

tural stability
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Table 5.2: Continued from Previous Page

In Plane

Behavior

Parameter

Previous Research Present Research

In plane stiffness

evolution

Progressive stiffness degrada-

tion observed under repeated

cyclic loading [68,72]

Stiffness response assessed un-

der steady state harmonic

conditions with emphasis on

response stability

Damage evolution Localized cracking, joint

opening and interfacial degra-

dation reported at elevated

drift levels [68]

Structural response main-

tained within serviceability

limits without visible in plane

damage

Frequency re-

sponse character-

istics

Resonance effects reported

but not systematically iso-

lated or quantified [68,74]

Clear identification of fre-

quency dependent response

and resonance behavior under

controlled excitation

Instrumentation

strategy

Multi sensor configurations

used to capture distributed in

plane response [72,74]

Targeted instrumentation

capturing dominant lateral

response at critical location

Damping charac-

terization

Often inferred indirectly with

limited consistency across

studies [74]

Direct and consistent damp-

ing evaluation using logarith-

mic decrement methodology

Boundary condi-

tion representa-

tion

Rigid or idealized bound-

ary constraints influencing in

plane response interpretation

[72]

Controlled and scaled bound-

ary conditions with applied

pre compression for realistic

confinement simulation

Research gap ad-

dressed

Limited investigation of dou-

ble story interlocking systems

under controlled in plane dy-

namic loading [68]

Addresses gap through sys-

tematic evaluation of two

story interlocking system un-

der harmonic excitation
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testing systems, the setup is effective for evaluating the in plane dynamic behavior

of the structural system. In this study, the imposed harmonic motion is treated as

the base excitation, and the structural response is analyzed relative to this input.

The experimental program included double story wall configurations, consisting

of both solid walls and walls with openings such as doors and windows. While

Table 5.2 summarizes the general in plane response, the behavior of walls with

openings is discussed in detail in Chapter 4. Preliminary observations indicate

that openings slightly modify local stiffness and displacement patterns; however,

the overall trends in energy dissipation, fundamental frequency, and first mode

response characteristics remain consistent with those observed in solid walls. This

indicates that the mortar free interlocking system exhibits robust dynamic behav-

ior across varying wall geometries.

The observed response of the in plane wall demonstrates stable performance under

harmonic loading, with energy dissipation primarily governed by frictional inter-

actions between interlocking blocks, consistent with prior reports on mortar free

systems [61]. The results indicate that such interfacial mechanisms, rather than

rigid bonding, dominate the dynamic energy absorption process.

The inclusion of confinement effects highlights the critical balance between stabil-

ity and interfacial mobility in governing in plane energy dissipation of interlocking

systems. Unlike rigid pre tensioning approaches reported in literature, the con-

trolled confinement mechanism adopted in the present study enables enhanced fric-

tional interaction while maintaining structural integrity, thereby improving overall

dynamic response characteristics.

The present study contributes further by incorporating quantitative damping eval-

uation, providing a rigorous assessment of energy dissipation. While no visible

damage was observed due to shake table limitations, the system’s response re-

mained within the elastic/serviceable range, confirming the suitability of the mor-

tar free interlocking system for moderate dynamic excitations.

From a structural engineering perspective, these findings reinforce the potential of

mortar free interlocking walls to enhance seismic resilience through controlled de-

formation and energy absorption. Additionally, the lightweight, modular nature of
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these units facilitates ease of construction, cost efficiency, and sustainability, mak-

ing them particularly advantageous for resource constrained or rapid deployment

applications.

Overall, the results of this study, combined with prior research, provide a compre-

hensive understanding of in plane dynamic behavior for both solid walls and walls

with openings in double story configurations, supporting the broader application

of mortar free interlocking systems in earthquake resistant construction.

5.4 Challenges in Seismic Resilience of Masonry

and Remedial Measures

The seismic performance of a structure is significantly influenced by its mass, as

the base shear generated during earthquake excitation is directly proportional to

the building weight (UBC 1997). Reducing structural mass therefore lowers iner-

tial forces and overall seismic demand, making lightweight construction an effec-

tive earthquake resistant strategy. Mortar free interlocking plastic block systems

present a viable solution, combining reduced mass with high modularity. These

systems rely on mechanical interlocking instead of cementitious bonding, enabling

dry assembly, rapid construction, and reusability. Moreover, their modular design

reduces dependence on skilled labor while enhancing construction efficiency and

sustainability.

In double story applications, in plane behavior is critical to ensure lateral stability

and structural integrity under seismic loading. Interlocking plastic blocks are

capable of sliding, rotation, and shear deformation at the block interfaces, which

facilitates energy dissipation during cyclic lateral forces. The absence of mortar

eliminates brittle failure modes typical of traditional masonry, providing a ductile

response that enhances resilience. Proper vertical alignment and optimized block

geometry are essential to control story drift, in plane stiffness, and load distribution

between stories, ensuring predictable performance under seismic excitations.

Figure 5.1 illustrates the in plane response of a double story interlocking plas-

tic block wall subjected to lateral seismic forces. As shown, base shear acts at
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the foundation, while lateral forces induce progressive shear deformation, sliding,

and rotation within block interfaces. These mechanisms allow significant energy

dissipation without compromising the overall stability of the system. The inter-

locking design distributes lateral loads efficiently across stories, mitigating stress

concentrations and minimizing the risk of catastrophic failure. The ability of in-

dividual blocks to slide and rotate contributes to structural ductility, enhancing

the building’s performance during earthquakes. Beyond mechanical performance,

Figure 5.1: In Plane Behavior of Double Story Interlocking Plastic Block Sys-
tem, showing base shear, story drift, sliding & rotation, and energy dissipation

at block interfaces

the lightweight nature of these systems reduces foundation loads and overall con-

struction costs. The modular and dry assembly approach allows for rapid deploy-

ment and post event reparability, supporting sustainable and resilient construction

practices. Recent studies [69] confirm that double story interlocking plastic block

systems can endure multiple cycles of in plane lateral displacement with minimal

loss of load carrying capacity, making them suitable for low to mid rise buildings in

seismic prone regions. By integrating mass reduction, energy dissipation, ductil-

ity, and modularity, these systems represent a promising approach for earthquake

resistant construction.



Discussions 66

It is important to acknowledge that the structural response observed under con-

trolled harmonic loading may differ from that under actual earthquake ground

motion. Real seismic excitations are inherently irregular, multi frequency, and

transient in nature, which can induce more complex response patterns and vary-

ing peak demands compared to the steady state sinusoidal input used in this study.

Consequently, the deformation characteristics, force distribution, and energy dissi-

pation mechanisms may exhibit variations under real earthquake conditions. Nev-

ertheless, the present investigation provides a fundamental understanding of the

dynamic response, stiffness behavior, and energy dissipation characteristics of the

interlocking system under controlled excitation, thereby offering valuable insight

into its expected seismic performance.

Building upon the above discussion, the following aspects require further consid-

eration to facilitate the practical implementation of mortar free interlocking block

systems in seismic regions. The findings of this study underscore the necessity for

developing simplified analytical models and design oriented frameworks tailored to

mortar free interlocking systems. Such frameworks should enable the translation

of experimental observations into reliable engineering practice by incorporating

key response parameters, including damping characteristics, energy dissipation

capacity, and frequency dependent behavior identified in this research.

Furthermore, there is a clear need to extend the present investigation to full scale

multi story structures subjected to realistic seismic loading conditions. While the

current study provides valuable insights under controlled laboratory excitation,

comprehensive validation under multi directional dynamic loading is essential to

establish the scalability, structural reliability, and field applicability of the pro-

posed system.

In addition, the potential of mortar free interlocking construction should be ac-

tively explored for seismic resilient applications, particularly in low cost and rapidly

deployable housing. The inherent advantages of modularity, reusability, reduced

construction time, and minimal reliance on skilled labor position this system as

a promising solution for sustainable construction and post disaster reconstruction

initiatives.
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5.5 Summary

This chapter presents the principal findings of the study, highlighting both the

practical execution of experiments and the development of an empirical model.

Dynamic excitation was applied using a locally developed, cost effective shake

table. Although the device exhibited some limitations in maintaining uniform am-

plitudes across varying frequencies, it successfully generated repeatable harmonic

loads adequate for evaluating the structure’s dynamic response. These experi-

ments produced reliable data, demonstrating the effectiveness of the setup and

providing a solid foundation for understanding structural behavior under realistic

dynamic conditions.

An empirical equation was formulated to validate the experimental results, en-

suring consistency between theoretical predictions and observed behavior. Mi-

nor discrepancies between experimental and empirical values are attributed to the

structural complexity and the simplifications inherent in the model. The empirical

model reinforced the experimental findings, adding confidence and robustness to

the results. By integrating analytical and experimental approaches, the study not

only enhances its practical relevance but also provides insights that can inform fu-

ture structural design and dynamic analysis, highlighting the broader significance

of the research.



Chapter  6

Conclusion  and  Future  Work

6.1  Conclusion

This  study  systematically  investigates  the  in  plane  dynamic  behavior  of  a  1:10

scaled,  two  story  interlocking  plastic  block  (IPB)  wall  under  harmonic  excitations.

The  experimental  model  comprises  120  interlocking  plastic  blocks  arranged  in  12

layers,  with  the  base  rigidly  anchored  using  angle  sections.  Structural  responses

were  captured  using  five  accelerometers  as  two  at  the  top  of  each  floor  wall  and

one  at  the  base.  Both  snap  back  tests  and  harmonic  excitations  were  performed

on  a  locally  manufactured  one  dimensional  shake  table  at  frequencies  of  0.9  Hz,

1.1  Hz,  and  1.3  Hz.  The  snap  back  tests  were  employed  to  determine  the  nat-

ural  frequency,  time  period,  and  damping  ratio  using  the  logarithmic  decrement

method,  whereas  harmonic  tests  enabled  detailed  characterization  of  the  in  plane

response  under  continuous  excitation.  The  acquired  data  were  processed  in  MAT-

LAB,  and  SeismoSignal  was  applied  for  noise  filtering  and  baseline  correction.  The

key  findings  are  summarized  as  follows:

i. The  average  fundamental  frequency  of  the  two  story  system  is  approximately

1.1  Hz,  while  the  in  plane  damping  ratio  attains  values  up  to  5.4%,  demon-

strating  moderate  inherent  energy  dissipation.

ii.  The  in  plane  dynamic  response  of  the  walls  was  quantified  in  terms  of  accel-

eration  and  displacement  time  histories:

  68
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a) In plane displacements increased by 71.4% for the SS-SS wall config-

uration and 54.7% for the DS-SW wall configuration, averaging 63%,

reflecting significant frequency dependent amplification in the two story

system.

b) In plane acceleration amplification across frequencies was evident as for

the SS-SS wall configuration, values at 1.3 Hz were 1.67 times higher

than at 0.9 Hz, while for the DS-SW wall configuration, accelerations at

1.3 Hz were 3.42 times higher than at 0.9 Hz, highlighting pronounced

frequency dependent intensification.

c) In plane displacement time history analysis indicates that the contri-

bution of the SS-SS wall configuration at 0.9 Hz is 1.55 times higher

than at 1.3 Hz, and for the DS-SW wall configuration, the in plane

contribution at 0.9 Hz is 1.7 times higher than at 1.3 Hz, confirming

strong frequency sensitive behavior in the double story walls.

iii. The DS-SW wall configuration dissipates 55% and 9.3% more energy than

the SS-SS wall configuration at excitation frequencies of 0.9 Hz and 1.3 Hz,

respectively, and 7% more energy at 1.1 Hz.

a) In plane base shear displacement analyses reveal that for the SS-SS

wall configuration, the two story in plane wall absorbs 1.71 times more

energy at 1.3 Hz than at 0.9 Hz.

b) Similarly, the DS-SW wall configuration absorbs 1.75 times more energy

at 1.3 Hz than at 0.9 Hz, demonstrating significant frequency dependent

in plane energy dissipation.

iv. The percentage deviations between experimental and empirical predictions

range from -4.75% to -9.91%, reflecting the inherent complexity of two story

mortar free interlocking plastic block walls relative to simplified empirical

models, and underscoring the need for cautious interpretation of empirical

estimates in dynamic design.

The results demonstrate that two story mortar free interlocking plastic block walls

exhibit substantial in plane energy dissipation, frequency dependent amplification



Conclusion and Future Work 70

in both displacement and acceleration, and robust dynamic stability under snap

back and harmonic loading conditions. The lightweight, modular construction,

combined with predictable damping characteristics, underscores the potential of

these systems for cost effective, earthquake resilient housing solutions in seismic

prone regions. These findings provide a strong foundation for further optimization

of block patterns, structural configurations, and empirical modeling approaches in

modular interlocking wall systems.

6.2 Future Recommendations

Based on the findings of this research, several recommendations are proposed to

guide the further development and practical application of mortar free interlocking

block systems. These recommendations emphasize the need for advancing theo-

retical frameworks, validating structural performance under realistic conditions,

and promoting practical implementation in seismic resilient construction.

i. Development of Design Oriented Frameworks: Establish simplified analytical

models and comprehensive design guidelines to ensure reliable and efficient

integration into engineering practice.

ii. Full Scale Multi Story Validation: Conduct experimental evaluation of full

scale structures under realistic seismic loading conditions to verify structural

performance and scalability.

iii. Application in Seismic Resilient Construction: Implement the proposed sys-

tem in low cost, sustainable, and earthquake resistant housing, particularly

for rapid construction and deployment in post disaster scenarios.

In summary, these recommendations aim to bridge the gap between experimental

investigation and practical implementation, thereby contributing to the advance-

ment of innovative, sustainable, and resilient construction technologies.
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[52] M. Gioffrè, N. Cavalagli, V. Gusella, and C. Pepi, “Confined vs. unreinforced

masonry: Construction and shaking table tests of two-storey buildings,” Con-

str. Build. Mater., vol. 333, p. 126961, 2022.



Bibliography 77

[53] R. P. Neupane, T. Imjai, and R. Garcia, “A novel post-tensioned metal strap-

ping technique to actively confine concrete structures: a review,” Innov. In-

frastruct. Solut., vol. 10, no. 1, p. 16, 2025.

[54] J. Zhang, A. Lata, X. Guo, and Z. Xu, “Seismic vulnerability assessment of

reinforced concrete school buildings based on the concept of balanced seismic

shear force distribution,” in Structures, vol. 71. Elsevier, 2025, p. 108184.

[55] G. Vlachakis, M. Cervera, G. B. Barbat, and S. Saloustros, “Out-of-plane

seismic response and failure mechanism of masonry structures using finite

elements with enhanced strain accuracy,” Eng. Fail. Anal., vol. 97, pp. 534–

555, 2019.

[56] G.-L. Li, X. Li, X.-L. Gu, and Q.-Q. Yu, “Experimental study on seismic

behavior of existing masonry in plane wall strengthened with external thin

concrete column,” in Int. Brick Block Masonry Conf. Springer, 2025, pp.

956–966.

[57] A. Danish, N. Ahmad, and M. U. Salim, “Manufacturing and performance

of an economical 1-d shake table,” Civ. Eng. J., vol. 5, no. 9, pp. 2019–2028,

2019.

[58] A. Kaya, B. Roudane, S. Adanur, F. Sunca, A. F. Genc, M. Gunaydin, and

A. C. Altunisik, “Structural response of half-scale pumice concrete masonry

building: shake table/ambient vibration tests and FE analysis,” Meccanica,

vol. 59, no. 7, pp. 1159–1190, 2024.

[59] M. Sudheer and M. Ali, “Dynamic response of an interlocking plastic-block

wall with opening,” J. Mech. Mater. Struct., vol. 19, no. 4, pp. 595–613, 2024.

[60] C. Colombo, N. Savalle, A. Mehrotra, M. F. Funari, and P. B. Lourenco,

“Experimental, numerical and analytical investigations of masonry in planes:



Bibliography 78

Influence of the horizontal pseudo-static load orientation,” Constr. Build.

Mater., vol. 344, p. 127969, 2022.

[61] M. Kohail, H. Elshafie, A. Rashad, and H. Okail, “Behavior of post-tensioned

dry-stack interlocking masonry shear walls under cyclic in-plane loading,”

Constr. Build. Mater., vol. 196, pp. 539–554, 2019.

[62] K. Twigden, R. Henry, and Q. Ma, “Pseudo-static cyclic, snap back and shake

table testing of PREWEC self-centering wall systems,” in 10th US National

Conf. Earthquake Eng., 2014.

[63] M. Ali, R. Briet, and N. Chouw, “Dynamic response of mortar-free interlock-

ing structures,” Constr. Build. Mater., vol. 42, pp. 168–189, 2013.

[64] H. Rodrigues, A. Arede, H. Varum, and A. Costa, “Energy dissipation and

equivalent damping of RC columns subjected to biaxial bending: An investi-

gation based in experimental results,” in Proc. 15th World Conf. Earthquake

Eng., Lisbon, Portugal, 2012, p. 2428.

[65] A. K. Chopra, Dynamics of Structures: Theory and Applications to Earth-

quake Engineering, 5th ed. Pearson, 2020.

[66] R. W. Clough and J. Penzien, Dynamics of Structures, 3rd ed. Computers

& Structures, 2003.

[67] A. S. Drysdale, A. A. Hamid, and L. R. Baker, Masonry Structures: Behavior

and Design, 2nd ed. The Masonry Society, 1999.

[68] S. Patel and R. Mehta, “In-plane stiffness degradation and damping charac-

teristics of modular interlocking wall systems,” Eng. Struct., 2024.

[69] M. M. Nasery, M. Husem, F. Y. Okur, and A. C. Altunisik, “Numerical and

experimental investigation on dynamic characteristic changes of encased steel



Bibliography 79

profile before and after cyclic loading tests,” Int. J. Civ. Eng., vol. 18, pp.

1411–1431, 2020.

[70] M. Ali, “Role of post-tensioned coconut-fibre ropes in mortar-free interlocking

concrete construction during seismic loadings,” KSCE J. Civ. Eng., vol. 22,

no. 4, pp. 1336–1343, 2018.

[71] A. K.-L. Jnr, L. Mohammed, T. A. Tagbor, S. K. Tulashie, and C. Cheeseman,

“Recycling waste plastics into plastic-bonded sand interlocking blocks for wall

construction in developing countries,” Sustainability, vol. 15, no. 24, p. 16602,

2023.

[72] M. A. Khan, S. R. Ali, and J. Ahmed, “Experimental investigation of mor-

tarless interlocking block walls under harmonic excitation,” Constr. Build.

Mater., vol. 420, 2024.

[73] S. Afzal, “Out-of-plane behavior of prototype interlocking plastic-block solid

wall under harmonic loading,” Master’s thesis, Dept. Civil Eng., Capital Univ.

Science & Technology, Islamabad, Pakistan, 2020.

[74] H. Chen, Y. Zhao, and M. Li, “Frequency-dependent response of lightweight

interlocking structural systems under shake table testing,” J. Build. Eng.,

vol. 85, 2025.


	Author's Declaration
	Plagiarism Undertaking
	Acknowledgement
	Abstract
	List of Figures
	List of Tables
	List of Abbreviations
	Symbols
	1 Introduction
	1.1 Background
	1.1.1 Previous Researches

	1.2 Research Motivation and Problem Statement
	1.2.1 Research Questions

	1.3 Overall Goal of the Research Program and Specific Aim of this MS Thesis
	1.4 Scope of Work and Study Limitations
	1.4.1 Rationale Behind the Variable Selection

	1.5 Brief Methodology
	1.6 Research Impact on Industry
	1.6.1 Research Novelty and Uniqueness
	1.6.2 Research Significance and Benefit
	1.6.3 Practical Implementation
	1.6.4 National and Global Impact with SDGs Relevance
	1.6.5 Research Challenges
	1.6.6 Ethical and Management Considerations
	1.6.7 Research Deliverable, Sale and Marketing Potential

	1.7 Thesis Layout

	2 Literature Review
	2.1 Background
	2.2 Transition from Bonded Brick Masonry to Interlocking Block Construction
	2.2.1 Fundamental Seismic Response Mechanisms in Masonry Walls
	2.2.2 Limitations of Conventional Bonded Masonry
	2.2.3 Advantages of Interlocking Block Systems
	2.2.4 Challenges in Multi Story Applications

	2.3 Dynamic Evaluation Techniques for Multi Story Mortar Free Structures
	2.3.1 Shake Table and Quasi Static Testing
	2.3.2 Numerical Modelling Approaches
	2.3.3 Hybrid Experimental Numerical Approaches

	2.4 Structural Responses of Interlocking Assemblies and Floor Walls
	2.4.1 Joint Geometry and Load Resistance
	2.4.2 Floor Wall Interfaces under Cyclic Loading
	2.4.3 Modeling and Detailing Challenges

	2.5 Governing Parameters Influencing In Plane Behavior of Structural Wall Systems
	2.5.1 Introduction
	2.5.2 Material Properties
	2.5.3 Geometric Parameters
	2.5.4 Loading Characteristics Harmonic Behavior
	2.5.5 Interface Behavior
	2.5.6 Global Structural System Parameters
	2.5.7 Damage and Nonlinear Behavior

	2.6 Summary

	3 Experimental Program
	3.1 Background
	3.2 Continuation of Research Program
	3.3 Construction of Prototype Scaled Down In Plane
	3.4 Test Setup
	3.4.1 Snap Back Test Setup and Instrumentation
	3.4.2 Shake Table Test Setup and Instrumentation

	3.5 Dynamic Loading
	3.5.1 Snap Back
	3.5.2 Harmonic

	3.6 Parameters Evaluated
	3.6.1 Parameters Evaluated under Snap Back Loading
	3.6.2 Parameters Evaluated under Harmonic Loading

	3.7 Procedure for Empirical Equation Formation
	3.8 Summary

	4 Experimental Evaluation
	4.1 Background
	4.2 Damping Ratio and Fundamental Frequency
	4.3 Behavior of Prototype In plane under Harmonic Loading
	4.3.1 Behavior in Terms of Acceleration Time and Displacement Time Histories
	4.3.2 Base Shear - Displacement Curves and Energy Absorption

	4.4 Summary

	5 Discussions
	5.1 Background
	5.2 Formation of Empirical Equations considering Geometrical Parameters, Structure Behavior and Input Loading Conditions
	5.3 Comparison of Prototype Single Story and Double Story Structure Behavior
	5.4 Challenges in Seismic Resilience of Masonry and Remedial Measures
	5.5 Summary

	6 Conclusion and Future Work
	6.1 Conclusion
	6.2 Future Recommendations

	Bibliography

