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Abstract 

Ancient Indian temple architecture embodies a remarkable integration of spiritual symbolism, artistic 

mastery, and structural ingenuity. While celebrated for their aesthetic grandeur, these temples also 

demonstrate sophisticated earthquake-resilient engineering, developed centuries before modern seismic 

science. This study investigates the structural principles, material choices, and spatial planning 

strategies embedded in diverse regional styles Kalingan, Dravidian, and Nagara with a focus on their 

adaptation to seismic zones. Drawing from Vāstu Śāstra, Śilpa Śāstra, archaeological evidence, and 

modern engineering analyses, the research identifies core design features such as interlocking stone 

joinery, modular segmentation, tapered massing, broad plinths, sand-bed foundations, and symmetry-

based load distribution. Case studies, including the Sun Temple at Modhera, Brihadeshwara Temple, 

and Jagannath Temple, are examined alongside Himalayan timber-stone hybrids to reveal how ancient 

builders employed intuitive seismic isolation, mass damping, and flexible joints. Comparative analysis 

with contemporary earthquake engineering highlights parallels in base isolation, mass dampening, 

modular redundancy, and joint flexibility. The findings underscore that ancient Indian construction 

practices not only achieved structural longevity but also offer valuable models for modern sustainable, 

disaster-resilient architecture. 

 

Keywords: Ancient temples, seismic design, Vāstu Śāstra, Śilpa Śāstra, Kalingan style, dravidian 

style, nagara style, interlocking masonry, base isolation, heritage conservation 

 

1. Introduction 

Ancient Indian architecture, particularly temple construction, stands as a testimony to the 

confluence of art, spirituality, and engineering genius. While much has been celebrated about 

the aesthetic and symbolic aspects of Indian temples, the underlying structural intelligence 

especially in relation to seismic resilience has often remained underappreciated. Across the 

subcontinent, temple structures dating back over a millennium continue to endure the forces 

of time, climate, and notably, tectonic activity. This phenomenon invites a deeper inquiry 

into the ancient builders’ understanding of structural stability and their adaptation to seismic 

zones long before the advent of modern engineering. 

From the towering shikharas of the Nagara style in the north to the massive vimanas of the 

Dravidian south, and the hybrid forms of the Vesara tradition, temples reflect not only 

regional variations but also conscious design decisions aimed at longevity. In seismically 

active zones like the Himalayan foothills, western Gujarat, and parts of Odisha, ancient 

builders demonstrated a nuanced grasp of earthquake-resistant strategies. These included the 

use of interlocking stone joints, low center-of-gravity in temple layouts, symmetrical floor 

plans, and materials selected for both durability and flexibility under stress. 

 

Research questions 

1. What engineering principles were used to construct earthquake-resistant temples? 

2. How did regional styles (Kalingan, Dravidian, Nagara) adapt to seismic zones? 

3. What role did foundation design, material selection, and geometry play? 

 

Methodology 

This study employs a multidisciplinary approach combining comparative architectural 

analysis, archaeological evidence, seismic structural assessments, and insights from ancient 
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Indian architectural treatises such as the Mānasāra, 
Mayamata, and Śilpa Śāstras. By integrating textual 
interpretation with empirical data and engineering 
simulation, the research reconstructs how traditional temple 
design encoded seismic resilience, enabling a holistic 
understanding of ancient structural intelligence within its 
cultural and environmental context. 
 
2. Theoretical foundations 
2.1 Vāstu Śāstra and engineering thought 
Vāstu Śāstra, the ancient Indian science of architecture and 
spatial design, represents a sophisticated synthesis of 
cosmological, environmental, and engineering knowledge. 
Far beyond a spiritual or metaphysical doctrine, it operates 
as a functional and scientific framework that governed 
temple construction for centuries. In its application, temples 
were conceived not merely as buildings, but as living 
structures dynamic embodiments of cosmic order (ṛta), 
responsive to natural forces such as gravity, wind, seismic 
activity, and solar orientation. 
 
Temples as living structures aligned with natural forces 
According to Vāstu Purusha Mandala the metaphysical plan 
of a structure the temple is an organism, with its own head‖ 
(sanctum or garbhagriha), limbs (mandapas, walls), and 
spine (sikhara or vimana). This anthropomorphic 
conceptualization allowed architects (Sthapatis) to design 
with balance, orientation, and energy flow in mind. Temples 
were typically aligned along cardinal directions, with the 
sanctum sanctorum placed at the exact geometric center 
(Brahmasthana) of the grid. This spatial alignment allowed 
the structure to channel and absorb cosmic energy, while 
also being aerodynamically stable and structurally 
symmetrical two critical traits in earthquake-resistant 
design. 
 

Load distribution through the Meru-Prasāda Model 

(Central Axis Principle) 
One of the defining engineering strategies embedded in 
Vāstu Śāstra is the concept of Meru- Prasāda, which treats 
the temple tower as a vertical axis (Meru) around which 
mass and load are symmetrically distributed. This central 
axis corresponds to the mythic Mount Meru, the cosmic 
mountain at the center of the universe in Hindu, Buddhist, 
and Jain cosmologies. 
From an engineering perspective, the Meru-Prasāda model 
creates a tapered pyramidal geometry, which naturally 
facilitates downward load transfer and minimizes lateral 
thrust. The stepped, diminishing tiers of the shikhara or 
vimana help in dispersing vertical loads incrementally to 
broader base structures such as plinths and platform 
(adhisthana). This design, coupled with load-bearing granite 
or sandstone and mortarless interlocking blocks, provided 
natural damping during ground motion events like 
earthquakes. It also reduced structural resonance, a key 
factor in seismic damage. 
Moreover, the massive base and relatively narrower 
superstructure ensured a low center of gravity, which added 
to the seismic resilience of temples, especially in quake-
prone areas such as Gujarat, Kashmir, Odisha, and 
Himachal Pradesh. 
 
Use of padavinyāsa (Grid system) for spatial and 

structural planning 

Central to the layout of any classical Indian temple is the 

Padavinyāsa a systematic grid plan composed of modular 

squares that map out both structural and spiritual zones. 

Depending on the scale and complexity of the temple, this 

grid could follow 8×8, 9×9, 10×10, or more intricate 

divisions. Each square, or pada, in this grid corresponds to a 

specific function or deity, creating a cosmogram that also 

serves as a structural blueprint. 

 

From an engineering standpoint, the grid allowed for: 

• Symmetrical load-bearing: Equal distribution of 

weight across columns and walls. 

• Efficient stress dispersion: Balanced foundation stress 

due to equal modular spans. 

• Predictable seismic behavior: Symmetry in layout 

mitigated torsional effects during tremors. 

• Interdisciplinary integration: Alignment with 

acoustics, ventilation, and movement patterns of 

devotees. 

In physical construction, these grids were often marked on 

the site using ropes and pegs, ensuring exact geometrical 

proportions. The use of mandala geometry and 

proportionate ratios (often 1:1:1 or 1:1:1.618) reveals a 

mathematical sophistication akin to what modern engineers 

achieve through computer-aided design. 

 

2.2 Textual guidance from Śilpa Śāstra 

The Śilpa Śāstra represents a comprehensive body of 

ancient Indian texts that codify the principles of art, 

architecture, engineering, and craftsmanship. Composed by 

master builders and transmitted through oral and written 

traditions, these treatises provided a technical grammar for 

temple construction from the selection of site and materials 

to the minute proportions of architectural members. Far 

from being purely aesthetic in intent, the Śilpa Śāstra was 

profoundly practical, grounded in empirical wisdom 

accumulated over generations of building in diverse 

ecological and geological contexts, including earthquake-

prone zones. 

These texts, such as the Mayamata, Manasāra, 

Aparājitapṛcchā, and Samarāṅgaṇa Sūtradhāra, offer 

precise instructions that today resemble engineering codes 

in civil and structural design. 

 

Bhu-Samskāra (Foundation preparation and depth) 

One of the most critical engineering insights offered by the 

Śilpa Śāstra is the meticulous attention to soil analysis and 

foundation design, collectively referred to as bhu-saṁskāra. 

The texts prescribe detailed tests to assess soil texture, color, 

smell, and response to pressure and moisture parameters that 

modern geotechnical engineers would appreciate. For 

instance: 

• Soil that is black and sticky was often avoided due to 

poor drainage and instability. 

• Soil that was reddish-brown and firm was preferred for 

its load-bearing capacity. 

 The presence of ant hills, termite mounds, or saline content 

were warning signs of weak substrata. 

The depth of the foundation was not uniform but was 

determined based on both the load of the superstructure and 

the strength of the underlying earth. Texts often prescribe 

digging twice the width of the wall in depth or more in loose 

soil. Fill materials like sand, gravel, lime, and charcoal were 

compacted layer-wise to enhance load distribution and 
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reduce differential settlement an ancient version of what is 

now termed "mechanically stabilized earth." 

In seismic terms, these foundation techniques created a 

flexible yet solid sub-base, which could absorb minor 

tremors and prevent collapse by preventing resonance and 

toppling. 

 

Stambha-Vidhi (Proportioning of columns and pillars) 

The stambha-vidhi, or rules concerning the design of pillars 

and columns, reflects an intricate knowledge of load paths, 

compression resistance, and aesthetic harmony. Pillars were 

not merely decorative but functioned as essential load-

bearing components, especially in mandapas and open halls. 

The texts prescribe: 

• Pillar height and diameter based on the tala (unit of 

measurement, often the face length of the deity or the 

building module). 

• Tapered shafts with entasis to avoid buckling under 

load. 

• Capitals and brackets designed to transfer roof weight 

symmetrically. 

• Use of octagonal, square, and circular profiles to 

distribute stress efficiently depending on structural 

location. 

Moreover, in many temples, rows of columns are evenly 

spaced and aligned symmetrically, ensuring uniform load 

distribution and seismic stability. The use of double or 

clustered columns (yugalastambha) in certain high-load 

areas like gopurams shows a predictive understanding of 

structural reinforcement. 

 

Stone selection and dressing 

The choice of construction material, especially stone, was 

also governed by the Śilpa Śāstra. The texts recommend: 

• Granite, basalt, or laterite for foundations and heavy 

walls due to their compressive strength. 

• Sandstone and soapstone for intricate carvings but only 

in upper parts or in interiors, where the load was lighter. 

• Avoiding stones with visible cracks, irregular veining, 

or too much porosity. 

The test for stone integrity included striking it to hear the 

sound (clear metallic sounds indicated quality), immersing 

in water to observe absorption, and visual inspection under 

sunlight. This reflects a highly developed empirical 

technique for material testing. 

Stones were often dressed and joined without mortar, using 

precision-cut interlocking techniques, tongue-and-groove 

joints, and dowel pins. These joints allowed temples to flex 

slightly under seismic stress without disintegrating, much 

like the earthquake-resistant architecture seen in Incan 

masonry. 

 

3. Structural features enhancing seismic resistance 

Ancient Indian temples are not only marvels of religious and 

artistic expression but also embodiments of structural 

resilience. Built over centuries across diverse and often 

earthquake- prone terrains from the Himalayan foothills to 

the Kachchh region of Gujarat temples exhibit intelligent 

engineering that mitigated seismic vulnerability. This 

section examines key features that collectively enhanced the 

temples’ ability to endure tectonic shocks while preserving 

structural integrity and aesthetic harmony. 

3.1 Interlocking systems 

One of the most remarkable aspects of Indian temple 

construction is the widespread use of dry masonry with 

interlocking systems, eliminating the need for cement or 

mortar. Stones were precisely carved and mechanically 

joined using advanced methods: 

• Mortise-and-tenon joints (known as karna-patra in 

some texts) involved inserting a protruding tenon‖ of 

one stone into a carved socket of another, enabling 

tight, secure alignment. 

• Dovetail joints and tongue-and-groove connections 

were also used, especially in horizontal placements like 

floor slabs, brackets, and entablatures. 

These friction-based assemblies allowed for micro-

movements under seismic stress, acting like mechanical 

hinges that absorbed and dissipated energy without 

fracturing. Unlike modern rigid mortar-based masonry, 

interlocked joints permitted a degree of elasticity and 

flexibility, allowing the structure to breathe‖ during an 

earthquake rather than crack. 

Temples at Modhera (Gujarat), Lingaraja (Odisha), and 

Chidambaram (Tamil Nadu) demonstrate these principles 

through finely cut ashlars and dynamic joinery that have 

stood the test of time and tectonics. 

 

3.2 Low center of gravity and symmetry 

Seismic stability is deeply influenced by a structure’s center 

of gravity and mass distribution. Ancient Indian temples 

were designed with an inherently low center of gravity, 

achieved through: 

 

Massive, broad-based platforms (adhisthanas) 

 Gradually tapering superstructures, such as shikharas (north 

India) or vimanas (south India), that reduce weight as height 

increases. 

This pyramidal geometry provided a self-stabilizing profile 

much like modern base-isolated or seismic-dampened 

structures. The tapering mass lowered the risk of toppling, 

while the vertical thrust was effectively counterbalanced by 

the broad base. 

Furthermore, temple layouts followed strict geometrical and 

axial symmetry, based on Padavinyasa grids and the Vastu 

Purusha Mandala. Symmetrical plans ensured: 

• Even distribution of seismic forces, minimizing stress 

concentrations. 

• Balanced mass moments, reducing torsional oscillation 

during tremors. 

This is especially evident in the Khajuraho temples and 

Hoyasaleswara Temple (Halebidu), where symmetric 

mandapas and sanctums are meticulously aligned along 

cardinal axes. 

 

3.3 Wide base and vertical massing 

The broad plinths (adhisthanas) on which temples are 

constructed serve both ritual and structural purposes. These 

raised platforms were not just elevation tools they 

functioned as seismic buffers by anchoring the structure to 

the earth and dispersing the vertical load over a large area. 

Key features include: 

• Multiple receding levels or mouldings (jagati or kapota) 

that reduce shear stress from ground movement. 

• Stepped or terrace-like designs, enabling the vertical 

load to be transferred in stages, reducing the chance of 

sudden structural failure. 
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Above the plinth, the vertical massing of temple structures 

was carefully orchestrated: 

• Heavier components were kept at lower levels. 

• Pillars, walls, and gopurams were proportioned to 

ensure vertical load continuity. 

This tiered elevation was not only aesthetic but also 

structural, creating a gradual attenuation of stress and 

minimizing abrupt shifts in load paths during earthquakes. 

 

Use of sand and lime as seismic dampeners 

Material science in ancient temple construction played a 

vital role in enhancing resilience. Builders made strategic 

use of natural materials that contributed to both seismic 

dampening and thermal regulation: 

• Sand cushioning layers were often laid below the 

foundation plinths in temples across Odisha (e.g., Puri 

Jagannath) and Gujarat (e.g., Modhera Sun Temple). 

Sand, with its granular flexibility, acts as a shock 

absorber, diffusing the kinetic energy of tremors and 

preventing it from transferring directly into the stone 

superstructure. 

• Lime mortar and lime plasters were used in select 

locations not as binding agents, but as flexible surfacing 

materials that allowed minor expansion and contraction 

under thermal and seismic pressure. Lime has natural 

antibacterial, hydrophobic, and self-healing properties, 

making it ideal for crack resistance and long-term stress 

accommodation. 

These material strategies ensured that temples remained 

breathable, adaptive, and durable, withstanding centuries of 

environmental fluctuation and tectonic events. 

 

4. Regional case studies 

India's diverse geoclimatic zones and cultural ecosystems 

have given rise to distinct regional architectural styles, each 

reflecting specific adaptations to materials, local conditions, 

and tectonic risks. While the religious symbolism and 

iconographic richness of temple architecture are widely 

recognized, less appreciated is how these traditions 

embedded structural resilience against natural disasters, 

especially earthquakes. This section presents focused case 

studies from three major regional styles Kalingan, 

Dravidian, and Nagara highlighting their innovative 

engineering responses to seismic threats. 

 

4.1 Kalingan temples (Odisha) 

Examples: Jagannath Temple (Puri) and Mukteshwar 

Temple (Bhubaneswar) 

The Kalingan style, predominant in coastal Odisha, is 

notable for its monumental stone temples constructed 

entirely without mortar, using dry-joint techniques that 

enhance flexibility. Odisha lies in a moderate seismic zone 

and is prone to cyclonic storms and high humidity. To 

counteract this, temple builders adopted several strategies: 

• Mortar-less stone construction: Stones were precisely 

cut and stacked using interlocking methods. This 

allowed the structure to accommodate subtle shifts 

during earthquakes without transferring stress to rigid 

cementitious joints that would otherwise crack. 

• Multi-shrine layouts and segmentation: Larger 

temple complexes, like Jagannath, were not monolithic. 

Instead, they featured multiple interconnected but 

independently load- bearing structures the garbhagriha, 

mandapas, bhogasalas, and natamandirs each able to 

absorb shocks locally, reducing cumulative impact 

across the temple. 

• Recessed vertical profiles and curved contours: 

Many Kalingan temples exhibit progressively receding 

tiers and deep recesses in wall planes, which help 

reduce wind and seismic pressures acting on any flat 

surface. 

• Sand cushioning below the plinth: Particularly in 

Jagannath Temple, it is believed that thick layers of 

river sand were used beneath the stone base, acting as a 

natural shock absorber and dampening seismic 

vibrations. 

• Ornate yet integrated structural design: The heavy 

base (bada), vertical wall zone (gandi), and crown 

(mastaka) were proportioned not just for aesthetic 

harmony but for load distribution and gravitational 

anchoring. 

 

4.2 Dravidian temples (Tamil Nadu) 

Example: Brihadeshwara Temple (Thanjavur) 

The Dravidian style of South India, particularly Tamil 

Nadu, is characterized by its massive stone vimanas, axial 

symmetry, and granite construction. Despite being located 

in a region with episodic seismic activity, the structures 

have withstood time and tremors remarkably well. 

• Massive central tower (vimana): The 216-ft tall 

vimana of Brihadeshwara is constructed of interlocked 

granite blocks laid without mortar, topped by a single 

capstone weighing nearly 80 tons. Its pyramidal shape 

and inward taper create an exceptionally low center of 

gravity, making it highly stable. 

• Granite massing: Unlike sandstone or softer stones 

used elsewhere, the use of high- density granite not 

only enhances durability but also improves seismic 

performance through mass damping resistance to lateral 

vibrations due to its heavy mass. 

• Symmetrical and centralized load distribution: The 

perfect axial alignment of sanctum, mandapa, and 

pradakshina patha enables balanced load paths, 

reducing the risk of asymmetrical collapse during 

tremors. 

• Wide and elevated plinths: Raised platforms with 

multiple receding steps help in ground force dispersion 

and also act as a barrier against water intrusion and soil 

movement, especially important in monsoon-prone 

Tamil plains. 

• Jointing technology and minimal vertical 

articulation: The vertical mass has minimal overhangs 

or projections, preventing resonance and material 

dislodgement under vibrational stress. 

 

4.3 Nagara style (North and Western India) 

Examples: Modhera Sun Temple (Gujarat) and Khajuraho 

Group of Monuments (Madhya Pradesh) 

Temples in the Nagara style, especially in regions like 

Gujarat, Rajasthan, and Madhya Pradesh, were built in 

seismically active zones such as the Kachchh region, which 

has experienced devastating earthquakes. These temples 

reflect unique structural techniques developed for resilience: 

• Sculptural articulation and recessed exteriors: While 

Nagara temples are renowned for their elaborate 

sculptural decoration, the highly recessed and broken 

wall planes serve a seismic function dispersing lateral 

https://www.historyjournal.net/


International Journal of History https://www.historyjournal.net 

~ 32 ~ 

forces and preventing stress from concentrating on any 

single plane. 

• Segmented temple plans: Structures are often 

composed of multiple connected units garbhagriha, 

antarala, and mandapas each with its own structural 

stability, allowing localized absorption of seismic 

energy rather than propagation throughout the temple. 

• Tiered vertical elevation (shikhara): The tower rises 

in curvilinear (rekha) or beehive-like shapes, built with 

lightweight stone in higher levels and heavier stone at 

the base, forming a well-balanced gravitational load. 

• Use of sandstone with natural shock-absorbing 

qualities: The porosity and grain structure of sandstone 

used in Khajuraho and Modhera allow it to flex slightly 

without cracking, helping to reduce damage under 

seismic pressure. 

• Perforated stone Jalis and open mandapas: These 

elements reduce structural weight and allow air and 

seismic energy to pass through, functioning somewhat 

like modern wind and pressure vents. 

 

5. Earthquake history and temple survival 

The true test of architectural resilience lies in how structures 

respond to natural disasters over time. Across India’s 

seismically vulnerable zones, ancient temples have 

repeatedly withstood powerful earthquakes often surviving 

where modern buildings have collapsed. These surviving 

monuments are not the result of chance, but the outcome of 

ingenious engineering, contextual design, and adaptive 

material use. 

This section examines major seismic events and how 

ancient Indian temples through both stone and timber-based 

techniques demonstrated extraordinary resistance to seismic 

stress. 

 

5.1 The 2001 Gujarat earthquake and the sun temple at 

Modhera 

On January 26, 2001, a devastating earthquake measuring 

7.7 on the Richter scale struck the Kachchh region of 

Gujarat, causing over 20,000 fatalities and massive 

infrastructure collapse. Amid the destruction, one historical 

structure stood out for its miraculous preservation the Sun 

Temple at Modhera, a masterpiece of 11th-century Solanki 

architecture. 

 

Reasons for survival 

• Shock-absorbing plinth design: The temple is 

constructed on a massive, elevated sandstone platform 

with multiple moulded tiers (adhishthana). This broad 

base dissipates seismic energy effectively, reducing 

stress transmission to upper structures. 

• Segmented structural plan: Modhera’s layout 

includes the garbhagriha, gudha- mandapa, sabha-

mandapa, and kunda (stepwell) each functioning as an 

independent structural unit, thereby localizing and 

minimizing the spread of vibrational stress. 

• Mortarless stone joinery: Like many Nagara temples, 

the Sun Temple was built using precision-cut, 

interlocked stones without mortar, allowing micro-

adjustments during seismic movement rather than 

cracking or dislodging. 

• Material resilience: The use of well-seasoned 

sandstone, with natural grain flexibility, allowed the 

structure to flex slightly and return to equilibrium 

without structural failure. 

This survival serves as a testament to traditional seismic-

aware design and provides critical lessons for both 

conservationists and contemporary engineers. 

 

5.2 Kumaon and Garhwal temples: Timber-stone hybrid 

construction in the Himalayas 

In the earthquake-prone Himalayan belt, particularly 

Kumaon and Garhwal regions of Uttarakhand, temple 

builders developed a unique architectural adaptation using 

wood-stone hybrid construction, known locally as Kath-

Kuni and Koti-Banal techniques. 

 

Key earthquake-resilient features 

• Timber integration: In temples like Jageshwar, 

Baijnath, and Katarmal, wooden beams were embedded 

horizontally at regular vertical intervals within the stone 

masonry. These beams acted as flexible belts, absorbing 

shear stress and allowing the walls to flex without 

crumbling under lateral seismic loads. 

• Crisscross wooden bonding: In some structures, 

corner interlocking beams were arranged in crisscross 

or dovetail patterns, tying the entire superstructure 

together similar in principle to modern seismic 

reinforcement bands. 

• Lightweight roofing systems: Instead of heavy stone 

towers, these Himalayan temples often feature sloped 

slate roofs supported by timber rafters, reducing the 

overall mass and eliminating the risk of toppling from 

high centers of gravity. 

• Wide plinths and thick walls: Walls were thick and 

rested on broad foundations, ensuring a lower center of 

gravity and resistance to horizontal ground motion. 

Despite being built centuries ago (some dating back to the 

7th-11th century CE), many of these temples have survived 

multiple major Himalayan earthquakes, including the 1991 

Uttarkashi and 2015 Nepal quakes. 

 

6. Analysis through modern engineering tools 

In recent decades, the resilience of ancient Indian temples to 

earthquakes has drawn increasing interest from structural 

engineers, heritage conservationists, and seismologists. 

Leveraging advanced technological tools, researchers are 

uncovering how these centuries-old structures exhibit 

sophisticated engineering principles that closely align with, 

and in some cases anticipate, modern seismic design 

techniques. 

 

Key technological tools and techniques 

• Computer-Aided Design (CAD) and structural 

modeling: CAD-based reconstruction of temple layouts 

enables precise measurement of load paths, symmetry, 

and stress distribution across structural elements. 

Models of temples such as the Brihadeshwara Vimana 

and Sun Temple at Modhera have been digitally 

rendered to simulate vibrational response. 

• 3D laser scanning and photogrammetry: These non-

invasive tools allow accurate documentation of 

structural geometry, surface deformation, and cracks. 

High-resolution 3D models help in understanding how 

joints behave under load and how energy travels 

through stone assemblies. Projects undertaken by the 

ASI and INTACH, in collaboration with international 
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organizations, have digitized major temples for 

monitoring structural health. 

• Seismic simulation and Finite Element Analysis 

(FEA): Using FEA, research teams in IITs (Roorkee, 

Madras, Delhi, and Kharagpur) have modeled temples 

under simulated earthquake conditions. These tests 

show that temples with broad bases, tapering 

superstructures, and interlocking stones exhibit minimal 

stress concentration and high structural redundancy key 

factors in seismic resistance. 

• Ground-Penetrating Radar (GPR): Used to detect 

sub-plinth features such as sand layers, drainage 

systems, or subterranean cavities, confirming textual 

references to engineered foundation treatments. 

• Heritage engineering labs and global collaboration: 

Institutions like the Indian Institute of Technology (IIT-

Roorkee’s Earthquake Engineering Department), ASI’s 

Structural Conservation Branch, and global 

conservation bodies like ICCROM (International 

Centre for the Study of the Preservation and Restoration 

of Cultural Property) are collaborating to test, 

document, and conserve temple structures. Their work 

validates the empirical design practices embedded in 

traditional Indian architecture. 

 

Key finding 

These analyses collectively suggest that temple builders 

practiced a form of intuitive seismic zoning discriminating 

between structural elements based on location, expected 

stress, and material behavior, much like how modern 

seismic codes classify zones and design responses 

accordingly. What today is codified as IS 1893 or FEMA 

450 was, in the ancient world, embedded in the Shilpa 

Shastra, vastu, and transmitted oral guild knowledge. 

 

7. Comparison with modern engineering 

The continuity between ancient Indian temple construction 

and contemporary earthquake engineering is not merely 

philosophical it is deeply structural. When examined 

through the lens of 21st-century science, ancient temple 

construction reveals a convergent evolution of seismic 

design logic, despite the absence of modern tools and 

materials. 

 

7.1 Base isolation and flexible foundations 

Then 

Temples such as Jagannath (Odisha) and Modhera (Gujarat) 

were constructed with sand or gravel layers beneath stone 

plinths, acting as a natural seismic isolator. These strata 

functioned to absorb and dissipate tremors, akin to shock 

pads. 

 

Now 

Modern base isolation systems use elastomeric bearings and 

rollers to isolate the superstructure from ground movement 

mirroring the function of ancient sand-bed foundations. 

 

7.2 Mass dampening and tapered geometry 

Then 

The pyramidal taper of vimanas and shikharas, combined 

with heavy granite bases, kept the center of gravity low and 

prevented toppling during lateral movement. Vertical 

segmentation helped dissipate vibrational energy. 

 Now 

Modern skyscrapers employ tuned mass dampers (TMDs) 
and tapered geometry to reduce oscillation. The Burj 
Khalifa, for instance, uses a similar mass reduction principle 
seen in the ancient Brihadeshwara Temple. 
 
7.3 Modular redundancy and segmental design 

 Then 
Temples were constructed with modular mandapas, each 
capable of structural self- containment. Load-bearing units 
(pillars, beams, ceilings) were interdependent but non- 
monolithic, allowing movement without collapse. 

  

 Now 
In earthquake engineering, modular redundancy is a fail-
safe principle where isolated structural components can 
function independently to prevent progressive collapse 
directly reflecting the temple model. 
 
7.4 Joint flexibility and clamping systems 

 Then 
Use of iron clamps, dowel pins, and interlocking grooves (in 
stone or timber) ensured that components could shift 
slightly without breaking, acting as flexible joints. 

  

 Now 
Seismic-resistant buildings incorporate expansion joints, 
flexible connectors, and energy-dissipating brackets to allow 
deformation without structural failure. 
 
Summary comparison table 
 

Engineering 

concept 
Ancient practice Modern equivalent 

Seismic 

isolation 

Sand/gravel plinth 

cushioning 
Elastomeric base isolators 

Mass 

dampening 

Tapered vimanas with 

heavy base 

Tuned Mass Dampers 

(TMDs) 

Modular 

redundancy 

Mandapas as 

independent load units 

Compartmentalized 

structural grids 

Flexible 

jointing 

Mortise-tenon, 

dovetail, iron clamps 

Expansion joints, flexible 

steel connectors 

Material 

adaptation 

Porous sandstone, 

shock-absorbing wood 

Smart concrete, energy-

absorbing composites 

 

These parallels are not coincidental they reflect a shared 

understanding of physical forces, load behavior, and 

structural harmony. Ancient Indian builders achieved 

seismic resilience through craftsmanship, observation, and 

tradition, while modern engineers use codes, simulations, 

and materials science. Yet both converge on the same core 

principles: balance, flexibility, and distributed strength. 

 

8. Relevance and Revival 

The resurgence of interest in traditional Indian temple 

architecture is not merely a matter of heritage appreciation it 

is a strategic imperative in an age increasingly threatened by 

climate change, rapid urbanization, and frequent seismic 

disturbances. The structural wisdom embedded in temple 

construction holds immense potential for retrofitting, 

sustainable engineering, and resilient urban planning. 

 

8.1 Retrofitting and conservation of heritage sites 

Modern conservation science is recognizing that the original 
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design logic of temples offers powerful guidance for 

retrofitting heritage structures against earthquakes and 

environmental degradation. By studying original elements 

such as: 

• Iron clamps and dowels for flexible reinforcement, 

• Interlocking dry masonry techniques, and 

• Layered plinths with shock-absorbing materials, 

engineers and conservationists can design non-invasive, 

compatible interventions that strengthen structural 

integrity without undermining cultural authenticity. 

Projects led by institutions like ASI, INTACH, IITs, 

and ICCROM are already applying these principles to 

retrofit aging temples in Odisha, Gujarat, and Tamil 

Nadu. 

Moreover, indigenous diagnostic techniques like soil testing 

through natural indicators (ants, plants, and moisture levels) 

can be revived to assess site stability before any 

conservation or construction. 

 

8.2 Eco-sensitive and disaster-resilient design for the 

present 

Beyond heritage contexts, the ancient temple model 

provides a template for contemporary architecture in 

earthquake- and climate-sensitive zones: 

• Use of local, breathable materials (e.g., laterite, 

sandstone, timber) reduces carbon footprint and 

enhances compatibility with the environment. 

• Segmental and modular layouts, as used in mandapas 

and shrines, can inform the design of schools, hospitals, 

and community centers that remain operational during 

and after seismic events. 

• Natural ventilation, thermal regulation, and orientation, 

deeply integrated into traditional design, offer models 

for passive energy architecture. 

For instance, earthquake-prone Himalayan and Northeastern 

states could benefit from wood- stone hybrid constructions 

similar to the Kath-Kuni or Koti-Banal styles, blending 

tradition with seismic codes. 

 

8.3 Indigenous engineering as a model of sustainability 

At a time when high-tech materials dominate construction, 

the low-energy, skill-intensive techniques of temple builders 

remind us of a more sustainable path: 

• No carbon-heavy concrete or steel. 

• Long-lasting structures with minimal maintenance. 

• Buildings deeply embedded in cultural ecology. 

The transmission of craftsmanship through guilds, the 

holistic vision of Vastu Shastra, and the Shilpa Shastra’s 

focus on proportional harmony show us how engineering, 

aesthetics, and ecology can coexist not as separate domains 

but as one integrated system. 

The revival of these methods can foster local employment, 

material economies, and culturally resonant infrastructure, 

creating not just buildings, but communities of resilience. 

 

9. Conclusion 

Ancient Indian temple architecture is not only a pinnacle of 

aesthetic and spiritual expression it is a repository of 

scientific foresight, empirical engineering, and sustainable 

construction practices. Across millennia, these structures 

have endured natural calamities, including severe 

earthquakes, without the benefit of modern technology. 

Their longevity is a testament to structural intelligence 

rooted in geometry, proportion, material science, and 

cosmological planning. 

In today's world marked by seismic risks, environmental 

crisis, and the need for sustainable infrastructure these 

temples offer more than inspiration; they offer instruction. 

 Their modular designs, flexible jointing, and low-energy 

materials anticipate many of the concerns that modern 

engineering seeks to address. 

 Their sustainability, drawn from local ecosystems and 

cultural knowledge, offers a pathway out of resource-

intensive, high-emission construction. 

As we confront the fragility of our built environment, there 

is a pressing need to preserve, study, and re-integrate the 

wisdom of ancient Indian architecture into contemporary 

practice. This calls not just for academic inquiry, but for 

interdisciplinary collaboration between archaeologists, 

engineers, architects, and policy-makers. Reviving the 

seismic resilience and ecological wisdom of temple 

architecture could well be the cornerstone of designing the 

resilient, inclusive, and sustainable cities of the future. 
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