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Abstract

Indian temple architecture has long been admired for its aesthetic perfection, ritual symbolism, and
constructional ingenuity. Less celebrated — but equally remarkable — is its inherent seismic wisdom.
Drawing upon textual canons (Vastu Vidya), geometric discipline (square and mandala-based layouts),
and refined masonry craft, historic temples across India exhibit a suite of architectural and structural
features that collectively enhance earthquake performance. This paper synthesizes evidence from
classical treatises and modern earthquake-engineering guidance to explain how proportion, symmetry,
massing, and detailing converge to create robust temples. Key patterns include: (i) plan regularity and
near-bilateral symmetry that limit torsion, (ii) pyramidal/tapered massing of the Sikhara or gopuram,
which reduces inertial demand with height, (iii) high “structural plan density” through closely spaced,
massive vertical supports that shorten load paths; and (iv) joinery techniques — dry-set stone, iron
clamps, interlocking corner stones, and horizontal binders — that improve integrity under lateral
shaking. Case snapshots from Odisha and Rajasthan illustrate how corbelled domes, stepped/terraced
roofs, and ring-by-ring vaulting develop self-stable forms and shift thrusts safely into thick enclosure
walls or surrounding colonnades. Read alongside contemporary standards (e.g., IS 1893) and field
observations from damaging earthquakes, these time-tested strategies anticipate many modern “good
practice” principles: regular configurations, redundancy, continuous load paths, and capacity where
demand concentrates. While temples are not uniform and some elements (e.g., tall mandapas,
freestanding pillars, or heavy superstructures over weak stories) can be vulnerable, the broader
repertoire offers a rich library of resilient typologies. The essay concludes with design lessons for
conservation and new construction in seismic regions — advocating proportion-driven planning,
deliberate mass reduction with height, ductile connections in masonry, and sensitive integration of
modern reinforcement — so that the living tradition of India’s temples continues to inspire safer
buildings today.
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Sikhara/gopuram taper, dense colonnades, and dry masonry craft — as a coherent “seismic repertoire,”
relating them to present-day guidelines and observed earthquake behaviour. It also undertakes a
comparative analysis with other world traditions, such as Japanese pagodas and Gothic cathedrals, to
demonstrate the universality and uniqueness of Indian seismic design wisdom (CVR, 2015) [1].

CANON, COSMOLOGY, AND THE SQUARE: WHY PLAN REGULARITY MATTERS

Classical canons associated with Vastu Vidya emphasize orientation, site testing, and grid-based
planning, with the square (mandala) as the generative unit. In structural terms, square/rectangular plans
and bilaterally symmetric layouts help keep the centers of mass and rigidity aligned, limiting torsion
during shaking (CVR, 2015) [1] (Kramrisch, 1976) [2].The adoption of the square was not only
symbolic of cosmic harmony but also structurally rational. The mandala ensured that forces were
symmetrically distributed, reducing eccentricity. This concept resonates with modern seismic codes that
emphasize plan regularity for stability (Figure 1).
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Khanderia Mahadeo Temple Sun Modhera Temple, Gujrat
Structurat Plan Density-39% Structural Plan Density-28%

Lingraja Temple, Bhubaneshwar Surya Temple, Konark
Structural: Plan Density-43% Structurak Plan Density-47%

Figure 1. Structural plan density of Indian temples.
Source: https://www.ijresm.com/Vol 1 2018/Voll Iss10 Octoberl8/IJRESM V1 110 111.pdf.

TAPERED MASSING: SIKHARA AND GOPURAM AS NATURAL SEISMIC FORM

A recurring feature is pyramidal or curvilinear taper: Nagara S$ikharas and Dravida
vimanas/gopurams often reduce plan area and mass with elevation. This “mass gradation” lowers
overturning demand and base shear by placing less inertia at higher levels. In Nagara temples of North
India, the shikhara narrows continuously, concentrating mass at the base. In Dravida temples of the
South, monumental gopurams begin with massive stone plinths but transition to brick and wood in the
upper stories. This hybridization of materials significantly reduced the seismic load, even as the
structure appeared massive. This structural intuition mirrors contemporary design of high-rises, where
lighter materials are deliberately placed on higher floors to reduce inertia (Figures 2—-3) (Langenbach,
2002; Mark, 1982) [3—4].
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Figure 2. P};ramidal vaulted roof of an Indian temple. Figure 3.- Tall iight wefght roof of South Indian

temple.
Source: https://www.ijresm.com/Vol 1 2018/Voll Iss10_Octoberl8/IJRESM V1 110 111.pdf.

STRUCTURAL PLAN DENSITY AND LOAD PATHS

Indian temples were designed with high structural plan density, meaning a large proportion of the
footprint was covered by load-bearing elements. Thick walls, closely spaced columns, and redundant
support ensured that seismic forces were distributed across multiple paths. At Konark Sun Temple,
structural density reaches nearly 47%, compared to just 3% in modern RCC buildings. This explains
why temples have withstood centuries of earthquakes while modern buildings often fail due to soft-
story irregularities (Figure 4).
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‘The stone will topple over from its own weight unless its center of gravity rests within the limits of
wgll. Therefore stones are placed above one another in a way that their center of gravity rests
within the same limits i.e. to the left of the pivot (p).

Figure 4. Placement of stones in vaulted roof of Indian temples.
Source: https://www.ijresm.com/Vol_1_2018/Voll Iss10_Octoberl8/IJRESM V1 110 _111.pdf.

MASONRY INTELLIGENCE: CORNERS, COURSES, AND CORBELLING
Corbelled domes, as seen at the Dilwara Jain temples, illustrate how concentric rings redistributed
thrust into octagonal architraves, while spacious colonnades absorbed lateral loads. The Varahi Temple

at Chaurasi demonstrated innovative slab projections that shifted weight closer to supports, reducing
collapse risks (Figures 5a—b) (Hardy, 1995; Hardy, 2007) [5-6].

CASE STUDIES IN SEISMIC DESIGN
Indian Temple Seismic Design

Konark Sun Temple (Odisha), the Khajuraho group in Madhya Pradesh, the Dilwara Jain temples at
Mount Abu, and the Brihadeeswara temple at Thanjavur — distil a coherent seismic repertoire. Konark’s
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square mandala-based platform, terraced roofing, and dense colonnades manifest high structural plan
density and short, redundant load paths (Hardy, 2007) [6]. Khajuraho’s soaring, progressively tapering
Sikharas (e.g., Kandariya Mahadeva) achieve deliberate mass reduction with height, lowering
overturning demand and restraining torsion through plan symmetry (Hardy, 1995; Hardy, 2007) [5-6].
Dilwara’s ring-by-ring corbelled domes and octagonal mandapas redirect horizontal thrust into heavy
perimeter supports, while dry-set and interlocked masonry courses behave as continuous bands that
enhance integrity during lateral shaking (Mainstone, 1999; Langenbach, 2002) [3, 7]. Brihadeeswara’s
pyramidal granite vimana stabilizes the superstructure through gravity-favored geometry and a wide,
stiff plinth, approaching monolithic action in its upper tiers (Hardy, 2007) [6]. Across types, common
threads recur plan regularity, mass gradation, and redundancy, coupled with continuous load paths
achieved by ring courses, clamps, and tight cornering. Read against contemporary guidance (Table 1),
these time-tested strategies anticipate modern good practice — regular configurations, lightweight upper
tiers, tied diaphragms/bands, and the avoidance of soft stories — principles echoed by Indian seismic
standards and earthquake-engineering literature (Murty, 2015; Bureau of Indian Standards, 2016)
[1,8].

~ ~

(a) (b)

Figure 5. Corner reinforcement with interlocking stones and iron clamps.

Comparison of Seismic Features Across Indian Temples and Global Traditions

Within India, regional temple traditions reveal nuanced approaches to seismic resilience. Nagara
temples, characterized by their towering curvilinear Sikharas, derive stability from symmetry and
tapered massing, yet their tall and slender forms can become vulnerable if the base structure weakens.
Dravida temples, by contrast, employ material gradation — massive granite or stone at the base
transitioning to brick and lighter elements above — which significantly reduces seismic loads at higher
tiers, allowing even monumental gopurams to withstand lateral forces. Vesara temples of the Deccan
present a balanced synthesis, combining moderate verticality with dense columnar layouts; this
equilibrium between height and structural density ensures that they rarely suffer catastrophic failures
(Varma & Rai, 2010) [9]. In global comparisons, Japanese pagodas demonstrate remarkable seismic
endurance through ingenious timber joinery and the central shinbashira pillar, which enables controlled
swaying rather than collapse (Ishiyama, 1982) [ 10]. Gothic cathedrals in Europe managed lateral thrusts
through flying buttresses, a strategy comparable to Indian corbelling, though many proved vulnerable
in seismic zones due to the brittleness of their masonry (Mainstone, 1999) [7]. In contrast, modern
reinforced concrete (RCC) buildings often display poor seismic performance, particularly when
designed with soft stories, irregular plans, and limited redundancy — structural shortcomings that ancient
temples intuitively avoided through conservative geometry, symmetry, and redundancy (Murty, 2015;
Bureau of Indian Standards, 2016) [1, 8].

SYNTHESIS OF STUDY

Modern seismic design principles resonate strongly with the architectural strategies embedded in
Indian temple traditions, demonstrating a remarkable continuity between ancient practice and
contemporary guidance. First, the emphasis on regular and symmetrical plans — advocated by IS 1893
for their ability to minimize torsional irregularities — was intuitively observed by temple builders using
mandala-based, square or rectangular plans aligned to cardinal directions. Even in complex temple
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complexes, the sanctum (garbhagriha) and key halls retained strict bilateral symmetry, simultaneously
expressing cosmic order and structural stability (Bureau of Indian Standards, 2016) [8]. Similarly, the
principle of reducing mass with height, recommended in modern codes to lower inertial demands on
tall buildings, was inherent in the tapering $ikharas of Nagara temples and the hybrid construction of
Dravida gopurams, where heavy stone bases supported lighter brick and timber superstructures (Hardy,
2007) [6].

Table 1. Seismic features across Indian temples and global traditions.

Parameter| Nagara Dravida Vesara Temples Japanese Gothic Modern RCC
Temples Temples (Deccan) Pagodas Cathedral Buildings
(North India) | (South India) s (Europe)
Structural |Curvilinear  |Tiered Fusion of Nagara|Multi-tiered |Tall nave|Frame structures of]
Form Sikhara,  tall|pyramidal (curves) and|timber pagoda|with ribbed|reinforced concrete,
and  slender,|vimana and|Dravida (pyramids) |with  central|vaults and|often high-rise
massive base |monumental pillar flying
gopurams (shinbashira) |buttresses
Material ~|[Heavy dressed|Stone at base,[Mix stone masonry|Timber Stone RCC (concrete + steel
Used stone masonry |lighter with ornamental|(lightweight, |masonry [reinforcement)
brick/wood at|detailing flexible) with
upper levels stained
glass infill
Seismic Mass Hybrid Moderate height and|Flexibility and|Flying Ductility depends on
Strategy  |concentrated |material  use|dense columnar|damping buttresses |reinforcement;
at base;|reduces load;|layouts balance|through timber|redirect vulnerable if poorly
tapering upper tiers|forces joints and|lateral detailed
reduces inertia|lighter central pillar  |thrust to
with height ground
Redundanc [Dense Massive High  redundancy|Central pillar +|Buttresses |Limited redundancy:
y/Load colonnades  |plinths and|via compact column|wooden carry failure of one column
Paths and thick walls|tiered supports|arrangements brackets allow|horizontal |can trigger collapse
ensure distribute loads redistribution |thrust,
multiple load of loads vaulting
paths transfers
vertical
loads
Earthquake [High Excellent Stable performance:|Outstanding  [Mixed —|Poor if irregular or
Performan |resilience due|resilience: moderate verticality|survival record|many with soft story; brittle
ce to symmetry,|material avoids toppling in seismic|collapsed |failure without ductile
redundancy, |gradation Japan in historic|detailing
and tapering |enhances earthquake
safety S
Earthquake [High Excellent Stable performance:|Outstanding  [Mixed —[Poor if irregular or
Performan |resilience due|resilience: moderate verticality|survival record|many with soft story; brittle
ce to symmetry,|material avoids toppling in seismic|collapsed |failure without ductile
redundancy, |gradation Japan in historic|detailing
and tapering |enhances earthquake
safety S

Another key parallel is the reinforcement of comners and junctions. Earthquake engineering
emphasizes ductile bands and reinforced joints at stress-concentrated locations, while temples achieved
the same outcome through oversized quoins, interlocking stonework, iron clamps, and granite binders
that served as early seismic bands (Murty, 2015) [1]. Equally significant is the provision of redundancy
in load paths, a safeguard modern codes strongly encourage. Ancient temples, with their dense
colonnades, thick walls, corbelled domes, and terraced roofs, ensured that stresses were distributed
across multiple members; if one failed, others absorbed the load (Ishiyama, 1982) [10]. By contrast,
many RCC frames optimized for cost-efficiency lack such redundancy, leading to catastrophic
progressive collapses.
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The problem of soft stories, frequently responsible for the collapse of modern high-rises with open
ground floors, was virtually absent in temples. Builders consistently reinforced bases with solid plinths
and tightly packed supports, ensuring that the strongest portion of the structure was at ground level, not
above a vulnerable void. Finally, although ancient builders were unaware of steel reinforcement, they
achieved the equivalent of seismic bands and ductile detailing through horizontal stone ring courses,
dry masonry, and interlocked blocks. The Dilwara Jain temples’ corbelled domes, for example,
redistributed lateral thrusts in a manner analogous to modern tie-beams and seismic bands (Mainstone,
1999) [7].

The modern relevance of ancient wisdom is thus undeniable. In urban housing across seismic-prone
regions, adopting symmetrical, grid-based layouts inspired by the mandala could reduce torsional
effects and create modular, seismically efficient neighbourhoods. Lightweight roofing systems and
vertical gradation of materials — mirroring gopuram construction — can be reinterpreted through bamboo
composites, modular panels, or steel trusses to reduce seismic demand in multi-story buildings. Public
infrastructure, such as schools, hospitals, and metro stations, can be benefitted from temple-inspired
redundancy and density, ensuring functionality even if certain elements fail. Moreover, temples
demonstrate how cultural continuity and identity can coexist with seismic resilience: proportion systems
derived from Vastu and temple typologies can inspire modern architecture, especially in heritage
contexts, while simultaneously reducing vulnerability.

Equally important is the sustainability dimension of temple wisdom. The use of local materials, dry
masonry, and modular joinery not only reduced environmental impact but also allowed for repairability
— principles increasingly valued in resilient and eco-friendly construction (Mainstone, 1999) [7]. As
India pursues large-scale development under initiatives, like the Smart Cities Mission, temple strategies,
such as grid-based planning, redundant structural frameworks, and lightweight upper tiers, could be
explicitly incorporated into urban codes and planning guidelines.

In synthesis, the seismic strategies of Indian temples are not merely historical artifacts but living
lessons for contemporary practice. By emphasizing symmetry, tapering massing, structural redundancy,
robust bases, and sustainable materials, temple builders anticipated modern earthquake-resistant
principles centuries before codification. Their architecture illustrates that resilience and beauty are not
contradictory; rather, they are deeply intertwined aspects of an architectural philosophy that balances
structural safety, cultural meaning, and ecological sensitivity (Murty, 2015; Bureau of Indian Standards,
2016; Hardy, 2007) [1, 8]. These lessons remain vital today, offering a blueprint for designing safe,
culturally resonant, and environmentally responsible buildings in seismic zones worldwide.

CONCLUSION

Indian temple architecture embodies seismic intelligence far ahead of its time. Whether in the square-
based Nagara shrines, the pyramidal Dravida vimanas, or the hybrid Vesara temples, the emphasis on
proportion, mass gradation, plan regularity, and structural redundancy reveals a sophisticated
understanding of how buildings respond to seismic forces. What modern engineers describe as good
seismic design — regular plans, short load paths, lightweight upper structures, and redundant supports —
was already embedded in the design vocabulary of ancient builders, though expressed through cultural
and symbolic frameworks. Comparative insights further strengthen this recognition. While Japanese
builders relied on timber flexibility and the ingenious use of the shinbashira central pillar to withstand
earthquakes, and European cathedral builders used flying buttresses to redirect lateral thrusts, Indian
temple architects leaned on geometric clarity, corbelled masonry craft, and carefully layered massing.
This approach allowed stone temples, seemingly rigid and brittle, to achieve remarkable resilience over
centuries. Their survival across seismic zones in Gujarat, Odisha, Rajasthan, and Tamil Nadu stands as
living testimony to this wisdom. For modern practice, the challenge lies in translating these timeless
principles into contemporary contexts. As urban populations expand rapidly in India and across other
earthquake-prone regions, new demands of housing, infrastructure, and public buildings often lead to
compromises in safety. The lessons of temple architecture provide a blueprint for integrating cultural
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continuity with safety and sustainability. Square and symmetrical layouts can inspire earthquake-
resilient housing; lightweight roofing and mass gradation can be adapted through modern materials like
composites and steel; and redundancy in load paths can inform the design of schools, hospitals, and
transit hubs, where structural failure would be catastrophic. Equally important is the dimension of
identity and heritage. In an age where cities risk becoming anonymous due to globalized architecture,
drawing on temple design principles provides not only seismic resilience but also cultural rootedness.
Proportion systems derived from the Vastu Purusha Mandala can inform urban layouts, while temple
strategies of dry masonry, local material use, and modular joinery align with today’s pursuit of
sustainability and eco-friendly construction. The enduring dialogue between past and present ensures
that architecture remains not merely a vessel of beauty but also a guardian of resilience and continuity.
Temples remind us that the most successful architecture is that which harmonizes structural safety,
cultural meaning, and environmental responsibility. By bridging ancient wisdom with modern science,
we can aspire to create cities and structures that stand strong against earthquakes, enrich human
experience, and honor the timeless philosophy of balance and harmony that Indian temple builders so
profoundly understood.
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