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Objective: This research investigates the structural principles underlying the
sustainability of historic houses in Maku, Iran. It aims to analyze indigenous
construction techniques to elucidate how historical builders achieved resilient
and stable structural systems in this mountainous region. By leveraging
generational empirical knowledge and the strategic selection of local materials,
Maku’s historic architecture features structural patterns that were developed to
effectively address both functional requirements and long-term physical
durability. The hybrid application of stone, timber, and other available materials
plays a decisive role in establishing this structural stability.

Findings: The findings indicate that by relying on empirical knowledge and the
strategic integration of indigenous materials—particularly stone and wood—
Maku’s local architects developed patterns that enhance structural integrity while
contributing to physical and economic sustainability. The structural geometry
and gravity load distribution in these houses reflect an optimal balance between
structural flexibility and physical performance, demonstrating a seamless
integration of structure and architecture adapted to the region’s unique
topography and climate.

Methodology: This research employs a descriptive-analytical method. Data
were collected through the analysis of surviving historic houses, including the
National Bank, the Police Station, and the Finance Department, archival
research, field surveys, and the interpretation of oral narratives from local master
builders. This approach facilitates a comprehensive understanding of the
underlying logic and historical structural techniques inherent in these buildings.
Conclusion: The study concludes that the structural models of Maku,
characterized by the intelligent organization of load-bearing elements, hold
significant potential for reproducing sustainable solutions in contemporary
design. The logic of material usage and force distribution systems in these
buildings can serve as a practical paradigm for enhancing structural quality and
sustainability in modern construction.
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Vernacular architecture should not be understood solely in terms of visual or formal qualities. Rather, it constitutes
an organized system shaped by the interaction of human needs, environmental constraints, site-specific natural
conditions, and available technical resources. Accordingly, the built fabric of vernacular architecture in any region
reflects specific patterns of adaptation to local climatic, geological, and cultural conditions.

Within this context, the historic city of Maku, located in northwestern Iran and characterized by its mountainous
and rocky terrain, provides a significant case for examining the relationship between natural geomorphology and
traditional construction systems. The placement of parts of Maku’s historic urban fabric among massive rock
formations and on steep slopes required architectural solutions capable not only of ensuring indoor thermal
comfort in a cold mountainous climate, but also of addressing structural stability, load transfer, differential
settlement, lateral thrust, and climatic loads, particularly snow loads.

In such a demanding topographical setting, Maku’s historic buildings were required to maintain structural stability
on irregular rocky ground while simultaneously providing habitable interior environments. Accordingly, the
principal concern of this research is to identify and explain the structural and construction strategies employed by
local master builders to create stable residential and administrative buildings in the cold and rocky environment
of Maku. The central question is how the structural systems of these buildings achieved equilibrium by reconciling
the demands of construction on a hard and discontinuous rocky substrate with the mechanical properties of local
materials and the functional requirements of the buildings.

To address this question, three prominent historic buildings in Maku were selected: the National Bank building,
the Police Department building, and the Department of Finance building. These case studies were chosen on the
basis of two principal criteria: first, their importance within the historical and physical fabric of the city; and
second, observable evidence of their long-term structural stability under both gravity and lateral loads over their
service life. Preliminary observations suggest that these buildings have demonstrated satisfactory performance
under dead loads, snow loads, thermal expansion, localized ground movement, and lateral actions.

The analysis of these buildings therefore makes it possible to formulate a coherent understanding of the structural
logic underlying Maku’s historic architecture. The primary objective of this study is to examine the hidden
structural mechanisms of these buildings, with particular emphasis on the relationships among materials,
construction details, building geometry, and load paths. More specifically, the study seeks to clarify how the
integration of heterogeneous materials, especially stone, adobe, and timber, within a unified construction system
resulted in a structure that was both stable and adaptable on a rigid rocky foundation. Within this framework, the
concept of adaptive construction logic is proposed as an analytical tool to describe a building system that develops
in accordance with, rather than in opposition to, the physical and geometric logic of the natural ground.

This qualitative study adopts a descriptive-analytical approach. The process of data collection, organization, and
analysis was executed across four complementary layers:

1. Technical Documentation and Surveying: The three selected buildings were subjected to direct physical
inspection. Key structural details were recorded and analyzed, including the anchoring of walls to the
rocky bed, the dimensions and thickness of load-bearing piers across different floors, the arrangement of
timber elements in floor/ceiling systems, the bonding patterns of materials, and the masonry techniques.

2. Qualitative Mechanical Analysis of Indigenous Materials: The physical and structural properties of the
primary materials (stone, adobe, and timber) were evaluated based on classical mechanics to determine
their respective contributions to compressive, tensile, and shear resistance, as well as the composite
behavior of the masonry assembly.

3. Comparative Analysis: A comparative evaluation of the three case studies was conducted to identify
shared constructive patterns and localized variations, aiming to establish a generalized framework for
Maku’s historical building systems.

4. Interpretation of Oral Histories and Tacit Knowledge: Local master builders’ implicit knowledge—
which is rarely documented in technical drawings but remains critical for understanding historic
foundation techniques, material bonding, and topographic adaptation—was interpreted and integrated
into the analysis.
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The field surveys and structural analyses indicate that the construction system of Maku’s historic buildings
operates across three primary levels:

. 1. Gravity Load Management and Slenderness Control of Load-Bearing Elements
Analysis of the load-bearing piers, particularly in the Finance Department building, reveals that the walls were
constructed with a vertically tapered profile. The thickness of the ground floor walls, which rest directly on stone
foundations or bedrock, ranges between 100 and 120 cm. This substantial thickness served multiple concurrent
functions: safely transferring upper-floor gravity loads to the ground, increasing the footprint of the building on
the uneven substrate, reducing localized stress concentrations, and providing mass-based resistance against lateral
earth pressure and potential soil thrust. Additionally, these thick walls acted as high thermal mass barriers,
stabilizing indoor temperature fluctuations in the cold climate.
On the upper floors, wall thickness decreases to approximately 60 to 80 cm. This gradual reduction is not merely
an economic or practical choice but a deliberate structural logic. Decreasing mass along the height reduces the
dead load of the upper floors, thereby lowering the overturning moment and seismic shear forces. Furthermore,
this configuration ensures a logical load path from the lighter upper components to the highly consolidated ground
floor mass. In other words, a structural rigidity hierarchy is evident, characterized by a controlled reduction in
weight and stiffness from the base to the top.

o 2. Material Synergy and the Role of Timber Lacing in Structural Integrity
One of the key findings of this research is the systematic integration of horizontal and vertical timber elements
(timber lacing or katibeh) within the stone and adobe masonry walls. In the Police Department building, these
timber elements form a three-dimensional grid, providing integrity to the perimeter walls. This mechanism
operates as a containment or tie-beam system. Timber, possessing high tensile strength and energy dissipation
capacity, acts as a ductile complement to the brittle, compression-dominant stone and adobe masonry.
While stone and adobe provide excellent compressive resistance, they are highly vulnerable to tension and sudden
deformations. The inclusion of timber members prevents localized stress concentration, mitigates crack
propagation, and wards off brittle failure modes. Under lateral forces (such as seismic action, uneven settlement,
or thermal expansion), these timber elements introduce ductility into the structural system.
Thus, while the stone piers provide the primary load-bearing capacity and stiffness, the timber elements act as a
structural mediator, preventing localized failures from escalating into global collapse. This behavior can be
described as a “middleware” structural mechanism—neither entirely rigid nor fully flexible, but reliant on a
combination of strength and controlled deformation. This mechanism is critical in Maku, where structures must
adapt to severe thermal cycles and non-homogeneous foundation soils.
The floor and roofing systems follow a similar logic. In all three buildings, the floors are constructed using
regularly spaced timber joists. These joists transfer floor loads linearly to the load-bearing masonry walls while
minimizing the building’s dead weight. Above these timber joist systems, light wooden trusses or pitched framing
were installed in certain zones to create sloped roofs. This configuration is highly effective in Maku’s cold, snowy
climate, as the pitched roof sheds snow rapidly, preventing the accumulation of heavy snow loads.

. 3. Geometric Adaptation to Topography and Foundation Design
A defining characteristic of Maku’s historic architecture is its direct anchorage to the bedrock or shallow lithic
strata. Field evidence from all three buildings shows that rather than executing extensive leveling of the rocky
terrain, the builders utilized a “step-footing” (pi-sazi-ye pellei) strategy. Each section of the building foundation
was placed on an undisturbed natural rock terrace, managing elevation differences through controlled steps in the
foundation.
This approach offered significant engineering advantages: it avoided the labor-intensive excavation of bedrock,
preserved the natural integrity of the ground, minimized the risk of differential settlement, and enhanced the
mechanical bond between the superstructure and the bedrock. Instead of imposing a rigid geometric form on the
site, the building’s geometry adapted to the natural topography.
This principle is most pronounced in the Finance Department building, where natural rock outcrops serve not only
as foundation support but also function directly as part of the load-bearing wall system. This integration blurs the
boundary between the natural ground and the man-made structure, establishing physical continuity that optimizes
direct, safe load transfer to the solid bedrock.
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Based on the findings of this research, the traditional construction system of Maku can be understood as a
structural logic based on minimum intervention and maximum adaptation. Within this framework, major building
components are primarily functional rather than decorative, and each element performs simultaneous structural,
constructive, and climatic roles. Stone not only carries compressive loads but also provides thermal mass for
indoor temperature regulation. Adobe walling improves the thermal performance of the envelope, while timber
elements act both as tensile lacing to limit cracking and as lightweight joists in floor and roof systems. Maku’s
traditional construction system relied on geometric alignment with natural slopes, effective use of bedrock bearing
capacity, and minimal site excavation. This indicates that structural stability in vernacular architecture depends
not only on material strength, but also on contextual understanding and efficient load distribution. A key
contribution of this study is the identification of a hybrid structural behavior in Maku’s historic buildings. This
condition, neither fully rigid nor fully flexible, results from the composite interaction of materials with contrasting
mechanical properties. Stone and adobe provide mass, stability, and compressive resistance, while timber
contributes tensile capacity, ductility, and stress redistribution. Together, these materials enable the buildings to
accommodate thermal variation, material movement, and minor foundation settlement. From a bioclimatic
perspective, this system is also highly effective. The thermal mass of stone and adobe moderates indoor
temperature fluctuations in the cold mountain climate, while lightweight timber roof structures support pitched
forms that improve snow shedding. Ultimately, the structural systems of Maku’s historic architecture are
inseparable from their site. Rather than being imposed on the landscape, they emerge from it and remain
structurally bonded to the bedrock. This finding highlights the importance of recovering vernacular engineering
knowledge, not only for architectural heritage conservation, but also for developing contemporary low-impact
structural solutions for mountainous environments.
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