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Abstract:

The purpose of this study is to compare structural performance, construction time, and total cost between traditional building systems and
flat shell systems in residential construction. This analytical-descriptive study was conducted using nonlinear numerical analysis in Abaqus
and limited field observations. The models consisted of a three-story masonry building and a flat concrete shell system with a thickness of
7-10 cm. Cost estimation was performed using the national schedule of rates and engineering quantity surveying. Seismic behavior was
assessed through friction pendulum isolation modeling and the Iranian Standard 2800 spectrum. Thermal loading, concrete type C25
properties, soil type III characteristics, and the steel shell fabrication process—including cutting, welding, assembly, and quality control—
were also evaluated. Results indicated that traditional systems, due to large wall thickness, heavy weight, and weak tensile and shear
resistance, perform poorly under seismic forces. In contrast, the flat shell system, benefiting from reinforced concrete and high ductility,
demonstrated significantly improved performance. Fire analysis showed that traditional systems become unstable within 10 minutes, while
shell systems maintain integrity longer due to concrete confinement and increased buckling capacity. Economically, steel consumption in the
shell system was reduced by about 55% compared with steel structures, and overall construction costs were approximately 35% lower than
traditional systems. Moreover, diagonal stiffener connections exhibited 30% higher load capacity compared with parallel stiffeners. The
study concludes that flat shell systems offer superior seismic resistance, thermal behavior, material efficiency, and cost-effectiveness
compared with traditional construction methods. Proper connection detailing, well-designed shell geometry, and nonlinear analysis
significantly enhance structural safety and overall performance.
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Extended Abstract

Introduction

In recent decades, the construction industry has undergone substantial transformations in building materials, structural
systems, and execution technologies, prompting a reassessment of traditional load-bearing systems relative to emerging
alternatives. Among these alternatives, flat shell systems have attracted significant attention due to their potential advantages
in speed, cost-efficiency, and structural performance. While traditional systems—primarily masonry or framed structures with
beams and joists—have long remained prevalent due to the familiarity of labor crews and the availability of materials, their
construction often requires extensive formwork, multiple sequential operations, and therefore longer execution time (2). At the
same time, the growing need for faster delivery of residential units, reductions in total project cost, and improvements in seismic
and fire performance have made the evaluation of alternative systems increasingly important (1).

Flat shell systems, characterized by thin reinforced concrete shells with minimized or eliminated beams, offer practical
advantages by simplifying formwork, decreasing structural dead load, and providing greater architectural flexibility. Research
has demonstrated that flat slab systems can markedly decrease construction time and streamline scheduling by reducing the
number of required construction stages (3). Additionally, economic analyses reveal that such systems often reduce formwork

and labor costs, and can therefore provide more cost-efficient outcomes despite potential increases in reinforcement demand
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(5). However, the suitability of flat shell systems depends on careful evaluation of structural behavior, including punching shear
vulnerability, detailing of reinforcement, and adequacy of connection design (8).

Comparative studies also highlight important differences in quality and seismic performance. Traditional systems,
particularly masonry structures, are hindered by heavy wall sections, weak tensile and shear resistance, and poor energy
dissipation—factors that lead to deficiencies under earthquake loading. Conversely, flat shell systems achieve favorable seismic
behavior due to their ductility, reduced weight, and improved load distribution, provided that the design adheres to structural
standards and nonlinear analysis principles (9). From an architectural standpoint, the absence of intermediate beams and the
reduction in story height may also improve spatial efficiency and functional value for residential buildings (7). Finally, market-
driven concerns—including project duration, labor availability, and material price fluctuations—underscore the need for a
rigorous technical and economic comparison between these systems (10).

Considering the industry's increasing need for faster construction, cost optimization, and improved safety, the present study
compares traditional structural systems with flat shell systems in residential buildings in terms of structural behavior, execution
time, and construction cost. The synthesis of numerical modeling, field observation, and engineering cost analysis provides a
comprehensive basis for determining the relative advantages of each system. This study is therefore conducted with the aim of
analyzing and comparing structural performance, construction duration, and overall cost between traditional systems and flat
shell systems in residential buildings.

Methods and Materials

This study was conducted using an analytical-descriptive approach, combining nonlinear numerical modeling with limited
field evaluation and engineering cost estimation. Two structural configurations were modeled: a three-story masonry building
representing the traditional system and a thin reinforced concrete shell system with a final thickness of 7-10 cm. Geometrical
dimensions, loading conditions, material properties, and boundary constraints were defined based on practical residential
construction scenarios.

Material characteristics—including concrete compressive strength, steel yield strength, and relevant elastic properties—
were selected in accordance with engineering standards and typical construction practice. The flat shell system was modeled
as a layered assembly: an inner and outer reinforced concrete shell, each designed to maintain thin cross-sections while ensuring
adequate ductility, with a lightweight infill material placed between the shells to reduce weight and improve performance.

Nonlinear numerical analysis was carried out using the Abaqus software, chosen for its capability to capture complex
material behavior, cracking, nonlinear stiffness degradation, and the effects of both lateral and gravitational loads. The analysis
incorporated soil conditions consistent with Iranian Standard 2800, assuming Soil Type III, and used the standard seismic
spectrum rather than site-specific spectra in order to maintain modeling efficiency. Thermal loading behavior was also
evaluated following the thermal curve specified by European Standard EN 1363.

Data collection for cost evaluation relied on the Iranian national schedule of rates (Fhehrest-e-Baha) and a systematic
quantity-surveying process. Steel fabrication processes—including cutting, welding, assembly, and quality control—were
documented to assess construction time and labor intensity. The study also included analysis of foundation isolation
mechanisms using SAP2000, modeling friction-pendulum isolators in cases where traditional rural foundations exhibited such
behavior.

All modeling outputs were analyzed to compare structural safety margins, failure mechanisms, fire resistance, material
consumption, and overall economic impact between traditional and shell systems.

Findings
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Numerical results reveal significant structural advantages for the flat shell system. Due to its reduced wall thickness,
lightweight configuration, and use of reinforced concrete, the shell system performed markedly better under seismic loading
than the traditional masonry system. The traditional system exhibited substantial weaknesses in tensile and shear capacity,
resulting in poor resistance to lateral forces, greater displacement demands, and higher vulnerability to collapse mechanisms.

Fire behavior analysis demonstrated sharp contrasts between the two systems. Traditional structures, owing to their reliance
on unprotected steel reinforcement in rigid beam-column connections, exhibited instability within less than ten minutes of
exposure to the standard fire curve. In contrast, the shell system—benefiting from concrete confinement around steel
components—maintained integrity significantly longer, enhancing fire safety margins and delaying structural failure.

Foundation isolation modeling indicated that friction-based isolators traditionally used in rural regions of Rasht performed
well in dissipating input energy during strong ground motions, confirming observational evidence from historical earthquakes.
The study showed that these isolators effectively restricted tensile forces and provided substantial displacement-based energy
reduction.

Material analysis found that steel consumption in the shell system was reduced by approximately 55% compared with
conventional steel building systems, and overall construction costs were about 35% lower than those of traditional masonry
structures. Additionally, connection studies revealed that diagonal stiffeners in shell connections supported 30% higher load
capacity than parallel stiffeners, and plastic hinge formation occurred more favorably in beams rather than columns.

Time-related findings showed that the flat shell system significantly reduced execution time because of simpler formwork,
integrated reinforcement placement, and reduced dependence on step-by-step construction. This efficiency contributed to lower
indirect costs and improved scheduling reliability.

Discussion and Conclusion

The results demonstrate that flat shell systems provide substantial advantages over traditional structural systems in
residential construction. The shell system's enhanced seismic behavior—supported by higher ductility, lower mass, and
improved energy dissipation—indicates superior performance under strong lateral loading. The fire resistance comparison also
highlights a critical safety benefit, as traditional systems rapidly lose strength under elevated temperatures, whereas the shell
system maintains load-bearing capacity for significantly longer durations.

Economically, the reduction in steel consumption, formwork, and labor requirements translates directly into lower
construction costs. These cost savings, combined with shorter execution time, make flat shell systems especially attractive for
residential projects requiring rapid delivery and budget efficiency. The improved performance of diagonal stiffener connections
further suggests that careful detailing can enhance both safety and constructability.

Despite the advantages demonstrated, the study acknowledges the need for further physical testing and laboratory-scale
validation, as numerical analyses alone cannot fully capture complex real-world behaviors. Future research should expand to
include alternative shell geometries, additional connection types, and experimental verification of fire and seismic performance.

In conclusion, flat shell systems constitute a structurally efficient, economically viable, and execution-friendly alternative
to traditional residential construction systems. Their superior seismic resistance, improved fire performance, reduced material
consumption, and shortened construction time collectively highlight their potential as a modern and practical solution for the

residential sector.
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