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Abstract:

The present study was conducted with the aim of formulating a scientific framework for the optimal organization of functional spaces in
multi-purpose pedestrian-oriented bridges in Iran. The main research problem concerns how a spatial model can be proposed that not only
meets the functional requirements of the bridge, but also enhances user experience and facilitates the emergence of social interactions within
these environments. Pedestrian bridges in urban contexts containing rivers and waterways have the potential to operate beyond the role of a
mere passageway and to transform into spaces for pause and events. Research indicates that most studies worldwide—and especially in
Iran—have been concentrated on the structural and physical aspects of bridges, while functional dimensions and spatial configuration
analyses in multi-purpose bridges have been comparatively underexplored. Meanwhile, the design of such multi-functional spaces requires
a generative approach capable of objectively and measurably representing configurational relationships. Accordingly, the present study
employs the quantitative method of Space Syntax as its theoretical framework and analytical tool—a methodology that, through modeling
and evaluating spatial configuration relationships, enables the prediction of areas suitable for events, interaction, and retreat. Within this
framework, the functional spaces of the bridge are modeled as nodes within a spatial network, together with their connections, in the
Grasshopper—Rhino environment, and various configuration scenarios are developed based on common spatial organization patterns. The
key Space Syntax indices are then extracted using computational simulation and serve as the basis for a comparative evaluation of the
scenarios. By integrating theoretical analysis and generative design, this process establishes the groundwork for presenting a data-driven and
locally adaptable model for the optimal organization of pedestrian-oriented bridges in various Iranian contexts.
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Multi-purpose pedestrian-oriented bridges have evolved into critical public spaces that merge mobility, social interaction,
and urban vitality. Historically, bridges have served as connectors across geographical and social boundaries, shaping the
movement of people, goods, and cultural exchange. Contemporary scholarship indicates that spatial configuration plays an
essential role in enabling such structures to function as socially responsive environments, shaping how people move, gather,
and experience urban landscapes. The emergence of Space Syntax theory, introduced by Hillier and Hanson, offers a rigorous
method for analyzing and predicting how spatial arrangements affect patterns of movement and interaction (1, 20).
Complementary studies confirm that bridges must be designed at a human scale, attuned to social needs, and integrated into
the wider morphology of the city (7). Historical accounts also underscore the evolutionary and socio-cultural functions of
bridges in Persian cities, contributing to urban coherence and collective identity (4, 5).

In contemporary urban settings—especially in Iranian cities shaped by diverse climatic, cultural, and geomorphological
conditions—pedestrian bridges have the capacity to function as vibrant public venues that support both movement and
experiential engagement. Scholars emphasize that modern societies, characterized by privatized lifestyles and reduced public
interaction, require renewed investment in lively communal spaces (6). Bridging this need requires spatial designs that integrate
behavior, morphology, and meaning (11).

Research on bridge architecture has traditionally focused on structural and engineering dimensions, leaving a significant
gap in functional-spatial analysis. Likewise, although Space Syntax has been widely applied in urban analysis—from predicting
pedestrian flows (12) to understanding social interactions in public spaces (13)—applications in generative design for multi-
purpose pedestrian bridges remain limited. Moreover, studies caution that syntactic results are sensitive to defined boundaries
and methodological inconsistencies (14). Therefore, an integrated analytical-generative process is required to model, test, and
optimize bridge spatial layouts.

Additional research in architectural and landscape contexts shows that syntactic measures can reveal latent socio-spatial
logic (21), predict circulation flows in commercial environments (16), and mediate between objective and subjective spatial
dimensions (17). The method also helps validate design intuition through quantitative measurement (19). Yet critiques highlight
that Space Syntax may oversimplify spatial complexity or exclude critical contextual variables such as land-use or vertical
geometry (25, 26).

More recent work demonstrates a shift from analytical to generative design using syntactic reasoning (27, 28), addressing
long-standing gaps between design exploration and post-design evaluation. In this evolving methodological landscape, multi-
purpose pedestrian bridges in Iran present a unique opportunity for synthesizing cultural, functional, and spatial parameters
within a computationally grounded design framework.

The present study aims to articulate an optimized functional deployment model for pedestrian-oriented multi-purpose
bridges in Iran using Space Syntax as its primary analytical and generative tool.

Methods and Materials

This research followed a quantitative design strategy using computational simulation and scenario-based spatial modeling.
First, a systematic review of historical, architectural, environmental, and socio-cultural characteristics of Iranian and
international pedestrian bridges was conducted to identify recurring functional spaces—such as viewpoints, cafés, multi-
purpose platforms, bicycle lanes, and service areas—and to determine their relative spatial value in successful bridge
precedents. These insights were then translated into a base graph model in which each functional space was represented as a

node connected through possible pedestrian and bicycle routes.
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Using morphological principles derived from urban form taxonomies, five representative spatial configuration scenarios
were generated, including linear arrangements, clustered layouts, dual-layer structures, and multi-gate systems. These scenarios
were modeled in Rhino-Grasshopper using the Syntactic plugin, enabling transformation from conceptual diagrams to
analyzable spatial graphs.

Eight detailed syntactic simulations were then performed, extracting four key Space Syntax metrics: integration, choice,
control, and entropy. These outputs were tabulated for each scenario to allow comparison. A multi-criteria decision-making
process was subsequently applied in which the metrics were weighted based on patterns observed in documented case studies.
Sensitivity testing ensured that the final optimized configuration remained stable under varied weighting assumptions.

Findings

The scenario-generating phase yielded five primary configuration models capturing a wide spectrum of plausible spatial
arrangements for multi-purpose pedestrian bridges. Linear configurations around a central path (Scenario 1) represented the
simplest syntactic structure, while clustered arrangements (Scenario 2) introduced richer spatial differentiation between
movement and pause areas. A hybrid linear—peripheral path model (Scenario 3) added multiple circulation layers, and the two-
level structure (Scenario 4) introduced vertical complexity with separate or integrated functional layers. Multi-gate
configurations (Scenario 5) incorporated three to five access nodes, creating complex circulation patterns through the bridge.

Syntactic analysis revealed significant variation across scenarios:

e Integration values were highest in scenarios where functions were positioned along or adjacent to primary movement
routes, with Scenario 2 showing particularly strong centrality for multi-purpose and café spaces.

o Entropy varied widely: low-entropy scenarios indicated highly readable spatial structures, while higher entropy
scores—particularly in Scenario 3 and two modes of Scenario 4—reflected increased spatial complexity and a greater
diversity of route options.

e Choice analysis showed that several scenarios produced strong through-movement corridors, especially scenarios with
multiple circulation layers; in these cases, pedestrian flows were distributed more evenly across the structure.

e Control values demonstrated which functional spaces exerted influence over adjacent circulation routes. Scenario 3-
4 and Scenario 2-4 offered the most balanced distribution of controlling nodes, indicating a more equitable spatial
hierarchy.

The comparative multi-metric assessment showed that Scenario 3-4 (the dual-layer hybrid configuration) provided the most
favorable balance between movement continuity, spatial legibility, and opportunities for interaction. Scenario 2 also performed
strongly but lacked the layered flexibility seen in Scenario 3-4. Linear Scenario 1 ranked lowest due to limited spatial richness
and reduced potential for social engagement.

Discussion and Conclusion

The findings indicate that functional deployment in multi-purpose pedestrian bridges is optimized when spatial
configurations integrate both horizontal and vertical layering, enabling simultaneous movement and interaction without
compromising clarity of circulation. The dual-layer hybrid scenario effectively reconciles three design needs: continuous
pedestrian flow, distributed interaction nodes, and intuitive spatial navigation.

The results demonstrate that bridges benefit from syntactic structures that allocate high-integration zones to social and multi-
purpose spaces, while directing more specialized or service-oriented functions toward moderate-integration zones. Multi-gate

systems offer greater distribution of movement, yet require careful control of complexity to avoid cognitive overload. The
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syntactic evidence confirms that the vibrancy of pedestrian bridges depends not merely on physical form or amenities but on
underlying configurational logic.

Overall, the study shows that Space Syntax provides a powerful generative and diagnostic framework for designing
pedestrian bridges that function as public destinations rather than simple connectors. The optimized model produced here can
guide future context-sensitive bridge design across Iranian urban waterways, supporting enriched social life, experiential

quality, and functional versatility within these critical urban infrastructures.
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