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Highlights
e This study presents a novel physical-functional classification of 17 passive ventilation strategies across four

architectural categories: roof-based, wall-based, transitional spaces, and floor-based.

e Ventilation efficiency and indoor air quality were identified as the most critical decision-making criteria,
collectively accounting for 36.4% of the total weight in expert evaluations.

e The performance of passive airflow strategies is significantly climate-dependent, with openings and interior
layout excelling in temperate-humid and hot-humid climates, windcatchers and courtyards in hot-dry climates,
and solar chimneys with Trombe walls in cold-mountainous climates.

o Effective passive ventilation emerges from synergistic combinations such as "windcatcher + courtyard +
openings" in hot-dry regions and "windows + Trombe wall + atrium" in cold climates.

e The proposed framework provides architects and researchers with a decision-support tool for designing climate-
responsive breathable architecture in Iran.

Extended Abstract

Intoduction

Indoor air quality has become a central concern in sustainable architecture, with fresh air supply impacting occupant
health, comfort, and energy consumption. Passive and climate-responsive approaches enhance environmental quality
while reducing mechanical system dependence (He et al., 2023). "Breathable architecture" extends beyond natural
ventilation, conceptualizing buildings as dynamic systems orchestrating fresh air delivery through envelope, form,
transitional spaces, and openings (Pan et al., 2024). However, existing literature remains fragmented, focusing on
individual elements in isolation (Ali, 2024). This gap is significant in Iran, characterized by four climatic zones: cold-
mountainous, hot-dry, hot-humid, and temperate-humid, each presenting distinct requirements. This study provides a
novel classification and multi-criteria evaluation across Iran's four climates through expert judgment.

Theoretical Framework

Breathable architecture views buildings as dynamic systems interacting with their environment. The goal is an
integrated "respiratory system" managing air, moisture, and heat exchange (Stavridou, 2015). Passive ventilation
strategies operate without mechanical equipment, relying on wind pressure, thermal buoyancy, or pre-conditioning
(Ali, 2024). Climate variables fundamentally determine optimal strategies (Rezaei et al., 2024). Previous classifications
are fragmented: driving-force categorization explains physics but not design; airflow pattern classification ignores
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physical placement; element-based listings lack systematic relationships. A comprehensive design-oriented framework
remains absent.

Multi-criteria decision-making provides robust evaluation against multiple criteria (Hwang & Yoon, 1981). TOPSIS
ranks alternatives by proximity to ideal solutions. Shannon entropy provides objective weighting from data structure
(Chen & Li, 2010), making this combination appropriate for evaluating multiple strategies across four climates.

Methodology

This applied research uses a mixed-methods approach. Through systematic literature review, 17 passive airflow
strategies were identified and categorized into four physical groups: roof-based (solar chimney, roof window, ridge
vent, double-skin roof, windcatcher, wind scoop/exhaust), wall-based (windows/openings, shading, double-skin
facade, Trombe wall), transitional spaces (atrium, courtyard, interior layout, corridors/stairs), and floor-based (floor
diffusers, underfloor air distribution, earth-air heat exchangers). Three-round Delphi with five experts validated this
classification (Kendall's W=0.87, p<0.01). Eight evaluation criteria were extracted: ventilation efficiency, indoor air
quality, controllability, flexibility, architectural integration, maintenance ease, implementation cost, and execution
performance.

Using purposive and snowball sampling, 63 experts were recruited by climate expertise: temperate-humid (n=17), hot-
dry (n=15), cold-mountainous (n=16), and hot-humid (n=15). The panel showed strong diversity (31 doctorates, 32
masters’; 32 with >15 years experience). A questionnaire included a 17x8 evaluation matrix on a five-point Likert
scale and open-ended synergy questions. Reliability was confirmed (¢=0.937; ICC=0.886) and validity via CVR>0.78
and CVI=0.94.

For each climate, a decision matrix was constructed from mean expert ratings. Shannon entropy weighted criteria:
ventilation efficiency (0.192) and indoor air quality (0.172) most important. TOPSIS ranked strategies using vector
normalization and relative closeness coefficients. Robustness was assessed via sensitivity analysis, comparison with
VIKOR, and random re-testing. Synergy analysis used co-occurrence matrices with NSC>0.6 indicating high synergy.

Results & Discussion

Shannon entropy confirmed ventilation efficiency (19.2%) and indoor air quality (17.2%) as most discriminating.
TOPSIS rankings: In temperate-humid, top performers were windows/openings (Ci=0.782), interior layout (0.745),
windcatcher (0.718), shading (0.694), and corridors/stairs (0.673). In hot-dry, windcatcher (0.851) and courtyard
(0.823) ranked highest, followed by shading (0.779), windows (0.751), and wind scoops (0.728). In cold-mountainous,
windows/openings (0.806), solar chimney (0.778), atrium (0.742), Trombe wall (0.719), and corridors/stairs (0.688)
comprised the top five. In hot-humid, windows (0.794) and windcatchers (0.761) achieved highest performance,
followed by shading (0.733), wind scoops (0.705), courtyards (0.672), and atria (0.648). Floor-based strategies were
consistently lowest (C;i<0.35).

Windcatcher excelled in hot-dry (rank 1) and hot-humid (rank 2) but fell to rank 14 in cold. Windows/openings
achieved rank 1 in three climates. Solar chimney performed exceptionally in cold (rank 2) but poorly elsewhere.
Spearman correlations confirmed strong agreement between hot-dry and hot-humid (p=0.66, p<0.01) but weak
correlations with cold (p=-0.04 to 0.33). Category-level analysis showed wall-based strategies dominated in temperate-
humid (mean=7.25) and cold (5.50), transitional spaces led in hot-dry (6.50) and hot-humid (6.50), roof-based ranked
third (8.00-9.33), and floor-based consistently lowest (14.0-14.67).

Synergy analysis revealed core pairs: "windows + interior layout" (20.6%) in temperate-humid, "courtyard +
windcatcher" (19.0%) in hot-dry, "windows + Trombe wall" (18.4%) in cold, and "windows + interior layout" (16.1%)
in hot-humid. Recommended three-element combinations included "windows + courtyard + windcatcher" (hot-dry)
and "windows + atrium + Trombe wall" (cold). Robustness validation confirmed top-five strategies stable under +20%
weight variations; Spearman correlations between TOPSIS and VIKOR exceeded 0.8 in all climates (p<0.01); random
re-testing maintained >95% consistency.

Conclusion

This study addressed the critical gap in natural ventilation literature by providing a comprehensive, climate-oriented,
design-based framework for classifying and evaluating passive fresh-air flow strategies. The proposed physical-
functional classification organizes 17 strategies into four categories, enabling systematic comparison across Iran's four
major climates. Ventilation efficiency and indoor air quality emerged as the most influential decision-making criteria.
TOPSIS demonstrated that no single strategy suits all climates; performance is directly conditioned by regional
characteristics. Synergy analysis revealed that passive ventilation achieves maximum effectiveness through integrated
design, confirming that breathable architecture emerges from intelligent organization of complementary strategies.
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This research contributes three major outcomes: a novel design-based classification, climate-specific multi-criteria
evaluation, and identification of synergistic patterns—serving as a decision-support tool for architects and
researchers. This study focused on expert-based evaluation rather than physical simulation. Future research should
complement these findings through CFD simulations and field measurements.
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