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The Impact of Courtyard Layout on Outdoor Thermal Comfort:
A Parametric Study in Mid-Rise Residential Buildings in Shiraz City”

Abstract

The spatial configuration of courtyards in residential
buildings plays a crucial role in outdoor thermal comfort.
Courtyards, as passive cooling strategies, have been widely
used in warm climates to enhance microclimatic conditions.
However, despite growing global concerns about climate
change, the role of courtyard placement in architectural design
remains largely overlooked. Many designers fail to account
for the thermal performance of courtyard layouts, leading
to inefficient designs that fail to maximize outdoor comfort.
This research underscores the importance of integrating
computational simulations and optimization techniques in
architectural design for enhancing outdoor thermal comfort.
The findings provide valuable insights for architects, urban
planners, and policymakers seeking to develop climate-
responsive residential buildings, particularly in warm and arid
regions. By incorporating data-driven methods into courtyard
placement, designers can contribute to more sustainable and
thermally comfortable urban environments. This study aims
to address this gap by employing a postpositivist research
approach, integrating simulations, field studies, and logical
reasoning to optimize courtyard placement in one- to seven-
storey residential buildings in Shiraz, Iran. The independent
variables considered in this research include courtyard type and
dimensional proportions, building orientation, and the number
of floors. The dependent variables are defined as the percentage
of hours in which outdoor thermal comfort is achieved in the
courtyard and the adjacent pedestrian walkway. To conduct
the study, various courtyard configurations were generated
using Rhino software and the Grasshopper plugin. Thermal
comfort simulations were then performed using the Ladybug
Tools plugin, which provides detailed environmental analysis
under different climatic scenarios. Additionally, optimization
was conducted using the Octopus plugin, allowing for
an iterative evaluation of courtyard layouts to determine
the most effective configurations for maximizing outdoor
thermal comfort percentage. The findings demonstrate that
the optimal courtyard placement occurs when the courtyard
is centrally positioned within the building mass and its main
axis oriented at a 100-degree angle relative to the horizon.
Under these conditions, the courtyard achieves the highest
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percentage of hours with acceptable outdoor thermal comfort.
This suggests that such a configuration effectively balances
solar exposure and natural ventilation, reducing excessive
heat accumulation in the courtyard area. However, for single-
storey residential buildings, a slightly different configuration
is recommended. An angle of 110 degrees proved to be
more effective in maximizing thermal comfort in low-rise
structures, indicating that optimal orientation is influenced by
building height. Furthermore, the study highlights the impact
of mass distribution in courtyard configurations. Specifically,
the optimal placement involves allocating approximately 22%
of the total lot length near the street, while the mass at the
opposite end of the plot should occupy around 38% of the total
site length. This distribution regulates airflow and optimizes
shading, leading to improved microclimatic conditions in
both the courtyard and the adjacent pedestrian areas. Future
studies should expand on these findings by incorporating
additional factors such as vegetation, shading devices, and
material properties to refine courtyard optimization strategies.
Moreover, applying similar methodologies to different
climatic regions could provide comparative insights into
how courtyard design principles can be adapted for various
environmental conditions.
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36. PET: Physiologically Equivalent Temperature.
37. THI: Temperature Humidity Index.
38. PT: Perceived Temperature.
39. SET: Standard Effective Temperature.
40. OUT - SET.
41. UTCIL: Universal Thermal Climate Index.
42. mPET: modified Physiologically Equivalent Temperature.
43. Koppen climate classification.
Jooskeo 1 Ity s /1 L JISly Ve iy SISl 5 ¥
RO
45. Honeybee. 46. Ladybug Tools.
47. Pareto front. 48. Non-dominated Solutions.
49. Multi-Objective Problems (Mops).
50. Aggregative Methods.  51. Evolutionary Methods.
52. Evolutionary Algorithms (Eas).
53.The Weighted Sum Method.
54. The E-Constraint Method.
55. The Goal Programming.
56. The Reference Point Method.
57.The Reference Direction Method.
58. The Light Beam Search Method.
59. Evolutionary Algorithms (Eas).
60. Multi-Objective Evolutionary Algorithms (Moeas).
61. Pareto-Based Evolutionary Methods.
62. Non-Elitist Approaches.
63. Elitist Methods.
64. Multi-Objective Evolutionary Algorithm Based On
Decomposition (Moea/D).
65. Indicator-Based Evolutionary Algorithm (Ibea).
66. Hypervolume Indicator.
67. Hypervolume Estimation Algorithm (Hype).
68. Monte Carlo Algorithm.
69. Roughness Length.
70. Cv(Rmse): The Coefficient of Variation of the Root Mean
Squared Error.
71. Nmbe: Normalized Mean Bias Error.
72. Sky View Factor. 73. Eddy 3D.

Al Horr, Y., Arif, M., Kaushik, A., Mazroei, A., Katafygiotou,
M., & Elsarrag, E. (2016). Occupant productivity and office
indoor environment quality: A review of the literature. Building
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2. Yard X Change (Y.X.C). 3. X Move Vector (X.M.V).

4.Y Move Vector (Y.M.V). 5. Rotation Angle (R.A.).

6. Floor Number (F.N.).

7. Yard Thermal Comfort Percent (%) (YTCP).

8. Pedestrian Thermal Comfort Percent (%) (PTCP).

9. Postpositivism. 10. Grasshopper.

11. Rhino.

12. MOO: Multiobjective Optimization.

13. Octopus. 14. Elitism.

15. Mut. Probability. 16. Mutation Rate.
17. Crossover rate. 18. HypE Reduction.

19. HypE Mutation.

20. OTCA: Outdoor Thermal Comfort Autonomy.

21. Convergence.

22. The Pareto Optimal Non-Dominated Solutions.

23. Heuristic Search Techniques.

24. Wsm: Weighted Sum Method.

25. Weighted Arithmetic Mean.

26. Courtyard Tempering Effect.
o S s 51 555 53l duo yd pegie 4y lds b ol :Albedo .YV
(Bllae (p9)) SO B (3o SH,0) o 5l Wlgs oo CaraS cnl polie .

28. WBGT :Wet Bulb Globe Temperature.

29. DI: Discomfort Index.

30. ITS: Index of Thermal Stress.

31. HI: Heat Index. 32. TSI: Thermal Strain Index.

33. WCI: Wind Chill Index.

34. WCET: Wind Chill Equivalent Temperature .

35. PMV: Predicted Mean Vote.
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