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Abstract

Interodaction: The cold climate of Hamadan plays a significant role in shaping residential architectural patterns, and
investigating the relationship between the physical form of buildings and their thermal performance can contribute to
reducing energy consumption and improving living quality. This issue becomes even more important in historical
urban fabrics. Therefore, the present study was conducted with the aim of developing a climatic typology of Hamadan’s
historical houses based on their physical compositional characteristics and analyzing the relationship between
architectural form and the climatic responsiveness of buildings.

Methodology: The research was carried out using a mixed-method approach. First, 33 historical houses in Hamadan
were analyzed through statistical methods and classified into eight physical subtypes (Al to C3). Subsequently, a
Composite Environmental Performance (CEP) index was developed based on factors such as thermal mass, wall
thickness, window-to-wall ratio (WWR), and floor area-to-site area ratio (density). To validate the index, energy
simulations  of  selected case studies were conducted using  DesignBuilder  software.
Results and Discussion: The findings indicated that subtypes with higher CEP values demonstrated better thermal
performance and lower energy consumption; notably, A2 and B2 performed more efficiently than the other subtypes.
In contrast, subtypes such as C3, characterized by lower CEP values, exhibited higher energy consumption and weaker
climatic adaptability. Furthermore, significant negative correlations were observed between CEP and cooling load (r=
—0.65) as well as annual energy consumption (r=—0.51).

Conclusion: The results demonstrate that physical compositional characteristics in Hamadan’s historical houses have
a substantial impact on climatic performance and energy consumption. The CEP index, as an analytical and cost-
effective tool, is capable of assessing the climatic responsiveness of buildings and predicting their energy performance
in historical contexts. It can therefore serve as a basis for decision-making in climate-responsive conservation and
restoration design.

Keywords: Climatic Typology, Historical Houses of Hamadan, Compositional Approach, CEP Index, Statistical
Analysis AND Energy Simulation.
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Tab. 2- Research implementation stages and tools used
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Tab. 3- Summary of physical characteristics and dominant patterns of historical houses in Hamadan
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Tab. 4- Categorization of criteria and indicators affecting the thermal performance of historical houses in

Hamadan
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Tab. 5- Typology of historical houses in Hamadan using composite indicators based on hierarchical clustering
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Fig. 2- Box plots of physical characteristics across different spatial configuration typologies
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Fig. 3- Bar chart of the CEP index values for 33 historical houses
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Fig. 4- Box plot of the CEP index across different climate-responsive spatial configuration typologies
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Fig. 5- Floor plans and photographs of selected houses for energy simulation
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Tab. 7. Settings for internal occupancy, activity schedules, and internal thermal loads

5% ]

ey

ol p5Lo

activity
activity Sleeping(0-8) 72(w/person)
Cooking-light manual

work (8-16) 180(w/person)
Seated quiet (16-24) 108(w/person)
Activity equivalent Standing relaxed 120(w/person)
occupancy 0.3(people/m2)

metabolic Winter clothing (clo) 1

0.5

summer clothing (clo)




activity

Environmental control Heating set point temperature 20
Heating set back 12
Cooling set point temperature 26 @
Cooling set back 12 y
Minimum fresh air Fresh air(l/s-person) 7 3
lighting Target lluminance (lux) 200 -
Other gains Equipment 5 w/m2 .\:
B
-
Sl las 4 byryo )l (Fi9-8 Jaux "3
Tab. 8- Thermal properties of selected building materials :‘L
. Conductivity . . Density S
material (w/m.k) Specific heat (j/kg.k) (Kg/m3) :k:
(USal5)Clay straw 0.47 1008 1200 O
(cwis)Brick mud 0.75 880 1730 3
(&5)Gypsum plastering 0.4 1000 1000 Sr
—
(lowms duslo le)Cement plaster mortar 0.72 840 1860
(,>"Brick 0.8 880 1890 240
(Sal azaz)Loose fill/powder gravel 0.36 840 1840
Loose fill/powder-roof gravel La4 1680 480
(Eonaad ooy S13) ’
Miscellaneous materials- aggregate undried (43 ,ixe zllas) 1.8 840 2240
gy cibaidn =9 Jour
Tab. 9- Specifications of fenestration and openings
External windows External glazing(single)
Frame and divider Wooden window frame (jeile 6 550 o, culd)
Shading (es,,) inside
Free aperture (sl 5l lsa 5,9 o)l5ee) Glazing area opens=5%
External door Wooden door frame
il yS (655 ailale & siglo g (55551 4lale B puro
200000 wilo)S (555 oo n et 90000 B) . o
o)
175000 "k : K 50000 wcz))
= S EL L] u
3 150000 o , 70000 sﬂwc f,)
= 1 60000
S 125000 B el B ol
= B2)) Loy 3, 50000 el
X 100000 ) i
) " B3)) ol p %3 40000 B2))
‘% 75000 =2 30000 "l
3. s ) B3))
3 50000 #82)) s E 20000 .
£ S
25000 , = A2)) 31y 2 10000 B2))
0 X a 3 0 L
N "—"".,—"3 = NI SR AN AR R I
33—;‘%{{3’3 ENE Iy 753“3’—;;‘3;2;—;‘; A2))
ey 5 (alo S (B prn 55 o 9036 S
Fig. 6- Line graph of heating and cooling energy consumption
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Tab. 10- Comparison between energy simulation results, CEP index, and physical characteristics of selected simulated

cases
0y _ GOy G Al i G o cwlis lgys culius £
" oy (ol )S  CEP &l ol
Yl oy gl g b & B sgkxe  ble e (Sl
171.38 3045 128.07 0.59 0.73 045 1 09 022 Sy als
al>
61.65 10.85 46.54 0.63 0.7 0.25 0.69 0.58 0.18
Sl
al>
150.96 2777 103.89 0.7 0.55 0.36 0.61 0.51 031 )
e
al>
168.47 3473 114.44 0.29 0.7 03 0.71 0.61 0.18
o2l
150.96 27.77 103.89 0.34 0.7 0.18 1 0 030 sk gl
3 )La als>
182.39 4245 120.84 0.28 0.65 0.25 092 0 0.21
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Tab. 11- Pearson correlation coefficients between the CEP index, energy variables, and physical indicators

Sl e Sl Cualns S Sl WWR oo tans  G2bS ohlepw o gl
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+0.26 +0.52 -0.53 +0.44 -0.34 -0.49 -0.69 -0.57

57! 3w qulis b CEP ol 3ldail b 35) 51 RMISE g MAE (gl a5 L apmlio— 12 g0

Tab. 12- Calculation of MAE and RMSE metrics for evaluating the consistency of the CEP index with energy
simulation results
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Fig. 7- Correlation matrix / heatmap between physical variables, energy performance, and the CEP index
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