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Fig. 1 The expansion and development process of Babolsar City (Source: Mikartolet et al., 2011)
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Fig. 2 Frequency of residential buildings in Babolsar based on the 2016 National Population and Housing Census
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DEVELOPING RESIDENTIAL BUILDING TYPOLOGIES
WITH THERMAL EFFICIENCY APPROACH FOR
RESIDENTIAL BUILDINGS IN BABOLSAR CITY
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Fig. 3 Frequency of samples (in %)
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Table 1: Residential building typology matrix in the Babolsar city

Building  Construction Building Building N Number of
- concept/ General specifications
type year class image 3D model households
Detached house, Floor above Sinale
House 1 1961-1991 ground (1m), Solid structure, 9
. Family
Loadbearing wall, one storey
Semi attached house, Floor
) above ground (1m), Solid Single
House 2 1971-1991 structure, Load bearing wall, Family
one/ two storey
Detached house, frame Single
House 3 1991-present structure, one or two storey, Farr?il
Sub- Pilot/ Breezeway y
Attached house, frame Single
House 4 1996-present structure, one or two storey, Famgily

Sub- Pilot/ Breezeway
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) Detached house, Duplex, Single
House 5 1996-present Solid structure Family
House6  1996-present Detached house, Duplex, Sub- Single
Pilot/ Breezeway Family
Apartment Detached apartment, Frame Multi
1 1996-present structure, Up to 3- 4 storey Family
Apartment Attached apartment, Frame Multi
2 1996-present structure, Up to 3 to 4 storey Family
Apartment Detached apartments, Frame Multi
3 2001-present structure, More than 4 storey Family
Apartment ) Attached apartments, Frame Multi
4 2001-present structure, More than 4 storey Family
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Table 2: General specifications of Houses (Villa)

Building Graphs of statistical Choice for Building Graphs of statistical Choice for
parameter analyses Typology parameter analyses Typology
Two or three
Window Aluminum Number of beds
frame Bedrooms Avrea of sleep
zone 24-32 m2
Window Sl'?z?rl]e Facade Cement
glazing Materials Stone
window
Connecting
kitchen with Kitchen style
Roof type Slope roof Hall and Living (Open)

room
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Terrace Terrace attached
Roof cover Asbestos o to the living
position
room
. Internal height
rggtlgrrilgl Plaster board  (finished floor — 3m
under ceiling)
E)\(/tlirlr;al Non- Kitchen Floor Waterproof
insulation insulated Waterproofing insulation
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Table 3: General specifications of apartment housing

Building Graphs of statistical Choice for Building Graphs of statistical Choice for
parameter analyses Typology parameter analyses Typology
Window Aluminum Number of 5 Storey
frame floors
Window Double Number of units 2.3 unites
Glazed per floor
Two or three

Roof tvoe Slobe roof Number of bedrooms, Area

P P bedrooms of sleep zone

24-30 m2
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Roof Asbestos Facade Stone attached
cover tiles roof Materials to external wall
. Joists and Connecting
Interior . . .
thermal kitchen with kitchen style
floor/ . . L
o insulation Hall and living (Open)
ceiling
blocks room
External Balcony
wall Non- Balcony connected with
thermal insulated position both living and
insulation sleeping room
Roofing Non- Internal height
Thermal thermal (finished floor — 2.85m
Insulation insulation under ceiling)
Front
Exterior external Kitchen Floor Waterproof
wall b Waterproofin insulation
thickness Other Walls P g
12 cm
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Fig. 4 The process of extracting plan typology
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Fig. 5 An example of possible concepts for samples with under 100 m? floor area
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Table 4: Typology of Houses (Villas)

o Exterior walls (m?)
2 . Area
3] © 8 = = < < Area (m?) Schematic concept ) g
= S £z o 2 5 = m?) =
5 85*= &8 g 2
g © 3 12 Kitchen
3 NI -
s o N 1 g 19 Sleeping zone -
w3 & 588 8 ,  Sevie | 85
£ = g S (unconditioned)) | B
k=] S 3 Hall and Livin
S g2 47 all and g
2 ) room
= -~ 16 Kitchen
5] T o -
S % 0 36 Sleeping zone
~ (I =] 1
£ o~ o~ ™ z 2 8 Serv_l(.:e T T
535 v o 8 o e 9 (Unconditioned) || | 120
=g - T 25 Hall and Livi
= = all and Livin —
© g § S room ’
© S £
o

@ 273 Porch

16 Kitchen

38 Sleeping zone
o < ¢ < & 8 Services
=1 ol ~
= ™ . ol VYA
§ ¥ e 63 Hall and Living
= ® t=TIE T 2 10 room
@ QS 2: o e <« | 145
& = g+ ® SE © 4 Balcony
g S S § o Stair box
o S8 S5 (Unconditioned)

10 Ground Floor

Storage

18 Kitchen
j=)) "
£ 45 Sleeping zone
§ S 2 12 Service
g oo (Unconditioned)
3 o o« «~ 3 Hall, Livin
3 Y g g g £8 8 " 170
£ S = room, Corridor
S E S Ground floor
- o
2 O35 i3 Storage&
g Service

(Unconditioned)

The structural characteristics of these samples are defined in the Table 2. For each bedroom and kitchen, a window with an area
of 1.8 square meters, for living room windows with the total area of 3 square meters would be considered. If living room is
overlooking the balcony, windows area would be 4 square meters. The building eave is at least 60cm.
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One unit on each storey

Two units on each storey

Three or four units on each storey

Fig. 6 Unites neighborhood in apartments typology
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Table 5: Apartment typologies

Exterior walls (m?)

8 o
2 2 Area Area 2 8
S 5 8§ B % £ £ 3 General concept ) 2 S
2 o B 8 3 S (m?) (m?) 3 -
n a S = AN 4 a
N 0 .
<9 8 S 9 8 Kitchen £ g
(5] [e2 e} © - —
— ()] m o
g AL = 1 h N 12 Sleeping zone ==
E 8 ke 2 n 3 - @ % £ 3
> - =
28 » ¥ 25 B85 25 & 5 Services 48 SE2 4
= S = SE g5 o — B =5
S5 ES 2% £%3 Hall and Living 0 g8°
= 25 RS 25 22 room T e
O S © S o S O R=iNe)
S = sg2 §8=& 8
> ©5 ) 1 Balcony =
o®  «~ 12 Kitchen o 8
@ 2 < Yo 25 Sleeping room = E
= &n o« £5
@ . (<)
E £ ngo g 6 Services o
58 © d o c .2 cs d i 84 =g B
L > — S = SE2 A Hall and Living »n's
(&) 32 =5 = O 39 [
= E Ec room 2
3 g5 ES 28
SE 85 2 Bal g
o3 O> alcony =3
. S5 = 3 18 Kitchen s 5
£ 2 N 40 Sleeping zone §§
S o =] - -
= 5 ~ o2 5 2 5 - 8 Services_ S,
28 » « 28 28 s o Hall and Living 120 8gE C
SE - 85 £5 8 @ 48 room ee”
57 28 55 zs
© g S 52 4 Balcony =8
0> ©>5 - =
© O8N 0B 18 Kitchen =
2 S S 48 Sleeping zone =
S 1 n g2
=} =} H O =
= o @ @ 11 Services <=1
Y o @ 5 25 B85 o — 1m0 S8 b
@ ~ @ S -2 s2 & Hall, Living © =
5 E8 ET 85 room and £ o
k=] =] .
§ E3 £8 corridor ££
o o 1 =
5 O35 12 Balcony

The structural characteristics of these samples are defined in Table 3. For each bedroom and kitchen, a window with an area of
1.8 square meters, for living room windows with the total area of 3 square meters would be considered. If living room is

overlooking the balcony, windows area would be 4 square

meters. The building eave is at least 60 cm.
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Table 6: Heat transfer coefficient of residential building typologies

Reduction of heat Heat transfer

Sample’s Heat

Reference heat

transfer coefficient coefficient after transfer transfer Sample type
after improvement improvement [W/K]  coefficient [W/K]  coefficient [W/K]
71.9% 155.59 554.12 240.42 A =
64.2% 294.92 823.58 382.05 B >
70.7% 225.229 769.40 340.20 C §
o
63.3% 377.85 1084.22 477.45 D I
30.6% 167.24 241.23 198.13 A £
32.1% 224.95 331.49 257.25 B g,
25.3% 382.343 511.84 363.3 C s
29.2% 473.88 669.69 505.62 D <
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Fig. 7 A comparison between changes in the heat transfer coefficient of residential typologies in the process of
energy efficiency improvement A) Houses (Villa) B) Apartments
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