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Fig. 1 The expansion and development process of Babolsar City (Source: Mikartolet et al., 2011)
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Table 1: Residential building typology matrix in the Babolsar city

Building  Construction Building Building . . Number of
. concept/ General specifications
type year class image 3D model households
< Detached house, Floor above Sinale
House 1 1961-1991 T ground (1m), Solid structure, Famgil
Loadbearing wall, one storey Y
Semi attached house, Floor
) 1oL above ground (1m), Solid Single
House 2 1971-1991 structure, Load bearing wall, Family
one/ two storey
@ m] Detached house, frame Sinele
House 3 1991-present Ny | o) structure, one or two storey, Fa rr;gil
Sub- Pilot/ Breezeway y
Attached house, frame Sinele
House 4 1996-present = structure, one or two storey, &
Family

Sub- Pilot/ Breezeway
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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
au P " 50 Two or three
Window i . Number of § 1 beds
Aluminum £
frame e Wood Bedrooms ¢ Area of sleep
Ml o zone 24-32 m2
18ed 2 Bed 3 Bed 4Bed
60
12% S' l 50
in g
Window Perileghzing laz%ne Facade g » Cement
s P g azing Materials L Stone
J window 0
0
ement Stone Brick Hztlf;(r‘irdl
a%
Connecting
Slope roof. . . etid Open kitclien .
kitchen with ’ Kitchen style
Roof type Slope roof . 5%
yp - Pzt P Hall and Living - ’ Cloat by (Open)
room
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mal
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Ceilin Internal height
12 i Plaster board  (finished floor — i 3m
material o
under ceiling)
Tiampadd Ciling plesateondt St il eeiing Internal heigbs 2% 4m  + Lmeened Beight wore then  m
e 28%
External Non- Kitchen Floor Waterproof
wall . . . g . .
. . 2t insulated Waterproofing insulation
insulation
Thermally insulated wall ‘Without thermal insulation Floor with water proof layer  Floor withowt water proof layer
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Table 3: General specifications of apartment housing
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Building Graphs of statistical Choice for Building Graphs of statistical Choice for
parameter analyses Typology parameter analyses Typology
. K — =
Window s Aluminum Number of e 5 Storey
frame / f—— floors e
e Diouble glazing . -
Window o Double Number of units « . 2-3 unites
/ Single glasing Glazed per floor i
o S l: Two or three
Number of g% bedrooms, Area
Roof type o Flst oot Slope roof bedrooms £° of sleep zone

24-30 m2

1Bed 2Bed 3Bed aed
foOMm  rooms  fooms  rooms




104

SCIENTIFIC JOURNAL OF IRANIAN ARCHITECTURE

& URBANISM, VOL. 11, NO. 19

Ol &3l s 9 (5 slomo (sode g il

SPRING & SUMMER 2020 IYAR bl 3 5l 1 05lad 1 090 \-¥
2% 1% 18
#Ashesos caneat e
14
Roof e Asbestos Facade B Stone attached
cover R tiles roof Materials - to external wall
o
. etk Joists and Connecting P
Interior . . .
floor/ - thermal kitchen with Open kikhen kitchen style
.. et insulation Hall and living i ) (Open)
ceiling . Cloned bitchen
cocrete blocks room
External i i el Balcony
wall Non- Balcony s amaese | CONNected with
. .. bed raam ..
thermal U insulated position . both living and
insulation sl sleeping room
Wall without thermal insulation ~ Wall with thermal insulation
B%
Roofing Non- Internal height
Thermal thermal (finished floor — 2.85m
Insulation insulation under ceiling)
e o i lntemal height 2.7-3m  * Iaternal height more than 3 m
. Front 26
. A4%,
Exterior e external Kitchen Floor Waterproof
wall — wall 20 cm Waterproofin e insulation
thickness Other Walls P &
Exctemal wall thikuness less than 20 cm 12 cm Flooring with waterpeoo dheet

temal wall thikmess ezl o mene shauo cm

Flooniiee withiorat waterpmeef shist
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Review of Residential samples
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s = ¥ 2
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i various plan samples

Sample coding based on sketch models (%
¥

Analysis and typoloay selection

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)

Exterior walls (m?)

[}
=
2 . Area 2
3 g 2 2 - < @ Area (m?) Schematic concept N g
5 8 § S g g 2 g (m%) &
wn [a) wn
3 © = 12 Kitchen
Q <
— ol -
B 0 - I} ?;) 19 Sleeping zone if
% = g i g g = o 7 Service | 8 A
g 2 g 'é (unconditioned)) | B
= = O P
:o) S % 47 Hall and Living
room
3 _ = 16 Kitchen
3 ] Tr 36 Sleeping zone
> g ;
O o0 /\\
2z . © . - < 3 g Serv.lc.e
5 v o R < = = .S (Unconditioned) 120 B
=} — @ @ L =
=2 = % 57 Hall and Living ~ —
=] £ 9
e o room
3 O35
3 Porch
16 Kitchen
38 Sleeping zone
) < o 2 8 Services
i< g R 1] Hall and Livi
% i g 63 all and Living
2 [} = <t = g e} room
7 2 S 2o 28 | 145 C
2 = g = SE © 4 Balcony
Y = ~—
2 3 g 5 i
s 2 g § 3 Stair P,OX
O o 05 (Unconditioned)
10 Ground Floor
Storage
18 Kitchen
on
£ 45 Sleeping zone
§ a 2 " Service
9 HE (Unconditioned)
] o] . .
= N — < B =
= - o 2 o 3 S5 g Hall, L1V1'ng 170 D
g s} Q A S = room, Corridor 7
2 T g Ground floor
= g 2
z @} 5 13 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?)
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= =}
g g Area Area 2 2
2
9 g 3 z % = = General concept = =
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7 S £ z e 3 S S =
7} A B %] Z A
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58 © K = 2 RS 20 o 438 53 Z A
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O 5 0 = [GRRS S o
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Q =< e 25 Sleeping room S 2
g Q ISEL g -
S o o] . o ©
E 5 3 g 6 Services g o
Q E o — SaR= = S g =
L2 — 5 8 5E o Hall and Living )
8 @ £ E -g 39 room LB
S 25 %s T3
Q
S 2 S S =]
o5 0D 2 Balcony s s
2 l: < : 18 Kitchen s 5
Q > — .
= S ] S 40 Sleeping zone =<
S o = = . o -
& 5 ~ 42 o 2 =~ 8 Services Qg .,
f= . 5] (e} — . . =
89 oo < o 9 = .9 ; N Hall and Living 120 SoE C
g2 — 5 E S E ] o) 48 o 25
ER7 =2 E3 room < S
£ b=~ = £ S =
1) B o 2 0 =)
. g & e g 4 Balcony B
op  ©Pbo _ 2
~ vy .
o NARS] 2 wn 18 Kitchen 5 g
< 2 o0 - =
= S Q0 48 Sleeping zone B g
3 =] =] 8 o
& < 58 o8 11 Services £ 8
o & £ 25 £8 K Hall, Livin 170 8< D
S N S E cE A ’ g v 5
B £f 2% 25
3 22 E7 85 room and S 5
< T E§ T § id =B
S £ 3 £ 3 corridor ==
@) e g e = — =
O OS5 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 é
70.7% 225.229 769.40 340.20 C 2
o
63.3% 377.85 1084.22 477.45 D am
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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Regarding the substantial increase of energy consumption in the building sector, it is
necessary to consider construction characteristics in the policymaking processes in
order to improve the building energy efficiency. Basically, it is infeasible to improve
the energy efficiency of the building industry based on the energy characteristics of
individual buildings. Political strategies are developed based on the study of building
typologies following the climatic conditions of each region. There are limited studies
on the types of residential buildings, most of which emphasize on architectural concepts
and building formation. Lack of research in the field of housing typology in Iran
highlights the necessity to develop an approach toward energy-efficient residential
buildings. This study aims to recognize the typologies of residential buildings, focusing
on the parameters affecting energy consumption, in Babolsar City, which is selected as
a city representative of the humid and mild climate in North of Iran. This paper also
tries to evaluate and improve the thermal performances of the recognized typologies
based on the Iranian National Building Code (Part 19: Energy Efficiency).

The methodology is completed into four main sections:

1) Reviewing the literature in order to identify and select the criteria for developing
residential building typologies

2) Conducting a survey on a number of residential samples based on the statistics and
distribution of residential buildings in Babolsar city

3) Classifying buildings and presenting plan typologies based on statistical and pictorial
analyses

4) Investigating the heat transfer coefficient of the recognized typologies and
introducing the optimal patterns according to the Iranian National Building Code (Part
19: Energy Efficiency).

Using a descriptive-analytical strategy, this research is based on statistical methods of
quantitative analysis and simplifies residential building plan concepts. The data are
collected on the field by investigating 384 residential buildings constructed in a period
between 1963 and 2016 in Babolsr City. Each sample is scrutinized by completing a
questionnaire. The questionnaires are created in two parts: 1- the building general
information including, the architectural type (apartment or villa), the age of the
building, the number of families, the neighborhood type, the building gross area, the
number of bedrooms and building type (flat/apartment, attached/ semi-attached); and
2. the construction details including, the physical parameters of the building such as
materials, windows/glazing type, overhang size, thermal insulation, indoor space
height, area of external surfaces / controlled / uncontrolled spaces, heating and cooling
system, and building envelope details. In other words, all required information and
parameters affecting the building energy consumption are included.

The residential building samples are classified into ten categories based on the number
of families, building type, and neighborhood unit. Typologies are divided into two
groups of “villa” and “apartment” housing. Each group has four subsets numbered as
A, B, C, and D which differs in terms of total plan area and the position of conditioned/
unconditioned zones. In order to determine a typical plan for each category, all possible
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plan concepts for each group were designed and codified. Then, the plans of all 384
samples were simplified and codified and categorized in their relevant groups. Finally,
a group of higher frequency was chosen as the group representing the typical plan. The
eight recognized typologies of this research can be used as reference in any research on
housing for evaluating and predicting thermal performance, cost, and energy analysis.
The analysis of the thermal performance of the building typologies demonstrated that
none of the typologies comply with the Iranian National Building Code (Part 19), in
terms of conformity with heat transfer coefficient. Adding a 5-cm thermal insulation,
with a heat transfer coefficient of A = 0.041, to the external wall, and also replacing
windows with double-glazed ones are necessary to improve their energy efficiency and
achieve the minimum requirement of the building code.

The results of this study can be used as a basis for further investigations on energy-
efficient building design, in order to improve the thermal performance of buildings
rather than developing a regional energy efficiency building code for building
construction in the mild climate in north of Iran. The presented typologies can be used
as a reference for energy auditing, retrofit actions, and refurbishment measurements,
and for quantifying the energy-saving potentials of existing buildings. They can be
applied to the existing buildings stock to increase energy performance by considering
the optimal tradeoff between policymaking and cost. The results are also important for
developing and modifying regulations. Further studies are required to make the result
of this study applicable to other climatic regions in Iran.
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