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Introduction: The design of urban blocks containing a number of buildings is
influenced by various parameters such as size, number, geometry, and arrangement of
blocks. These parameters have a significant impact on the energy consumption of the
complex. Considering the optimum value for these factors in the design process,
especially in the early stages of the design process, makes it possible to reduce energy
demand and its costs. The currentstudy investigates the effect of building block size in
an urban layout on the annual heating and cooling load of the whole complex. Although
a number of recent researches have already been done focusing on a similar problem,
there is no clear quantitative explanation of the impact of the size of the building
blocks in an urban layout on the total energy consumption of a complex. Accordingly,
the aim of this research is to find a possible relationship between the size distribution
in the building blocks of an urban layout and its annual cooling and heating load. This
research is trying to clarify that when designing an urban layout, with the aim of
reducing energy consumption, how and in what proportion its total area should be
distributed in different building blocks.

Methodology: For the first stage, the research variables, including the size and heating
and cooling load, have been defined. The second stage includes designing a generative
model which provides different building block sizes and layouts on a specific site.
According to the design principles of residential apartments in Tehran, each building
block has 5 floors and the distance between the building blocks is at least 6 and at most
18 meters. This step has been done through Python programming in the Grasshopper
plugin of Rhino software. The generative model produced 28,417 different urban
layouts, 2% of which were randomly selected for the simulation of annual heating and
cooling load. In the third stage, the heating and cooling load of each layout containing
building blocks is calculated using a simulation process in the HoneyBee plugin, which
these days have been increasingly used in recent researches, especially in those that
have a parametric approach (such as the present research). The Simulation was
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performed in Tehran, for all 24 hours during the 21st of June and 21st of December,
which are partly the most critical days of the year in terms of heating and cooling load.
In the simulation process, windows were transparent and triple layered were; In such
a way, the window-to-wall ratio in the south, north, east, and west views was 30, 5, 20,
and 15, respectively. Also, the specifications of the walls were considered based on
topic 19 of Iran's national building regulations. The utility of the complex was defined
as residential and the range of thermal comfort was set between 20.4 and 26.8 degrees
Celsius in summer and between 20.4 and 23 degrees Celsius in winter. In the last step,
the correlation between the size distribution in building blocks (as an independent
variable) and the cooling and heating load of the complex (as a dependent variable)
was tested using SPSS.

Result: Considering that the average size of the buildings in the block is the same for
all simulated layouts and apart from that, it does not give much information about the
size distribution in the buildings; Therefore, the variance, standard deviation,
skewness, and kurtosis in the size of the building blocks of each layout were used as
independent variables. Correlation analysis indicates that in Tehran, the cooling load
has a more significant proportion of total energy consumption, rather than heating.
However, the difference between the highest and the lowest values was much greater
in the heating load than in the cooling load. While there was a difference of about 20%
between the highest and lowest cooling load in the layouts; However, the lowest value
of the heating load was almost 5 times lower than the highest value. The strong
negative correlation between cooling loads and variance indicates that the greater the
variety of block sizes in a set, the lower the cooling load. Also, the positive correlation
between cooling loads and the elongation of the size of the blocks indicates that the
more fragmented of blocks in a set, the more suitable they will be in terms of cooling
load.

Discussion: The research findings show that the use of large and small sizes (not
average), with the aim of creating the maximum difference between the sizes of the
buildings of a complex, will have the best results in terms of energy consumption.
Larger buildings have a lower surface-to-volume ratio. Previous studies have shown
that buildings with a lower surface-to-volume ratio are more energy efficient due to
less possible energy waste. In smaller buildings, ventilation and air circulation around
the building are more possible, which makes them perform better in the hot season
and reduces the required cooling energy.

Conclusion: The findings of the research indicate that the annual cooling and heating
load decreases with the greater dispersion of the size of the buildings in a complex.
Also, the symmetry in this size difference leads to some improvement in energy
consumption. Based on this, the findings of this research can help urban designers and
architects in the early stages of designing a complex to design complexes with less
cooling and heating load. In this framework, the following principles can be
recommended to urban designers and architects:

- In the early stages of designing a complex consisting of several buildings, it is better
to have a large variety of sizes in building blocks and to also be unequal in size as much
as possible.

- It is better than the size of each building in a collection is as much as possible more or
less than its average value in the whole collection.

- It is better that the size distribution of buildings around the average is relatively
symmetrical; Although this issue does not have as much impact as the previous ones.

Highlights:

e The achievement of this research will help to achieve efficient energy texture in cities.
e In this research, a method for efficient energy design in any desired situation and
location is presented.
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Occupation_Plot = Plot_Area * (Occupation_Ratio/100)
B_max = Occupation_Plot - ((NoB - 1) * B_min)

if B_max > B_max_Limit:
B max = B_max_Limit
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Possible_Dimensions = [int(B_max - (i * Step)) for i in range (int(B_max / Step)) if B_max - (i * Step)
>= B min]
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Block_Arr = [list(Blocks) for Blocks in it.combinations_with_replacement (Possible_Dimensions, NoB) if sum
(Blocks) == Occupation_Plot]

r.shuffle (Block_Arr)
foriin range (len(Block Arr) - 1):
r.shuffle(Block_Arr[i])
while count <= int(len(Block_Arr)*(SRP/100)-1):
R = r.randint(0,len(Block_Arr)-1)
if R not in Sample_Seed:
Sample_Seed.append(R)
count +=1

gk cnl )l S35 p bly ilulanle pas b b (gl b 48,5 jlas 53 w298l (sl b b 93 g cnl (b

b 35,655 )18 550 gyl ply VYO alold so )3 a5 €85 G0 929 @ bl lodr i slaiagh ls 3ibo

VAVD Tagis 9 oo ogue 35 ob ) baly (calols Jilus o8 iy o (ojlulalo godgios daly g0 V0 glis)) &y dvgs

daly 3l pae coplply 0gd Wby o 3105 595 4 oo g1 Sew 0 rdalad glaio dlal S (gow jl g dalss o

Lo ol Jore Glaie (gaumlio oy, I (JSube cnl @) slp ad 48)S Jlai 53 00, oS01 (gl ordrdg pgd by

2l bl b (J35 g oad awglie Y 9 X sliwly 93 30 3 (A5 Lo b W o oS ©jg0 cpi a5 odlatul (A5 sl
ol 0aS Al Y Jodn 50 dacSsly 1> sddader (gl ylodus | dges i LA 28 ccawlio (gl

LSRES
oty slagloda S diged L




AY

V€Y Jla AV-YY &Y oles T 0,90 o gl pgendd il

‘P9 f\f

— e sl ye (295 0 pbl Tanl) Jljdle s 1T e S e 3 T3l 5 Sl sig Bl Sl eolal b gjluand
u.é).\m cJLm by S 9) ‘uj)‘P u.u.ﬁ‘.u}‘ (50395 ‘u"""). Lgo)'lg 0¥ u;lo...la..u 9 b JM gfl;d.\.J L o> d}l‘*’
VE plos sl coimgsy ool 03 olile)S 5 (bl 5l (giludend 0 B)S Jla p ol (glp B0 4 s gbjk Lo
4 b a8 0 plosl (peelws VY 3 ) (Sliaaj OMBI 5 (0595 YV 5 Jgl) (Sl MBI (slajg) 5 jgyeileds cacles
o Slalllas dilais sl )l (bl s03gdome g o g halopw g Ginle)S 55 5l o oy cnplme sk
S ol an 3 YW U Yo/ oo Sliwej bl s (gl 5 3, Kl dn s Vo/F =YE/A Sliacsl blyd jo ccanl o)le5 o
095 gy Gladdaid K0 (S b sl 48, el > Aty gilwand H58le 5 50 oy ey F) sadol e
B sl iy g odis lad 58> shb anli o)y 2lb jem (sl jlas e pl 3 aS pla de g b cl Ly gk
ol 058,35 (a5 13 3oee 195 S5 iy cSlosnis S alias 4

Caoliy 53 03laiw] 550 pdlcs puss ool oo o 9,5 0 558> 4y &S li8le 5 )3 oabas 5 a5 o cleudais (500
o) sl S5 leidle o lyybe wb0je Gone b cbiw 5 ()5 glajled saY Clasuie & 5 ¥ sla ol ;o
W 4B )5 ka5 LSS (Yl plod (gl g 009 ey 53 odldinl 350 L pdlas «lastine

¥ Jg
ST )/ﬁg.) sl Y Slasin
2lo S Cuwgloo Colws PRYBVORE
(K.m2/W) (mm)
AT Yo (ypsom board) 8 axiw
\/YY Yo (RSI-1.2 board insulation) laxio gle
NN Yoy (HW concrete block) < i Ssb
o[-y Yoo (face brick) slusle by
(WA sSame 5 el Ol S o) 1l 48,5 5,
0 Jos>
b (slady Y Slaxio
o S Cuglio Colis ¥ p o
(K.m2/W) (mm)
NAN Yo (gypsom) &
V/YYY Yo (RSI-2.5 board insulation) la=is Gle
-0 Yev/y (LW concrete block) sl <Sgh
< JEAY Y. (iS0) p5;!

(WAL (Sane g lasdlos Cligios 357 00) 15l 48,5

S g g9 &S | il ()90 Pk prdaw 4y o 93l doyd & dagi Casdly A g ol (b S sl
.(\Y"’\Y' ‘u)l.:l..as doudiz> g )f)')g cw) A.:fgo ! u.l&\b b cuas S48 9 du\AT)K d})—"‘ 2 ok U ‘J Ehude
g XD XD TAND G a5 4y Sl 0yl A 5 Ju S 1S 5 s A (BliS o)l A o )lin G clvo ey

aS Cawl 0313 uL“ mem”.s .(Y~\£) fuy.i..&lu) A.L:SL;Q wm‘)é |) L;}‘)jl By s )0 (2948 0 Q\)’_,,a g va 7 v

1 Ladybug

2 Honeybee

3 Grasshopper
4 Rhino

5 WWR

6 Pilkington



AY
Ol So2 g 63¥gl /o WS L (5051851 o (Siwod w2

plaicl 5 L oo wa)S) Sl il AV b 65yl Gpan iy Comd 5 Vb ol L ooy 1 ooliul b s
A 7 o b Bld o)l aw opomy Lol Can Jlez 3 )led 40 G Sl Giagg 3 cplple (VWAA
Ll o.\.ﬁc\:;é)f

7 s>

ViSUaIDOE clwbeo 4y iio Slig A sl 50542 52 0 O E55 ol iy 4y ety diy Cor
() G5 2 > dinte S

Jled e drs g e
o y. \0 Yo Gl ojlis 5
o A Y. Y. Gl o)l duw
\. v Y. o S8 o 0l duw
). \o \0 o oI5l o)l s

(T ohKen g 590 25) 5l 43,5

Sogd ol ) pSae sadlaie YV Gl (RS 0058 (gamaand olsl oy sl oddplosl g b 3 gy v
35 so )8 BSis 05,5 1 53 9 KB 5 £ waldl 3 (5 &S (WP (200)) 3,5 3929 (el 3 o y90 s
48,58 daby ¥ 5 an p YO ¥ Hldlin oye 9485 VA g a3 0) ' Lldlas Job jd olyed s oML (WWAY ¢ slews)
Sl jgy 54253 5 VFRB (25 )3 Tl o) gy cmizpat o WY Ty s 51 ] li)) bawogio
Lol (g3 2D (53,08 A an g L (AT (Gliad o 5 (allpal wdliiige colinlio) sl VYA
2503 3639 o 55 Awdl g Koyl dbliww s Ligd (b b o Mol olBiiules bl yge ol85g,8 Aile (gdaxte wliilgn
53y Bl 35 3 a8 ol sorliol s SLT e o] paolitlon oMol ) gl plool (gl imgls ol 5
D3 lE Sis g p)S des

2 Sl sl &S bl A5 g diged YARIY ggame )3 &l ey 58 9 Loy 9 oised g5 (29 41 4295 b
s3de el ply sCanl (6 S Wiges pilie (img% g 0395 pi oSl adiged plad (giluwdnd il o)V (loj Casler S iged
0158 5)ly 5 Ll wiges OF ((gilodnd e p3Y loj 4 dog bl cinye ilejl sl ladiged S5l s gy
A (il

Cou ) 9 Ubd.:ﬁlg
LB ol «Ssh JS 50 Wl jlye ggerme daglod Wi gy 53 08,5 )18 o)Ll 3)90 (yimghs 09y )3 &S jskailen
o Jao lawgi sddidg clls YAYIY lo | .ol saibas 5 s 3 pl b — it pstie laie 4 bl ojlul dol touds
(ologd V) (Sliwo; g (oloys V) (Sl cpud&l joy 90 (sl el yoed yd g oddobl (Bolai job 4y diged OFA Dlaws
kwh J.)L’.n (ST arY IR ) wbu wlo)w )lg OI)’,,e u.»)mf 9 Oyl ‘omdjuw dl.a:d.?}o.'s uLuO PR v d)'L‘.sd.,,,...f:s
5 YOOA KWh oo iy s oad dusle (aislo)S 5L e (pyieS g (pyids (cpitmed g V<Y KWh 4 VWYOAY
s (6 yind e (5550 35 Jauad 13 inlo g (slys )l 305 5o 30 (SoSume slaly oplply .l odel Cawddy Y/YY kwh
olods sb 53 (55l Gae e (gilwand I ol OleMbl zlscwl jl G cul sl 5l 5w Jaad o il )S &
Stasan el a5y o) > Sl 4 B B sl D90 oiile)S 5 (ol b oo b ol o5lal el
03l0) 2505 0550 Yoo (Siunads dlasly 13 548505 ¢ Lol a5 0355 a3 350 LSS 031001 b o iole )5 5 (adusloyu 4l e
Q)L\J‘ FS31Y ui:}% e a5 d ‘_s.’l.b).uol)l) ‘Jﬂmw pres ‘Cal 039 UT ‘:-MJLo)f 9 L;u»'.o)w )L l) 591) Lﬁ) LthbLu 0

1 Longitude

2 Latitude

3 Elevation
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