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ABSTRACT

Brick was employed in buildings’ facades as
mediating terms to buildings aesthetics and low-cost.
Recalling the inherent qualities of brick; aesthetic,
economic, and environmental can enhance natural
daylight qualities. Elegantly articulated perforated
brickwork screen can provide an exhilarating play of
light throughout the day, block direct sunlight and
soften strong daylight while retaining some
ventilation. Variation of brick arrangements creates
unlimited patterns of light and shade, which could be
parametrically optimized to achieve low-cost and
efficient environmental performance. This paper is
going to recall brick as a local and available
construction material in Egypt for facade design by
using generative design and simulation tools. Brick
patterns are achieved by placing a single brick type
into one of several possible positions within its
framework. Research method will integrate different
brick bonds’ configurations (shifting, rotating and
stepping), with pre-programmed analysis data of
environmental changes for identifying the most
efficient daylight performance. In conclusion, this
paper has developed configurations that facilitate the
new ecological approach to traditional brick screen.

INTRODUCTION

Bricks have been used in the construction industry as
a building medium for millennia. Brick is one of the
oldest building materials and its story starts at the
very beginning of the history of civilization
(Campbell, 2003). Bricks patterns depict the unique
aesthetic intentions found in Roman, Gothic and
Islamic architecture (Afsari, Swarts, & Gentry,
2014). Historically, Lessons had been learned from
English brickwork as well as Dutch brick traditions
since the late-seventeenth and early-eighteenth
century, where the elements of brick construction
came into play and were realized with harmony and
perfection. Brick bond and detailing became of
paramount importance and colors were matched and
contrasted with a high degree of artistic concern. The
crafting of details was important even for humble
buildings. Brick continued to be a major building
material throughout the world during the nineteenth
century (Hall, 2015). Its strength, durability,
availability, relative cheapness and a beauty that
improves with time made brick unassailable. Brick is
an ideal material to be used structurally because of its

compressive strength, fireproof nature and because it
offers good insulation and durability.

The twentieth century saw brick used as both a
loadbearing structural material and, increasingly, as a
mere cladding material, giving it a ‘wallpaper' role;
header and closers which indicate a solidly bonded
wall are replaced by repetitive and economic
stretcher bonds (Hall, 2015). The 20th century saw
changes in brick manufacturing which were even
more remarkable than those of the century before.

They were being made in highly sophisticated and
heavily automated factories (Campbell, 2003). In the
twenty-first century brick continues to play a creative
role in the making of functional and delightful
architecture. Indeed, in this age of ever-increasing
concern over ecology, sustainability and energy
conservation, bricks-with their long-life span and
splendid insulation characteristics remain an ideal
building material (Hall, 2015). Therefore, recalling
the inherent qualities of brick, aesthetic, economic,
environmental and structural which have been
recognized by mankind at very distant time can be
reduce energy consumption. Brick is central to new
ways of thinking about architecture, thus, it is time
reappraise our view of brick.

In Egypt, the oldest surviving images of brickmaking
were found in 1450 BC. Mud bricks arc still made
using much the same process on the banks of the Nile
today (Campbell, 2003). The vast majority of
Ancient Egyptian building was constructed more
rapidly and economically by the extensive use of sun
-dried brick as the major material (Spencer, 1979).

Brick: Sustainable and Energy Efficient

Bricks require considerable energy consumption
related to their production. However, they are really
long-lasting and easy maintainable constructive
materials. Brickwork can last for centuries,
considering that finished bricks are “clean”
recyclable building unit. History of Architecture
proved that bricks are an interesting example of a
long lasting material (Cristini & Ruiz-Checa, 2014).
Using local materials also has some community
benefits, in that it can help support the local economy
and skills. On the other hand, when it comes to
certain technologically demanding building elements,
it may not be possible to source an appropriate



quality material or technology locally (Sassi, 2006, p.
183).

Bricks can be regarded as an environmentally
beneficial building material only over the whole life
cycle. Its high durability fulfils the demand for
environmental payback. (Nordby, 2009). However,
since a long component lifetime also implies
different uses, the design and construction should
enable the potential for reuse. The results show that
the single brick itself has great potential as a reusable
component. Simplicity and small scale provide a
unique architectural flexibility, which increases the
potential for a second service life.

Bricks; unlike other materials; breathe almost as
living beings. Their open cell structure makes them
wind proof but breathable, which means they are the
ideal materials for homes (Hall, 2015). They also
have thermal mass that help interiors remain cool
during a hot summer and warm in cold winters
(Borden, 2014). Besides, perforated brick wall can
block direct sunlight, soften strong daylight while
retaining some ventilation. Moreover, brick perfectly
resist humidity and they can shape interior spaces
flawlessly. It is also considered that fired bricks have
a good heat and moisture capacity that can help
maintain good indoor air quality, above all of the
thermal (Cristini & Ruiz-Checa, 2014).

Using bricks provides high quality affordable
housing as well as stimulates the local economy.
Some architects; such as the Japanese architect
Shigeru Ban; turned to the earth to help the local
community rebuild, he chose compressed earth brick
as the primary structure for 100 new prototype homes
(Ban 2014) (Kraus, 2014). A significant example of
using brick screens in residential buildings is the
brick pattern house located in poor area in Tehran.
The architect Mashhadmiria kept the design very
simple for a private house in one of the poorest areas
of the city, dealing with primitive construction
equipment and unskilled workers. Brick screen was
inspired by masherabiya (traditional Arabic screened
windows) to provide privacy and shade in Tehran
heat

Figure 1 (Hall, 2015).
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Figure 1 The “Brick Pattern House “ designed by
alireza mashhadimirza (Hall, 2015)

Another design was done by the architect James
Russel, who replaced the original building's facade of
Boston street House with perforated brick wall. Not
only the perforated brick screen provides added

visual interest to the elevation, but also has
significantly ~ improved the internal living
environment and offered protection from the harsh

Figure 2 Boston street House designed by James
Russell

Form and Effect of Brick walls

The basic type and module of construction influences
form and thinking. What something is made out of
determines its morphological potential (Borden,
2014). Strictly speaking, all bricks are cuboid in
shape, but as the plan dimensions are the most
important (closely followed by thickness) they are
usually described as being either square or
rectangular. The uniformity of the brick is one of its
most important properties (Campbell, 2003). The
form of brick screens emerges from the repetitive yet
standardized field of individual units collaborating in
aggregated effects, to determine overall systems. The
material's physical dimensions, modular properties,
and natural features determine their application and
ensuing performance and form (Borden, 2014).
Building flat, curved, double-curved walls, domes
and vaults, which are as light as they were cheap to
build, expresses the huge form abilities of brick. The
Church of Atlantida designed by Eladio Dieste's
demonstrates how brick, which can be unwieldy and
limiting, can be used to delicate and sophisticated
effect Figure 3.

Figure 3 Church in Atlantida designed by Eladio
Dieste (Moussavi & Kubo, 2006)
Variation of brick bonds and arrangements creates
unlimited patterns. The arrangement of small scale
detailing demonstrates the potential for complexity to
either articulate the fagade or soften the appearance
of large buildings. Jointing (the term given to
methods of finishing the mortar edge) that occurs
between bricks for the typically combinatory systems
offers an opportunity to consider it’s aesthetic
effects. Every horizontally laid brick has a long side -
the stretcher; and a short side - the header. Bonding
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describes the various created by the alternation of
headers and stretchers for the purpose of strength or
decoration (Hall, 2015) (Campbell, 2003).

Parametric Tools and Fabrication

Historically, the lack of technology kept materials
closer to their natural state. Masonry were stacked
but still whole and in elemental form (Borden, 2014).
In contemporary practice; there are two main fields
have a great influence on the design and construction
of brick architecture. First, the use of digital tools in
design that provides new opportunities for designers
to create parametric objects for building form
generation. Second, the use of robotic technologies
for building construction not only demonstrates an
alternative construction automation process, but
exemplifies how traditional on-site construction
methods can be potentially outperformed by the
advances in robotic automated technologies. In a
digital design fabrication experiment, (Villalon et al.,
2009) used a robot with five axis articulating arm,
used primarily for cutting and assembling blocks of
construction material. The robotic arm picks and
stacks brick-sized blocks. Similarly, Gramazio &
Kohler Architekten and Bearth Deplanes Architekten
parametrically design and fabricate brick walls in
Winery Gantenbein, Flasch, Switzerland, 2006. Off-
site a computer-programmed robotic arm picked up
each brick, added a line of mortar then accurately
placed the brick to a pre-determined design, which
depicts a basket of grapes Figure 4. The offset
positioning of these bricks allows natural light to fill
this vineyard fermentation room, while avoiding
direct sunlight (Hall, 2015). Archi Union Architects
used another application, Software was required to
create the watery design for these walls Figure 5, and
it had been intended that it would be constructed by
robotic arm. In the end, that proved too expensive
and a local team of brick layers became responsible
for the hugely complex design featuring nine
differently sized bricks.
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Figure 4 Winery Gantenbein, Flasch, Switzerland,
2006 designed by Gramazio & Kohler (Hall, 2015)

Figure 5 An algorithm that mimicked the transient
behaviour of water, reflected in a staggered joint
pattern designed by Archi Union Architects

Brick Screen Parameters

The brick component is in several ways optimally
shaped to give architectural flexibility: weight and
dimensions give great opportunities to solve
functional as well as structural challenges. Regarding
brick constructions, the most important parameter is
the choice of connectors (Nordby, 2009). The change
of brick screen parameters results in different lighting
conditions, which give the space lively character.
Brick screens morphology can be shaped mainly in
three ways: shifting (X direction), rotating and
stepping (Y direction). Joint motion could result in
better climatic efficiency and privacy. The resulted
apertures in-between brick units block direct
sunlight, moderate intense daytime heat and allow air
to permeate the walls of the residential space.

First of all, the variations of moving in the X direction
results in an effect of pixelated apertures that bring
more light into the space. In Pope John Paul 11 Hall,
Rijeka, Croatia, the pixelated apertures bring light into
the multi-use hall and break up the otherwise austere
form. The single terracotta-brick surface cladded the
hall volume with a pixelated structure that shade the hall
glazed openings. Figure 6. Same screen morphology
was used by Kéré Architecture in Teacher's Housing in
Gando, Burkina Faso which was built to promote the
use of earth as a sustainable, climatically efficient and
durable building material (Kéré, 2005). The pixelated
low cost brick screens represent a relevant example of
the shifting technique Figure 7.

Figure 6 Pope John Paul 1l Hall, Rijeka, Croatia, 2010
(Hall, 2015)
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Figure 7 Teacher's Housing in Gando, Burkina Faso
(Kéré, 2005)

Secondly, rotating bricks demonstrates the potential
for complex and sophisticated effect and results in
rough self-shaded facade. The South Asian Human
rights documentations centre built by Angram
Architects in New Delhi is a great example of
rotating bricks. Briefed to block noise and direct
sunlight while retaining some light and ventilation,
Anagram  conceived this elegantly arranged
perforated wall Figure 8.
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-Figure 8 South Asian Human Rights Documentation
Centre, New Delhi, India, 2005, designed by
Anagram (Hall, 2015)

Finally, the arrangements of brick patterns based on
stepping technique creates self-shading facade and
prevent intense sun rays. Boonserm Premthada of
Bangkok Project Studio used the stepping of each
brick in the facades design of Kantana Institute to
transform the massive wall into an undulating curtain
full of light and shadow Figure 9 (Simitch, 2014).

T R i
Figure 9 Stepped brick walls of Kantana Institute
designed by Bangkok Project Company

METHODOLOGY

In order to evaluate the environmental performance
of the brick screen, the methodology incorporated a
parametric model that control brick screen bonding
parameters to be analysed for daylighting
performance using simulation tools. Testing the
various arrangements and alternation  brick
morphology created by Jointing and Bonding
techniques.

Screen logic

A generic south oriented residential space located in
Cairo, Egypt (was modelled using grasshopper, (the
graphical algorithm editor plugin for rhinoceros 3D
Nurbs modelling program) (McNeel, 2010).
Referring to previous studies carried out by (Sherif,
Sabry, & Rakha, 2012) and (Sherif, Sabry, & Rakha,
2010) for testing residential living spaces in Egypt, A
space with dimensions of 4m (width), 5m (depth) and
3m (height) was used. The brick screen was allocated
as a mediate interface in front of the glazing layer in
the southern facade. The detailed parameters were
set as follows in Figure 10 and Table 1.

Figure 10 Spatial dimensions of the residential room

Table 1 Spatial parameters and internal surfaces

materials
Space parameters
Area 20 m?
Floor level ground
Internal surface materials
Walls Reflectance 50%
Ceiling Reflectance 80%
Floor Reflectance 20%
Outside ground Reflectance 20%
Glazing Double pane clear

(VTY480%)

Brick screen Reflectance 30%

The research dealt with the logic of brick
configurations and their criteria for assembly. A
computer script was developed on the basis of these
rules to generate brick wall design variations. The
first variable the paper dealt with is the number of
brick rows aligned in the same axis, the range varies
between 1,3,5,7,9 and 11 sequential rows as it shown
in Figure 11.
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Figure 11 Variations of aligned brick rows

The second variable that was incorporated in the
parametric model is the spacing between bricks in
each row. To avoid sun blocking; the range started
from 11cm to 19cm. Value of 19cm was set as the
maximum distance between bricks in order to keep a
stable base for the following upper row of bricks
Figure 12. Variations of sequential rows number and
in-between spacing are correlative with screen’s
window to wall ratio (WWR) percentage, as it
increases relative to the increase of these two
variables Figure 13. In addition to the generated
patterns of brick units; angles of rotation were



investigated in the exploration stage; rotational
parameters were set to orient the openings of the
brick screen 45 degree for south-east and south-west
directions Figure 14.
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Figure 12 distance between bricks (x) vary from 11
to 19 cm
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Figure 13 Different WWR percentages resulting from
brick’ rows number and spacing between it

Figure 14 brick rotation angels ranging from 0 to 45
to south-east and south-west directions
Different arrangements of the brick patterns that
based on stepping technique were investigated also in
the generative process, stepping brick units creates
self-shading facade and prevent intense sun rays from
penetrating inner space Figure 15, therefore, the last
variable was incorporated in the generative process is

the configuration of the brick screen to be stepped
outside and inside (screen inclination 5° forward and
backword) shown in Figure 16.
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Figure 15 The effect of stepping brick screen to
inclined forward and backward on redirecting
sunrays
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Figure 16 Brick screen inclination forward and
backword

Daylighting evaluation criteria

The evaluation criteria used in this research is based
on (LEED) Leadership in Energy and Environmental
Design rating system. LEED uses metrics such as
Daylight autonomy (DA), which is the percentage of
annual work hours during which all or part of a
building’s lighting needs can be met through
daylighting alone (Reinhart C. F., 2006). The latest
version of LEED v4 codifies two metrics to evaluate
daylight autonomy (DA), these two metrics are:
Spatial Daylight Autonomy (sDA) and Annual Sun
Exposure (ASE) metrics (USGBC, 2013). Spatial
Daylight Autonomy  (sDAsgs0%)  reports  the
percentage of the floor area in which the illuminance
levels reach 300 lux for at least 50% during the
occupied hours (8 am—6 pm) throughout the year.
However sDA has no upper limit on luminance
levels, therefore, ASE ooss0n 1S USed, and it measures
the percentage of the floor area in which the
illuminance levels reaches 1000 lux for at least 250
hour during the occupied hours (8 am-6 pm)
throughout the year. (IESNAI, 2012). LEED V4
gives 2 points for 55% and 3 points for 75% of floor
areas that exceed sDA criteria and not exceed ASE
limits. (USGBC, 2013)

SIMULATION

The simulation process that was conducted on this
research links the parametric model of brick screen




with DIV A daylighting simulation engine. The DIVA
(Design, lterate, Validate and Adapt) plug-in for
Rhinoceros/Grasshopper software is used to calculate
daylight metrics (using the Radiance/Daysim
engine). (Reinhart C. F., 2011)

The parametric model provides a constant feedback
on the constructive aspects of the proposed scenarios
of brick patterns to be animated for daylighting
simulation. The simulation includes (270) cases of
brick screen to be evaluated resulting from the
variations of brick numbers, space between bricks,
rotation angles and screen stepping, explained
previously in this research.

Daylight calculations based on Radiance raytracer
algorithms require long simulation time, even for a
simple geometry (Gonzélez, 2015), therefore, a
SpeedSim-for-DIVA was used in this research.
SpeedSim is a parallel algorithm that was designed to
evaluate large number of alternatives resulting from
the variations of each design parameter, where
hundreds or thousands of simulation runs are needed.
The workflow fully utilizes the maximum count of
available CPU cores to run multiple daylight
simulations in same time (Wagdy A. , 2016) (Wagdy
A. &., 2015).

To calculate sDA and ASE the calculation, an
analysis grid was set to be (30 cm) to divide floor
area for light sensors/calculation points, as it should
be no more than 2 feet (600 millimeters) (USGBC,
2013) with height of 0.9 m. The Radiance parameters
that were used to calculate sSDA and ASE are 6 and 0
ambient bounces respectively. SpeedSim-for-DIVA
was used to directly get the results of SDA and ASE
to the simulated cases to be presented graphically.

RESULTS

The process of parametric simulation for the tested
270 cases took about two days to be completed using
SpeedSim-for-DIVA plugin along with grasshopper.
The daylighting performance results is represented in
terms of SDA and ASE for variations of brick
numbers, space between bricks, rotation angles and
screen stepping.

The best possible solutions show which parameters
strongly affect the daylighting performance. The best
possible solutions were found by reaching the
balance point between SDA and ASE. It aims to
maximize the sDA value while minimizing the effect
of ASE to get rid of direct sun exposure. It was found
that the greater the number of bands, the larger ASE
values resulted in overlit portion of space and vice
versa. Similarly, the in-between spaces that act as
apertures, it was found that too small apertures
results in a partially daylit space while larger
apertures could allow direct sunlight. Overall, the
rotation variable showed great importance as all the

rotated screens enhance daylight performance due to
providing more screen depth as well as self-shading
qualities. Besides the forward stepping has a positive
impact on the daylighting performance due to
blocking direct sunlight and accordingly minimizing
ASE values.

The following results in Figure 17 shows the best
possible 3 case that exceed LEED V4 requirements
for daylighting performance, while Figure 18
illustrate daylighting performance of all variations of
tested brick screens. The best cases were found to be
with configuration of 3 brick repeated band and an
in-between spacing of 19cm resulting in a medium
size opening aperture. Rotated bricks on either east or
west give good results and the inclined forward
surface get rid of direct sun exposure. The 18 graphs
were presented to show the cross-referencing results
of all variable and graphical representation of the 270
case. The 18 graphs are the result of multiplication of
6 cases of the number of brick bands (1,3,5,7,9 and
11 sequential rows) and 3 cases of stepping variables
(the brick screen to be straight, inclined of 5° forward
or 5° backword). Each graph represented the relation
between the 5 steps of the in-between spacing,
divided to 5 steps 11, 13,15, 17 and 19 cm,
horizontally while the columns show different SDA
and ASE results for different angles of rotation (45°,
0°, -45°).

No. of brick aligned rows
Spacing betwen bricks
Bricks stepping

Bricks rotation angle

3 rows o o vl o0 ol
19 cm _ o, _ o,
inclined forward sDA=92.5 % ASE =8.5%
45 degree to
south-east

3 rows
19 cm
inclined forward  sSDA = 92.5 %
45 degree to
south-west

No. of brick aligned rows
Spacing betwen bricks
Bricks stepping

Bricks rotation angle

o [lva il o I v o ol
ASE =9.5 %

No. of brick aligned rows
Spacing betwen bricks
Bricks stepping

Bricks rotation angle

3 rows
19 cm

Straight sDA=89.5 %
0 degree

oz m
o w150 o rearoerrrnsfil 0 s vee

ASE = 8%

Figure 17 best results for brick screen configuration
that exceed LEED V4 requirements for daylighting
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CONCLUSIONS

This paper presents a low-cost brickwork screen
driven by daylight performance. It offers new
approach of recalling local brick units in facade
design through an environmental scope of building’s
performance and cost. The paper proposes low cost,
vernacular and local brickwork screen that links
traditional with contemporary architectural practices.
The paper discussed the idea of integrating
daylighting simulation tools and genetic algorithm to
brick screen configurations parametrically to
contribute  in  reaching  better  daylighting
performance. In conclusion, some brick screens
achieved a remarkable daylighting performance
which could be either constructed with primitive
construction equipment and local workers or
fabricated by computer-programmed robotic arm. It
is recommended to treat a greater range of design
choices and collect a more extensive knowledge
base. This cheaply constructed facade intended to be
a model that could be reproduced elsewhere is
designed with simplistic construction details that
allow unskilled builders to construct it. Further
research is suggested be extended to consider thermal
and energy performance.

LIMITATIONS

Discussion of structural judgments resulting from
such patterns is beyond the scope of this paper. The
paper did not take in consideration any changes could
be achieved by using various brick dimensions or
typologies.
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