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This paper presents creative geometry research focusing on computational design exploration to
improve the eco-performance of concrete blocks used as a building material. To provide a positive eco-
performance, an optimized concrete block was designed to be more efficient than a conventional
concrete block with respect to the materials used and the space occupied during storage and transport.
The results prove that the form is cost-effective and that the environmental impact caused by associated
production and distribution processes would be comparatively reduced. Computational research based
on parametric design thinking enabled the relationship between form properties as selected design
parameters to be evaluated, with the aim of ensuring that efficiency does not compromise technical
requirements and that the overall functional role of the concrete block is appropriate when used as a
constituent material in nonstructural wall construction. Volumetric-based measurements were employed
using Rhinoceros modeling software with a Grasshopper plug-in to assess the eco-performance of the
concrete block based on selected indicators. The results show that the folded S-shape concrete block
with a width of 40 mm consumes only 43% of the main material and 14% of the auxiliary material
relative to a conventional concrete block with a width of 100 mm. When arranged horizontally, a
standard container can hold 60% more of the optimized concrete block units compared to conventional
ones. Additional findings were also made that suggest future research potential, including use of the
concrete blocks as building elements in passive design strategies.
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1. INTRODUCTION impacts of industrial cement production (IEA &
1.1.  Concrete blocks as building materials WBCSD, 2009) and exploitative sand minding
Concrete blocks are one of the most widely used (Harlan, 2011; Marini et al., 2014; Dan

prefabricated building materials globally. They
comprise a proportional mixture of paste and
aggregates that bond, harden, and gain strength
through hydration (Muller et al., 2006). Their
pastes and aggregates have similar compositions
to other concrete-based products, and the only
difference lies in the smaller size of gravel used
as the constituent aggregate material. Fine gravel
is necessary to produce high-density concrete
blocks.

Concrete blocks are a popular building material
choice in Indonesia, as they are cheap and
relatively easy to obtain (Anggreni et al., 2015).
Compared to clay bricks, they are often
considered to be more eco-friendly, as they do
not require firing treatment during the production
process (Mallisa, 2011). However, many studies
have revealed the damaging environmental
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Gauvriletea, 2017). Therefore, regardless of the
production process employed, there are
environmental issues associated with the
production and use of concrete blocks.

1.2. Research trend

As the environmental impact of concrete
production and its use have become apparent,
research trends are increasingly focusing on
producing eco-efficient concrete. From a
materials approach, studies have been conducted
with the aim of partly substituting the main
concrete block materials with other materials,
including waste material (Liang & Nusryamsi,
2017; Safinia & Alkalbani, 2016; Winarno &
Pujantara, 2015). Nevertheless, most of these
prototype-scale studies have focused only on the
relationship between various mix ratios and
conducting a compressive strength analysis of
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concrete blocks, without conducting any further
investigations into the correlation between
findings and their environmental impacts.

In addition, a growing number of studies have
focused solely on establishing an eco-efficiency
index or a concrete assessment method based on
a selection of interrelated indicators (Hamid &
Shafiqg, 2016; Kim et al., 2016; Kobayashi et al.,
2005). However, such assessment methods are
not directly applicable to the findings of material
research. Indices for the assessments were based
on large industry-scale concrete production,
where various databases (for example those
related to social and environmental indicators
(Kono et al., 2018)) are available to conduct a
comprehensive assessment, whereas these are
not available with respect to prototype-scale
research. It is thus clear that the gap between
studies based on experimental concrete block
prototypes and those on industrial-scale concrete
eco-assessments needs to be bridged.

1.3. Research aims

Departing from a design perspective, this
research aims to improve the eco-performance of
a concrete block as a building material by
optimizing its form via creative computational
geometry exploration. Here, the eco-performance
is defined as the process of accomplishing a
function with full consciousness not only of the
function, but also of its economical, technical,
and environmental consequences. In this context,
the eco-performance of the concrete block relates
to its ability to support its own weight within a
nonstructural wall at an effective cost, while
adhering to technical requirements and causing a
minimal environment impact. Through an
exploration of the concrete block’s geometry, its
form is utilized as a practical tool to optimize its
eco-performance as a single unit and as a
collection of arranged entities in the construction
of a wall. In practice, the results can be assessed
efficiently using a selection of eco-efficient
indicators, regardless of the scale of concrete
block production or the material mixture
employed.

1.4. Research scope and limitations

This research was conducted with the aim of
improving the eco-value of concrete as a
building material, and in particular, to make a
contribution to research on optimizing form
(which fewer studies have focused on). In this
respect, the functional aspect of a concrete
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block’s eco-performance was limited to its
application when constructing a nonstructural
wall.

To provide a basis to enable quantification of
economical, technical, and environmental
effects, several eco-performance indicators were
predetermined based on one basic circumstance:
their assessment ability using volumetric
measurements. The ultimate eco-performance
related to the following: (1) the volume of main
material used, (2) the volume of auxiliary
material used, (3) the block’s horizontal storage
efficiency, and (4) the block’s transport storage
efficiency.

2. MATERIALS AND METHODS
2.1. Geometry exploration as a research
strategy

Recent research trends have shown the wide
potential of geometry exploration as a research
strategy, not only for generating new shapes, but
also to enable the innovative optimization of
established concepts. For example, architectural
geometry can be employed to analyze complex
building structures (Davis et al., 2012), or used
in form-finding and pattern analyzes to optimize
the structural shape of fabrics (Linthout, 2016),
or a combination of shape optimization
techniques and nonlinear finite element analysis
can be used to analyze tensioned fabric
membrane structures (Dinh et al., 2016).

With respect to environmentally driven research,
many studies have investigated the relationship
between various building forms and their
environmental performances, and the largest
focus has been on the impact of building form
with respect to its thermal performance and
energy consumption (Rashdi & Embi, 2016;
Ratti et al.,, 2003; Zzhang et al., 2017).
Considering the high concern of current
researches to this area of study, detailed case
studies related to the aforementioned topics
could be expanded largely; from open spaces
(Yung et al., 2018) to retrofitted green buildings
(Mohd-Rahim et al., 2017).

One of the reasons that this issue has attracted a
considerable amount of research, is that building
geometry is the only building element that
undergoes relatively small changes during a
building’s life cycle (Zhang et al, 2017).
However, despite the large number of studies
conducted, most have focused on external
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building components, such as shading devices
(Hariyadi et al., 2017), double skin facades
(Hariyadi et al., 2015), or even ventilation blocks
(Nordin et al., 2019), and only a few studies have
focused on the impact of geometry on the scale
of internal building elements (such as the
concrete block) when a group of such elements
are assembled together (for example in wall
construction, which represents a large proportion
of both the internal and external skin of a
building).

Therefore in this research, geometry was
explored to optimize an internal building
element: the conventional concrete block.
Exploration in this respect means that the basic
geometry of the concrete block was analyzed
thoroughly prior to being deconstructed into
several design parameters. These design
parameters were then modified repeatedly within
a certain constraint, and then analyzed based on
the impact that each iteration had on the overall
eco-performance of the material. The entire
research process was conducted computationally
based on a parametric design using Rhinoceros
modeling software with a Grasshopper plug-in.

2.2. Computational design optimization
Optimization is a process used to generate the
best result in the most practical way by utilizing
a system that prevents the sole use of experience,
intuition, or luck during the process. In the
design realm, it comprises several stages as
follows: (1) input, where the initial design,
optimization goal, and constraint are set; (2)
analysis, where the relationships between input
and output are defined; and (3) the optimization
process, where the intelligence adjusts the best
correlation between design constraints and
performance through a series of optimization
loops (Messac, 2015).

During the last phase, the system plays an
important role in maintaining its effectiveness. In
a conventional optimization setting, this last
phase largely depends on the sole thinking
capability of the designer, which can result in a
limited number of optimization loops. In such a
case, therefore, computation-based optimization
can significantly improve the effectiveness of the
process, as the computer rapidly processes data.

Numerical optimization is an inseparable part of
research when conducting design optimization
(Pottmann et al., 2015). Thus, a computational
design approach based on parametric design
thinking was considered appropriate for use in
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this study, due to its comprehensive use of
geometric and numerical logic. Moreover, it can
also accommodate a semi-automated
optimization loop, where it is possible to isolate
a certain part of the process and conduct a
separate sub-optimization process. Hence, full
recalculation is not necessary whenever local
changes are made, and valuable processing time
and resources can be managed more efficiently.

2.3. Design parameters

In this research, form is defined as the physical
features  (including  unit  measurements,
dimensions, and joint details) that work together
to influence the overall form of the concrete
block and contribute to its wvolumetric
quantification. Following this understanding,
design parameters were defined as the
aforementioned physical features and their
associated variables. To maintain a sense of
similarity between the optimized and the current
form of concrete block, it was important to
carefully select which form of parameters were
to be preserved and modified within a certain
constraint.

Form optimization of a conventional concrete
block was then conducted on a unit scale, with
careful consideration of its physical connectivity
with other concrete blocks when used in wall
construction. A conventional concrete block was
defined as a three-dimensional rectangular
concrete block measuring 400 x 100 x 200 mm
in length, width, and height, respectively. It also
had a continuous notch on its four sides, which
was designed to be filled with cement paste as
the binding material, as seen in Figure 1.

100 mm

Figure 1: Conventional concrete block (a)
isometric view; (b) side view; (c) top view

2.4. Eco-efficient performance

Eco-performance is defined as an action or a
process used to accomplish a function with full
consciousness, not only of the function itself, but
also of its economic and environmental impact.
Although a large number of aspects contribute to
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a comprehensive understanding and assessment
of eco-performance, only several factors were
included as assessment criteria in this paper, as
presented in Table 1.

Table 1. Eco-performance assessment criteria

No Efficiency Eco-Performance Factor
Subject Economic  Technical ~ Environmental
Exploitative
Amount -
sand mining
1 Main n?;)tsetr?efl matoefrial Cement
material er unit to be production
P and embodied
processed
energy use
Exploitative
Amount .
- Cost of of sand mining
2 Auxiliary material material Cement
material er unit to be production
P and embodied
processed
energy use
Horizontal -
Storage
3 storage
- rental fee
efficiency
Loading
_Transportat Container time (in Fossil fuel
4 ion storage relation to .
> rental fee . consumption
efficiency unit
height)

3. DESIGN PROCESS

3.1. Form optimization on unit scale

The form optimization process was conducted
through a series of sequential explorative design
steps based on a parametric design thinking, as
presented in Figure 2.

Interlocki Verpool
— . Lol Interdockingsiot K relationship

support :
PR between unit

Figure 2: Sequential steps used in design
exploration during form optimization process

By conducting the exploration using a modeling
interface that supports parametric design
thinking, in this case Rhinoceros with
Grasshopper plug-in, the entire process was
broken down into a series of steps that were
executed partly for a local sub-optimization
process. In this way, consequential connections
between each design parameter in each design
step were immediately defined, and these are
presented in the following sub-sections.

3.1.1. Base of block

Base identification served as a guideline for
maintaining similarity between the conventional
and optimized concrete blocks. Based on two-
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dimensional measurements of the base of a
conventional concrete block, a rectangular plane
measuring 400 mm x 100 mm was created. The
1%t design parameter was a certain odd number
that divided the plane into several equally
smaller areas, as presented in Figure 3.

Figure 3: Block base identification process

3.1.2. Width reduction of block

The 2™ design parameter related to a width
reduction, which increased the economic,
technical, and environmental eco-efficiency of
the concrete block. During the optimization loop,
this parameter was sequentially modified 10
times (ranging from 100 to 10 mm), and a series
of results from the design optimization
simulation tests are presented in Table 2.

Table 2. Block width as design parameter

Test Width Details

No (mm)

Maximum width = width of
100 .

conventional concrete block
90 -
80 -
70 -
60 -
50 50% width
40 -
30 -
20 -
Minimum width set by

10

author

©Coo~NoUTh~,wnN -

=
o

3.1.3. Folding line of block

Following the reduction in width, the new
thinner block could be folded to increase its
stiffness and stability. The folding line was
formed by moving two reference points extracted
from the lines created in the first design stage to
the opposite direction along the y-axis. The
amount of this displacement was the 3 design
parameter. An interpolated curve was then
constructed by connecting these final points,
which afterwards served as the 4" design
parameter, and the degree of freedom was an odd
number, which influenced the overall shape of
the curve. As seen in Figure 4, in all simulations
conducted in this study the degree of freedom
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was set as 3 to enable generation of a smooth S-
shape curve.

Figure 4: Smooth S-shape curve used as block
folding line reference

The S-shape curve was selected because it poses
a lower risk of having production defects
compared to a fragmented curve. The presence
of fragments and sharp edges in a concrete block
are prone to production defects, and thus require
a higher production skill degree, which also
increases production costs and time.

3.1.4. Formed boundaries of block

The newly formed boundaries of the concrete
block were set by constructing two sets of
coupling parallel curves. The first set of the two
curves were formed by offsetting the folding
curve by a certain number along the y-axis in
two opposite directions. This number was
obtained by dividing the 2" design parameter
(the optimized width of the block) by two. The
second set of curves was then formed by
connecting the end points of the two curves from
the previous set. The boundary for the optimized
concrete block is presented in Figure 5.

< e

P
s . S
P ——"" T w
x /{i\x x

Figure 5: Smooth S-shape curve for block
folding line reference

3.1.5. Vertical relationship between units:
interlocking slot
It is crucial to determine the vertical and
horizontal relationships between units when
constructing a wall. Considering the curvy form
of the optimized block and its reduced width, the
interlocking method was the most practical
strategy that could be used to vertically connect
the blocks. The interlocking point was designed
by superimposing two blocks with opposite
directions, to obtain a printed position and the
dimension of the surface area at the point where
the edges of the blocks would meet when
arranged horizontally, as seen in Figure 6 (a). To
provide a slot for the stacked blocks to overlap,
the block’s height on the surface area was then
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reduced, as shown in Figure 6 (b). The 5"
parameter was thus the amount of height
reduction employed on both the upper and lower
sides of the block. Finally, the slot was placed in
offset along the longer side of the block to
provide a space for the cement paste, which is
used as the binding material, as shown in Figure
6 (c). The 6™ design parameter was the amount
of this offset.

concrete block
layer 1

¢ block
layer 2

(a) Area where overlapping blocks connect

height reduction
20 mm

(b) Height reduction of interlocking slot

space for
cement paste
actual width of
the overlapping
concrete block

(c) Space for cement paste as binding material
on interlocking point.
Figure 6: Vertical relationship between units

3.1.6. Interlocking support

With respect to the reduced surface dimension,
an additional structure was added; this comprised
three-dimensional arches placed on both sides of
the interlocking slot to support the load transfer
on the interlocking point from the upper to the
lower part of the optimized concrete blocks. The
base of each arch was constructed using three
reference points, as seen in Figure 7 (a), and the
7™ parameter was the amount that the second
point was displaced along the y-axis. This
parameter determines the thickness of the
supporting structure, as shown in Figure 7 (b).
The 8" design parameter was the height of the
structure. The final results of this stage are
shown in Figure 7 (c).
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(a) Reference points

(b) Thickness of support

(c) Position of support
Figure 7: Interlocking support

3.1.7. Horizontal relationship between
units

Similar to the vertical arrangement, the
horizontal arrangement of optimized concrete
blocks was also secured using a layer of cement
paste as the binding material. Unlike with
conventional concrete block design, the cement
paste was placed in the shape of a near
equilateral triangular prism along only one
corner on one side of the optimized block, as
shown in Figure 8. The 9" parameter was
therefore the length of the sides of the triangles
comprising the triangular prism.

Figure 8: Cement paste space on one corner of
block

The design parameters used in forming the
optimized concrete block are listed in Table 3,
and the sequential relationship between each
design parameter is presented in the Figure 9.
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Table 3. Design parameters utilized in this

research
No Related (_Zonstramt Input
component Min. Max. | nymber
value value
Division of
! block 1 - 8
10, 20,
30, 40,
2 With of 10 mm 100 50, 60,
block mm 70, 80,
90, 100
mm
3 Folding line 0 0.5 % 0.25 x
of block w* w
4 Folding line 1 3 3
of block (fragmented) (smooth)
5 Interlocking 0 10 5 mm
slot mm
6 Interlocking 0 0.5 % 0.2 x W
slot w
7 Interlocking 0 100 - 15 mm
support w
8 Interlocking 0 h 0.5**><
support h
Horizontal
9 binding 0 h 20 mm
system

* w = width of conventional concrete block
** h = height of conventional concrete block

!
— s ]
e Block’s fokding line
—/
—J m—-
— 4
- .

Figure 9: Sequential relationships between
design parameters

4. RESULTS AND DISCUSSION
4.1. Horizontal relationship between
units

In this research, 10 simulation tests were
conducted under 10% sequential block width
reductions (with the same S-shape). The block
width in the first test was set as the width of
conventional concrete block (100 mm) and the
final test was set as 10 mm. The results are
presented in Table 4.
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Table 4. Series of optimization tests with 10% Table 5. Test numbers 1 to 5 resulted in

sequential block width reductions oversized area for interlocking support
T > Unit Test Block width Interlocking
. EE/ qS_) Horizontal number (mm) area
= o relation
+ O >
é s B \-/I;g\?v between 1 100
X 2 units
o
o 5 2 90
1 100 [ 3 80
2 9 D e 4 70
3 80 - > 60
470 o Test number 6 was also eliminated because the
sl interlocking spot was oversized in relation to the
presence of the 5 mm offset on the interlocking
spot. The presence of adequate offset space for
5 60 s cement is vital to support the vertical connection
between each concrete blocks, while an
oversized interlocking spot is impractical:
6 50 o therefore its size cannot be compromised. Only
' ' test results numbers 7-10 were subsequently
evaluated based on the predetermined eco-
. performance indicators including: (1) volumetric
740 - consumption of main material, (2) volumetric
consumption of auxiliary material, (3) horizontal
storage efficiency, and (4) transport storage
8 30 . efficiency. Every test result was measured and
' compared with that of a conventional concrete
block (on the data base).
9 20 4.2. Volumetric ratio of optimized form
in unit scale
0 10 ) A sequential block width decrease of 10 mm

resulted in a linear sequential decrease of
approximately 10% of the overall volume of the
optimized concrete block, as shown in Table 6.

Based on the test results, a preliminary decision
was made to partly eliminate several of the
results that were inadequate with respect to the
interlocking connection, and their production
was considered impractical (test numbers 1 to 5).
The width ranges of these blocks would be
impractical when stacked vertically, as they
would create an oversized overlapping area that
would lead to an overly large interlocking cut, as
shown in Table 5.
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Table 6. Relationship between block width, total
volume, and volumetric consumption of main

material
Block unit
Volumetric
Test i
No Width Tlotal con?umptlon
. (mm) volume of main
(mm?®) material
(%)
100
1 (base) 7,656,000 100%
7 40 3,308,700 43%
8 30 2,564,600 33%
9 20 1,773,500 23%
10 10 940,071 12%

As the width of the block was sequentially
reduced by 10 mm, there was also a sequential
reduction in the total cement paste volume of
2%, as shown in Table 7.

Table 7. Relationship between width of block
and detailed volumetric consumption of auxiliary
material

Cement paste

Volumetric
Test i
No Width Tlotal coniumptlon
. (mm) VO urr;e of main
(mm?®) material
(%)
100
1 (base) 344,004 100%
7 40 48,439 14%
8 30 40,266 12%
9 20 34,345 10%
10 10 26,763 8%

In addition, the decrease in the width of the
block resulted in a gradual increase in the
horizontal storage efficiency. The measurement
for storage was set as 1.000 x 400 x 200 mm for
a single row of concrete blocks arranged
horizontally. This dimension was chosen to
generate basic data, as it could then be multiplied
by any number depending on the desired storage
dimension. The results of these measurements
are shown in Table 8.
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Table 8. Relationship between width of block
and detailed volumetric efficiency of horizontal
storage and transport capacity

Block Horizontal storage/
unit Transportation
Test Storage/
No. Width Tota_l Transportation
capacity - .
(mm) (unit) capacity ratio
(%)
100
b pasey 10 100%
7 40 16 160%
8 30 19 190%
9 20 25 250%
10 10 33 330%

As the optimized concrete block was used at the
same height as the conventional one,
measurements of its vertical storage efficiency
were assumed to be irrelevant. With respect to
transportation efficiency, concrete blocks are
usually transported using a container; therefore,
in this research, the blocks within the container
were assumed to be arranged in a similar manner
(horizontally stored). The calculation presented
in Table 8 is thus also applicable for measuring
the transportation efficiency.

Cement paste volume

Block .
- (mm?®) Volumet
Ry ) Yot
' (mm) On edge intersllcéiking ratio (%)
Lo 100 ai004 0 100%
(base)
7 40 34220 14219 14%
8 30 31565 8701 12%
9 20 29365 4980 10%
10 10 24536 2227 8%

4.3. Additional findings

In addition to the findings relating to
predetermined eco-performance indicators, the
test results were further analyzed to generate a
more comprehensive assessment of the use of the
optimized concrete block as a building material.
Among the additional findings were: (1) the
relationship between the width of the block and
the volumetric measurement of the block resting
on the interlocking slot, as presented in Table 9;
and (2) the relationship between the width of the
block and the weaved gap width, as presented in
Table 10.
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Table 9. Relationship between width of block
and detailed volumetric measurement of
interlocking slot

Block resting

. on Additional
Test Block unit interlocking support
No. slot
Width Volume Proportional Volume
(mm) (mmd) volume (mmq)

1 100 7656000 - 0

7 40 3308700  1.15% 39934
8 30 2564600  0.69% 39953
9 20 1773500  0.32% 39941
10 10 940071 0.11% 39901

It can be seen from Table 9 that a decrease in the
width of the block results in a decrease in the
areas of the interlocking slot. Consequently, the
volume of the edges of the two blocks put on the
interlocking slot is also decreased (a larger
volume indicates that a greater portion of the
overlapping blocks is necessary to obtain better
connectivity between each concrete block unit
when constructing a wall). Furthermore, when
the blocks are arranged vertically, weaved gaps
are formed in relation to two of the design
decisions: (1) using the S-shape interpolated
curve as a form guiding line, and (2) the position
of the overlapping concrete blocks on
interlocking areas. It is evident from Table 10
that different block widths result in different
weaved gap widths.

Table 10. Test numbers 1 to 5 show evident
differences between weave gap widths

Block
anii)ter width Weaved gaps
(mm)
7 40 |
: . e o T
9 20
10 10

It can be seen from the simulation test results
that a sequential decrease in the block’s width of
10 mm resulted in a linear increase in the width
of the weaved gap of 20 mm, as shown in Table
11.
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Table 11. Relationship between widths of blocks
and weave gap

Test Block unit Weaved gap
No.  Width (mm) Width (mm)
1 100 0
7 40 20.08
8 30 40.06
9 20 60.04
10 10 80.01

However, this result could not be directly
assessed with respect to the selected eco-
performance criteria, because the width was
measured two dimensionally and it was not
possible to evaluate the associated volumetric-
based efficiency. However, a larger weaved gap
is likely to positively affect the eco-performance
of the concrete block as a building material for
wall construction, as it would improve the
thermal comfort of the room that it encloses by
creating a patterned opening enabling continuous
air movement through the wall. Moreover, the
presence of the curvy over-hanged part of the
optimized concrete block also creates a patterned
shading that would further reduce the transfer of
heat through the wall. Therefore, a wall
constructed from these optimized concrete
blocks could potentially be a passive design
strategy for reducing the energy consumption of
a building’s cooling system in tropical areas,
such as Indonesia. However, the scope of this
research does not include an assessment of the
thermal performance and indoor thermal comfort
of the materials; therefore, they are not further
discussed in this paper.
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4.4. Relationship between form
properties
There was a change in the form properties with a

decrease in block width, as shown in Table 12.

Table 12. Changes in form properties, according
to decrease in block width

Form

. Decreased Increased Maintained
properties

1 Volume of
resting N - -
blocks

2 Areaof
interlocking N - -
slot

3 Volume of
cement
paste as N - -
binding
material

4 Width of J
weaved gap

5 Storage J
capacity

6  Areaof
additional - - v
support

7 Volume of
additional - - v
support

5. CONCLUSION

5.1. Conclusion

Form is a necessary product of design because it
has both functional and esthetic values.
Therefore, to obtain a clear and relevant result, it
was necessary to make occasional manual
interventions during the optimization process,
such as during the preliminary review of the 10
simulation test results. With respect to material
consumption, all optimized concrete blocks with
widths of 40 mm or less consumed less than 50%
of the main material and less than 15% of the
auxiliary material, compared with that of
conventional concrete blocks. However, only
blocks with widths greater than 40 mm enabled
more than 1% of the total volume of two
overlapping blocks to be supported on their
interlocking slots. Although precise structural
measurements were not conducted in this study,
stability was considered when each decision was
made, and stability is evidently improved when a
greater block volume is supported. Therefore, the
optimized form of the new concrete block has a
width of 40 mm. In summary, the selected block
uses only 43% of the main material (a mixture of
Portland cement, sand, and fine gravel) and 14%
of the auxiliary material (cement paste as the
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binding material) compared to that of
conventional concrete blocks. With respect to
space efficiency for storage and transportation
processes, 60% more of these new concrete
blocks can fit into a standardized container
compared to the conventional concrete block

type.

Furthermore, although precise measurements of
the compressive strength performance of this
concrete block form were not conducted, a
nonstructural wall was constructed on a 1:1 scale
using the optimized blocks (height and width of
2.5 m and 3 m, respectively). This wall has been
standing for more than 10 years (at the time of
writing this paper), and it shows no physical
defects (see Figure 10).

(b) Exterior view

Figure 10: Wall constructed in 2009 using
weaved concrete blocks
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5.2. Research potential and future
research plans

This study represents preliminary research using
computational design to determine the optimized
concrete block form for use as a building
material (with respect to its eco-performance,
which is defined as economical, technical, and
environmentally friendly performance). The
volumetric-based measurement method
employed in this research is a simple and
practical approach employed in creative design
research to enable rapid simulated results.
However, it is necessary to conduct further
research using a series of structural performance
tests to clarify the feasibility of the results
obtained here for applying the concrete blocks as
structural building elements, as required by
standardized regulations. It is also necessary to
assess the associated practical and economic
benefits by translating the  volumetric
measurements into local currency.

The findings in this research also suggest other
future research potentials, including studying the
weaved concrete block as a building element
employed in a passive design strategy;
particularly with respect to improving indoor
thermal comfort. There are several established
simulation engines (such as Honeybee and
Ladybug) that are currently available for
conducting environmental simulations, and
Karamba can be used to simulate structural
performance. These engines were built in the
same environment as the Grasshopper plug-in
with Rhinoceros, and they are therefore fully
compatible with this research and can support its
future development.

Furthermore, regardless of its preliminary nature,
this research successfully revealed the potential
of using computational parametric design to
enable form optimization of a conventional
concrete block, with the aim of improving the
material’s eco-performance. With respect to the
generation of creative simulative designs, this
research also introduces use of a rapid and
simple assessment tool for geometry designers.
Finally, the use of this approach is expected to
appeal to fellow designers, as it provides the
potential of exploring creative geometry,
inventing new forms, and optimizing existing
materials.
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