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Abstract:
Network and modular thought provide practical and effective solutions to many
methodological problems that confront architectural design curricula and its professional
practice. Hence, architectural research is supported in designing complex architectural
formations, academically through students of architecture schools and professionally through
practicing designers. The research achieves this by extracting an initial system that contains
a theoretical structure and an applied mechanism for the use of modular networks.
Research documents their conceptual references by historically documenting everything
related to the concept of network thinking, modular design mechanisms, and systems of
formation and formation.The research monitors with opinion questionnaires the local position
academically and professionally and records the degrees of conceptual awareness of the
modular networks, then analyzes them and shows its significant indicators and links them to
the problems of network and modular design and their shortcomings and negatives. Its
efficiency and the extent of interaction of architecture students and architectural designers
with its stages and steps, Finally, the research extracts its conceptual definition, proposes the
theoretical structure of the modular network concept and the final formulation of its applied
research mechanism, and clarifies and supports the theoretical approach and application
interaction.
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Introduction:
The research records by observing the local architectural product a negative repetition
and unconscious borrowing of reference models for buildings with similar functions, and the
use of traditional design networks or individual improvisation without networks. The research
links this to the architectural education system's lack of application of guiding mechanisms
or general design methodology systems, in addition to the lack of awareness of each of the
design thought of the modular network.
The nature of modular thought with its design networks relied in its history on
experimentation and the accumulation of subjective experiences, beginning with classical
architects and even modern architects, so it did not develop theoretically, but rather directed
towards a direct applied direction.
Research aims:
The research aims to reach an initial system for designing with modular networks that
provide solutions to the problems of their local application, correct their theoretical concepts
and contain their Western experience, through theoretical support and practical testing that
increase the qualitative (not quantitative) capabilities of architecture students and
professional practitioners. From the theoretical point of view, the research attempts to
formulate a reference structure that organizes the thought of network and modular design
based on reviving the historical concept and showing its organizational capabilities and
benefits. Unconventional and accommodating solutions for those inputs.
Research Methodology:
The research achieves its objectives through methodological axes, which are:
The focus of critical analysis: the extrapolation and inference of the global experience in
dealing with network thought and modular application and its activation locally through
comparison and critical containment and not following it and imitating it as it is with its
negatives and contradictions, then delving into revealing what is related to the capabilities
and capabilities of modular design and network systems, and focusing on its positives and
theoretical and applied benefits.
Conceptual Monitoring Axis: In it, the negatives of using modular networks in the
architectural design process are monitored and measured, and what is lacking in conceptual
premises that pave the way for their applications and exit from them with indicators directed
to assess the local modular position in the fields of architectural education and professional
practice, and they are translated into research needs and requirements.
The default axis: It begins with the assumptions of the network concept to confirm the
architectural relationship between the nature of networks and the needs of modular thought
for formation and formation. Then he tries, with the hypotheses of the modular concept, to
study the dual modular nature and its design role, its conceptual basis, its quantitative
qualities and its capabilities in controlling and coordinating the components of the
architectural product, and studies the relationship between repetitive modular formations
and their availability for artistic aesthetics and how they work with the principles of
multiplication and cumulative addition.
Finally, in the application of modular networks, he attempts to relate the history of
engineering systems and rational design methods to the role of grid systems and modular
units in functional and spatial design.
Experimentation and testing axis: it explores ways to deal with modular thought and its
networks, and after preliminary testing mechanisms and prepares them for applied
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interaction in the form of exercises to activate these modular networks and experiment with
their translation into the design process inputs.
Network and Modules in Architecture:
Network concept in design:
Network positioning systems are divided into the central cosmic position in which the
shapes are organized and divided around a point center, and the perpendicular kartist
position, in which the longitudinal and linear forms extend on both sides of the central axes.
The architectural function of the grid was observed when Thomas Gerson drew his
geometric designs on square paper. Using pencil and intersection-coordinate paper, with
decimal division (Figure 2) and allowing himself a degree of freedom for his designs and lines.
The function of squares paper was multiplied in the form of graph paper, which was an
important original for the modular system, as it was the basis for the Durand theory relied on
in the horizontal projection. But (Jefferson) and (Durand) did not use square paper lines as
axes for structural columns, but as an easy and simplified means of measuring dimensions
and calculating distances.

(Figure 3).

(Figure 2).

(Figure 1).

The design network is defined from a functional perspective as an overlay of two or more
linear systems, and as a container system for horizontally and vertically arranged lines on
which the points representing the coordinates intersect, but it differs from squares paper in
its relative references and compatibility with solutions to design problems (Fig. 4). The
network is divided into four partial forms: (coordinates/intersections/modules/lines), of
which two components were made: (point basis) and it includes the coordinates and their
intersections (Figure 5).
Domain domain basis: It includes both the module and the font as constitutive

(Figure 4).

(Figure 5).

And when the design grid is used with skill and sensitivity, it leads to an accurate and
refined production, but when it is used by an experienced designer or with the control of
creation over the creative side, it produces filter designs and strict visual character (Figure 7).
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The formal layout of the design network is affected by the function and the idea, so it is very
diverse and shaped, and it is an industry and a solitary innovation that will be specialized in
the determinants and criteria of each building. (Paul Rand) has described the real role of the
network that it begins when it is used to solve the architectural function, as it works as a
fabric of straight paths directed within the horizontal planes (Fig. 8).

(Fig. 8).

(Figure 7).

(Figure 6).

The concept of the modular network:
The idea of the modular grid is old and original in the history of architectural design.
Since ancient times, architecture was modular, with grid designs, and it was solid and built
on heavy load-bearing walls with small openings and limited spaces (Fig. 9). But in the modern
era, the solid elements, the spaces opened, the lightness of the building materials increased,
the openings increased, and the interest in space increased, as the standard unit (modidol)
was formed from a space element (Fig. 10). The modular entrance is one of the auxiliary means
for organizing and coordinating building spaces, its components and materials, and
structuring the structure in a logical manner and with high efficiency.

Figure 9

Figure 10

Figure 11

Methodological mechanisms of network and modular design:
Modern analytical systems appeared that study lattice and structural engineering and
reveal the geometric and modular units in them, in addition to the rational formation system
developed by the theorist (Durand) in which he presented his analogical and strict vision of
network and modular applications. The American Organization for Standardization also
presented its integrated module system, which specializes in the implementation of repetitive
buildings in short periods of time.
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The research chose the Durand system to review its modular grid idea, where it used
grid paper, so the horizontal planes became more diverse in their structures and aggregates,
and explicitly relied on the modular grids, in which the piles of columns were efficiently
distributed over the parts of the building. The simple and clear module, which was applied
with the principle of cumulative addition in which modules are combined, stacked and
combined during the design process (Fig. 17). In Durand’s approach, he formulated his
module formation by methods and sequential composition plans that have work steps and
graphs that start with defining the axes of the architectural situation, then dividing the subnetworks, and installing walls and columns on their lines and at their intersections, then the
building with its final formation (Fig. 18). But the fault of that approach is that the course of
the design idea was not clear or paved for the spatial formulation, where the two-dimensional
modular formations were long, and limited in their design solutions and aesthetics, despite
what Durand achieved of rationality based on logic and scalability.When designing with
networks, it is recommended to develop an action plan that begins with the objectives to be
achieved and the determinants of it, and to realize the precise measures of the design
requirements, then filter the design idea, and link it with the network and modular systems,
for guidance only without imposing specific solutions.
2- Modular concept in design:
A module is a unit that is formed from a part or from separate parts that make up a
modular configuration or system with an aggregative system.In terms of dimensions, the
module is a quantitative and volumetric unit that is used as a parameter for dimensional
coordination. As for its numerical origins, it was historically a common standard unit for all
arithmetic operations expressed by the radius of the column. Medieval builders used to adhere
to a verbal description in the implementation of their buildings without engineering drawings
or written text descriptions.

Figure 12

In the faucet designs, the modular system is formed by using the square as a module,
then multiplying it and dividing it to produce a coordinate lattice of square intersections on
which the building parts are distributed with its structural complexities.The archaeological
manuscripts showed the square models, codes that were formed for the cathedrals and their
horizontal planes with their side aisle and buttress. It was divided into sub-modules that
govern and guide the builders as a comparative reference for the architectural relationships
and overlays. The modular geometric system was working with added and successive values,
ie successively and overlapping steps and dimensional values (Fig. 12). The modular networks
have linked the design lines of the horizontal planes and their interfaces, and they are
characterized by being logical, rational, reproducible and have relatively flexible formation
principles, but at the same time they are governed by the fixed laws of their geometric
development. dense network partition .Where the network and modular design spread, and
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the modular network did not remain just a medium for transmitting designs with their
standard details and activation in space, but rather it became a standard with a dimensional
value guiding proportions and measurements.

Figure 13

The interest in the module and its design revolve continued in organizing the aesthetic
and structural ratios, and the focus in the modern era was on the micro-modular unit in
coordinating it with building materials and standardizing it as a common volumetric unit and
adding to the product an economic and aesthetic value that appears in the form of compatible
complications and with less coordination effort. The architect dealt with the aesthetics
inherent in the concept of modularity and shows its connection to the ideal geometric
formation, and stressed that it provides some aesthetic effects and pure and ideal relations
between the integrated and multiplied parts.
Research assumes:
Through its hypotheses, the research establishes theoretical relationships and applied
organizations. He tries to prove it based on the documented references, then presents his
vision of activating it within the framework of both the theoretic structure and the proposed
applied mechanism, and these hypotheses are:
The first hypothesis: The spatial nature of the design network is consistent with the
modular applications.
Proving the first hypothesis through references: The spatial nature of the network paves
the way for the work of modular systems within the network configuration, as it expresses
numerical and quantitative values and is linked to flat models and their repetitive areas. It is
also used to confirm continuity and extension along the network axes.
The spatial foundation provides a typical background for rational and logical design,
and supports spatial applications associated with constructions and engineering systems.
The second hypothesis: The design role of the modular unit depends on its dual nature.
Proving the hypothesis through references: The stereotyped module is the basic unit
and standard unification tool that determines the sizes and specifications of the building
elements. As for the volumetric spatial nature, it fits the functional role and links the parts of
the design with its relative relationships and plastic overlays.
The third hypothesis: the combination of modular systems and rational thought
provides the aesthetics of geometry and ideal relationships.
Proving the hypothesis: The modular square system dominated the complex formations
in the Middle Ages as a key to the aesthetics of architecture. When the modularity is linked
to the geometrical formation, there are aesthetic effects and perfect relationships between the
structural parts.
The fourth hypothesis: modal thought works through generative complications and
cumulative additions.
Proving the hypothesis: The geometric systems were established and were historically
associated with the generative module according to the concept of cumulative addition, in
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which the module formations are combined and stacked and combined to prepare and
produce the module formation. The design with multiples of the modular parts is considered
a basis for modular generation in which the module is divided into sub-modules that guide
the designer as a comparative reference for the architectural relationships and overlays.
Assessment of architectural awareness of network and modular thought.
The research uses opinion questionnaires to explore the degrees of conceptual
awareness of network and modular thought. It asks questions that monitor and measure the
opinions and viewpoints of 40 architecture students in local colleges and 10 architect
designers, and they are extracted from descriptive suspicions and knowledge gaps that the
research tries to correct with regard to the applications of modular networks, with the aim of
Adjusting and checking the steps of the phased sequence, directing its course according to
the theoretical and practical needs and shortcomings, and determining the appropriate
degrees for the research depth. The questionnaire is concerned with monitoring the nature of
the relationship between the terms network and module and revealing the conceptual
confusion between module design networks and all other networks, and what are the
suspicions associated with it such as boredom, repetition, superficiality and impeding
creativity, and the extent to which architecture students and designers need curricula and
guiding methods, with an indication of their capabilities and technical role.
Questionnaire indicators in support of the research orientation:
The sample of the questionnaire acknowledged the positive impact and organizational
efficiency of the modular network in the functional distribution within the horizontal planes,
the signature of the construction systems and the control of the visual axes. And she
expressed the need for a guiding mechanism for designing the modular network, provided
that it has a clear and applicable methodology and does not negatively affect the designer's
thought and freedom.
Contrasting survey indicators that the research orientation is trying to address:
The sample of the questionnaire believed that the aesthetic effects of the modular design
were weak, its visual impression negative, and its outward rigidity.She confused the nature
of the network and the module in that they are one concept or two different concepts. And I
mixed between the design network and the structural axes, and I thought they were similar.
I also thought that the grid units are always square in their divisions.
Experimental application and hypothetical design model:
The research presents a hypothetical example of a hotel building containing 80 rooms,
banquet halls, service and entertainment annexes, to implement the proposed research steps
for design using modular networks, adjusting the sequence of its stages and actually linking
them to the design process.Then the research tests it again by re-designing the same building
and experimenting with it inside another site, carried out by a sample of architecture students
and professional practitioners to measure their skills in modular application. The stages of
this proposed mechanism consist of:
The first stage: Determining the inputs and alternatives of the design solutions:
First: the conditions of the construction site: the geometry of the site, building laws and
requirements, and construction materials methods are studied.
Second: The design problematic: The decisions of the functional program are identified
from determinants, technical standards and engineering needs.
www.minarjournal.com
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Third: Determining the general formative alternative:
Select the most logical and efficient design option, functionally and in line with the
architectural concept, through critical comparison and review, awell
as a review of the
strengths and weaknesses of each alternative.

The second stage: preparing the network system:
First, the network connection between the construction site and the design problem:
The network covers the entire area designated for construction within the site, studies the
engineering and geometric boundaries, activates wind directions, and explores the entrances
compatible with the sides of the surrounding streets.
Building requirements: The percentage of buildings and setbacks are applied, taking
into account the maximum height.
The functional program: It defines the container boundaries of the elements and blocks
within the functional scopes according to the technical parameters and standards.
third level:
Preparing the modular unit: The primary modular unit and the principles of its
structural structure are built from geometric components and virtual scales.
Second: Compilation of Modular Boundaries: It defines the laws of cumulative addition
and generative multiplication that govern and organize the merger of primary modular units,
their spatial diffusion, and their geometric ratios regulating their generation and
compositional overlay, and then linking them later to the network system axes in the form of
formative groups.
Fourth stage: Activating the module network in the actual design stage:
First, the signing of the architectural elements and their sub-formulation: the modal
and non-modular units are signed in separate groups after solving their aggregative
relationships within the ranges of the equipped modular network and before their final
assembly.

Secondly, engineering connection to network systems: The architectural network is
linked to other complementary engineering networks, such as structural and
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electromechanical, and their overlapping points are shown, taking into account their technical
limitations and technical requirements.

The final design of the modular network product:
Questionnaire indicators in support of the research orientation: The designers
supported the difficulty of design applications in the modular network, and that it needs a
methodological guiding mechanism that coincides with the steps of architectural design
supported by illustrative methods and training practice.
They also unanimously agreed on sensing the benefit in preparing the network systems,
preparing the module, providing design alternatives, and its ability to come up with innovative
ideas and solutions in a short time.
Research summary:
Theoretical structures of the concepts of the modular network:
Endoscopic Structure of Retinal Systems:
The network has duality: it is either point / coordinate, represented by network
intersections, or domain / zonal, and it is represented by repetitive spaces within flat networks
and volumetric spaces.
And it has design bodies: either linear or central circular.
As for its design benefits and technical advantages: it directs the paths of functional
solutions, provides plastic alternatives for formations, controls geometric coordinates and
projections, organizes the intersections and axes of construction systems, as well as supports
aesthetics.
The endoscopic structure of the modular systems:
The module has a dual nature: it is either physical / solid or spatial / volumetric, and
it has design bodies: either discrete date or compound, and it has a quantitative character
(i.e. numerical): represented by being a standard unit knowing the value mathematically and
controlling for aesthetic and plastic proportions.
Theoretical Structure of the Modulus Design Network:
Modular grid: It is a compact design tool based on the integration and interaction
between the geometric grid system interconnected by geometry and propagation axes, and
between the standard modules with their flat and spatial repetitions.

www.minarjournal.com

317

MINAR International Journal of Applied Sciences and Technology

References:
[1] Alexander C (1964) Notes on the Synthesis of Form, Harvard University Press, Cambridge,
MA.
[2] Anderson DM (1997) Agile Product Development for Mass Customization: How to Develop
and Deliver Products for Mass Customization, Niche markets, JIT, Build-to-Order, and
Flexible Manufacturing, Irwin Professional, Chicago. Chen S, Wang Y, Tseng MM (2009)
Mass customization as a collaborative engineering effort. Int J Collab Eng 1(1/2):152–
167
[3] Collier DA (1981) The measurement and operating benefits of component part
commonality. Decision Sci 12(1):85–96 DOI: 10.1111/j.1540-5915.1981.tb00063.x
[4] Dixon JR, Duffy MR, Irani R, Meunier K, Orelup M (1988) A proposed taxonomy of
mechanical design problems. In: Tipnis VA; Patton EM et al. (Eds.) Proceedings of ASME
Computers in Engineering Conference, July 31-August 4, 1988, San Francisco, CA, New
York: American Society of Mechanical Engineers, v(2), pp. 41-46.
[5] Erens F, Verhulst K (1997) Architectures for product families, Computers in Industry
Special issue: co-operation in manufacturing systems, 33(2/3): 165-78.
[6] Erixon G., von Yxkull A, Arnström A (1996) Modularity - the basis for product and factory
reengineering, Annals of the CIRP, 45(1): 1-6. doi:10.1016/S0007-8506(07)63005-4
[7] Erixon G (1996) Design for modularity. In: Huang GQ (ed.): Design for X - Concurrent
Engineering Imperatives, Chapman & Hall, New York, pp. 356-379.
[8] Erlandsson A, Erixon G, Ostgren B (1992) Product modules - the link between QFD and
DFA. In: 1992 International Forum on Design for Manufacture and Assembly (DFMA),
June 15-16, 1992, Newport, RI. Wakefield, RI: Boothroyd Dewhurst.
[9] Fujita K, Ishii K (1997) Task structuring toward computational approaches to product
variety design. In: Proceedings of DETC’97. 1997 ASME Design Engineering Technical
Conferences, September 14-17, 1997, Sacramento, CA. DETC97/DAC-3766. New York:
American Society of Mechanical Engineers (ASME).
[10] Henderson RM, Clark KB (1990) Architecture innovation: the reconfiguration of existing
product technologies and the failure of established firms, Admistrative Science Quarterly,
35(1), Special Issue: Technology, Organizations, and Innovation: 9-30. DOI:
10.2307/2393549
[11] Hillström F (1994) Applying axiomatic design to interface analysis in modular product
development. In: American Society of Mechanical Engineers, Design Engineering Division;
Design Automation Committee (Publication) DE. Vol 69-2, ASME, Proceedings of the 2th
Annual Design Automation Conference, Advances in design automation, September 1114, 1994, Minneapolis, MN, pp. 363-372
[12] Hubka V, Eder WE (1988) Theory of Technical Systems: A total concept theory for
Engineering Design, Springer-Verlag, Berlin, Heidelberg.
[13] Ishii K, Eubanks CF, Di Marco P (1994) Design for product retirement and material lifecycle, Material and Design Journal, 15(2): 225-233.
[14] Ishii K, Juengel C, Eubanks CF (1995) Design for product variety: key to product line
structuring. Proceedings of the 1995 Design Engineering Technical Conferences:
Presented at the 1995 ASME Design Engineering Technical Conferences, September 1720, 1995, Boston, MA. ASME, Design Engineering Division: New York. ASME, DE-Vol.
83-2, pp. 499-506
[15] Jiao J, Simpson TW, Siddique Z (2007) Product family design and platform-based product
development: a state-of-the-art review. J Intell Manuf 18(1):5–29 DOI: 10.1007/s10845007-0003-2
[16] Jiao J, Tseng MM (2000) Fundamentals of Product Family Architecture, Integrated
Manufacturing Systems, 11(7): 469-483 DOI: 10.1108/09576060010349776

318

www.minarjournal.com

Volume 4, Issue 3, September 2022
[17] Jiao J, Gershenson JK, Michalek JJ (2007) Managing Modularity and Commonality in
Product and Process Development, Concurrent Engineering: Research and Application,
15(2): 81-83. DOI: 10.1177/1063293X07079308
[18] Karmarkar U, Kubat P (1987) Modular product design and product support, European
Journal of Operational Research 29(1):74-82 doi:10.1016/0377-2217(87)90195-0
[19] Kohlhase N, Birkhofer H (1996) Development of modular structures: the prerequisite for
successful modular products, Journal of Engineering Design 7(3):279-91.
DOI:10.1080/09544829608907941
[20] Krause FL, Kimura F, Kjellberg T, Lu SC-Y., et al. (1993) Product modelling, Annalsof the
CIRP, 42(2): 695-706. doi:10.1016/S0007-8506(07)62532-3
[21] Kusiak A, Huang C-C (1996) Development of modular products, IEEE Transactions on
Components, Packaging, and Manufacturing Technology, Part A, 19(4): 523-38. DOI:
10.1109/95.554934
[22] Lanner P, Malmqvist J (1996) An approach towards considering technical andeconomic
aspects in product architecture design, Proceedings of the 2nd WDK-Workshop on Product
Structuring, TU Delft, The Netherlands, June 3-4, 1996.
[23] Meyer MH (1997) Revitalize your product lines through continuous platform renewal,
Research-Technology Management 40(2): 17-28.Meyer MH, Lehnerd AP (1997) The power
of product platforms: Building Value and Cost Leadership. Free Press, New York.
[24] Newcomb, P.J., Bras, B. and Rosen, D.W. (1996) Implications of modularity on product
design for the life cycle, J. Mech Des 120(3): 483-490 doi:10.1115/1.2829177Pahl G,
Beitz W (1996) Engineering Design: a Systematic Approach, trans. K Wallace. 2nd ed.
Springer, London.
[25] Pimmler TU, Eppinger SD (1994) Integration analysis of product decompositions,
Proceedings of ASME Design Theory and Methodology Conference, Minneapolis,MN,
September 1994, DE-Vol. 68, ASME: New York, pp. 343-351.
[26] Sarlemijn, A and Henk Boddendijk (1995) Producten op maat. QFD als gids bij
productcreatie.Boom, Amsterdam.
[27] Simon HA (1981) The Sciences of the Artificial. MIT Press, Cambridge, MA. Simpson TW
(2004) Product platform design and customization: status and promise. AI EDAM 18(1):3–
20 DOI: 10.1017/S0890060404040028.
[28] Starr MK (1965) Modular production-A new concept. Harv Bus Rev 43(6):131–142
Thevenot HJ, Simpson TW (2006) Commonality indices for product family design:
adetailed comparison. J Eng Design 17(2):99–119 doi: 10.1080/09544820500275693.
[29] Steward DV (1981) Systems Analysis and Management: Structure, Strategy and Design,
Petrocelli Books, New York.
[30] Suh NP (1990) The Principles of Design, Oxford University Press, New York.
[31] Ulrich KT, (1994) Fundaments of product modularity, In: Dasu S and Eastman C (ed.):
Management of Design, Springer, New York, pp. 219-231. doi: 10.1007/978-94-0111390-8_12.
[32] Ulrich K (1995) The role of product architecture in the manufacturing firm, Research
Policy, 24(3): 419-440. doi:10.1016/0048-7333(94)00775-3 .
[33] Ulrich KT, Eppinger SD (1995) Product design and development. McGraw-Hill, New York.
[34] Ulrich KT, Eppinger SD (2000) Product design and development, 2nd edn. McGraw-Hill,
New York.
[35] Van den Thillart (2002) Customised Industrialisation in the Residential sector. Mas
Customisation modelling as a tool for benchmarking, variation and selection. TU Delft.
[36] Van Gassel, Frans & Martin Roders, (2004) IFD Buildings, Production Design Feedback
Model. AUCB report for PRC Bouwcentrum. Delft, the Netherlands.
[37] Van Gassel, Frans, (2006) Modular Construction. ARKO In print.
[38] Web.mit.edu/eppinger/www/pdf/Pimmler_DTM1994.pdf [date of access: 29.12.2016].

www.minarjournal.com

319

