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ABSTRACT: Innovative, lightweight structural/covering technologies are now widely used in both design and 

construction phases. However, this is not supported by an extensive formalization of teaching methods. This paper 

describes courses carried out as part of the studies in technological design of the Faculty of Architecture “L. 

Vanvitelli” at the Second University of Naples. The teaching methods for a small scale – reversible and sustainable – 

lightweight structure are described, with the technical-performative and morphological potential of light 

prefabricated building systems also being taken into consideration. 
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INTRODUCTION  

The proposed teaching methodology was tested during 

the courses of: Laboratory of Construction of 

Architecture, second year of a first level degree in 

Architectural Sciences; Designing Innovative 

Construction Systems, fourth year of a five-year degree 

in Architecture and Construction Engineering. In the first 

case, an approach was adopted that was primarily based 

on reference examples, provided by the lecturer, to be 

used as a vocabulary and constructive for the projects. 

While, in the second, the design solutions obtained from 

the comparison between the results of the 

environmental/urban analysis and the requirements of 

reversible and self-sufficient microarchitectures were 

used. The teaching aimed at the understanding and 

designing of the “sensitive” parts of the architecture, i.e., 

those that: define the structural design in relation to the 

formal setting of the project; may be considered 

“borderline elements” between the building and the 

environment; constitute an “interface” between the 

different parts of the constructive-technological system. 

Thus, a reflection on the relationship between the 

configuration and construction of the architecture is 

proposed, defined through the observation, description 

and representation of the technological details that then 

translate the conception of the project into a concrete 

form. The learning path leads students to designing in 

existing urban areas, promoting the development of new 

structures of the consolidated city that are 

technologically and environmentally aware. The choices 

are supported and motivated by a careful meta-

performance phase supported by a needs-performance 

analysis along with the application of the criteria that are 

the basis of an eco-sustainable approach to architectural 

design. These assumptions are verified through the 

projects developed by the students that through the use of 

innovative technologies, provide appropriate solutions to 

the needs and deficiencies identified in the preliminary 

analysis. 
 

Tab. 1 – Summary of the courses presented 
Laboratory of Construction of Architecture, second year 
staff Professor  

PhD student/architect  
staff to student ratio 1 tutor per 30 students 
brief Learn how to use available technical 

architectural solutions to design sustainable 
and light buildings 
   

Teaching 
methodology 

Lectures, group tutorials, one-to-one 
sessions. 

Course material to be downloaded from the Faculty website 
- PDF of the lecture notes 
- worksheets and graphs 
- format of tables 

Timing - 50 hours preliminary lessons  
- 50 hours case studies (personal database 

of technical construction solutions)  
-  100 hours project work 

Designing Innovative Construction Systems, fourth year 
staff Professor  

PhD student/architect 
2 research fellow architects  
2 expert researchers (workshop) 

staff to student ratio 1 tutor per 15 students 
brief Design reversible, flexible self-sufficient 

microarchitectures in the historical part of 

the city 
Teaching 
methodology 

Lectures, group tutorials, one-to-one 
sessions, workshops 

Course material to be downloaded from the Faculty website 
– PDF of the lecture notes 
– worksheets and graphs 
– open source software 
– format of tables 

timing – 25 hours preliminary analysis  
– 50 hours meta-project workshop 
– 75 hours project work. 
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READ THE ARCHITECTURE OF LIGHTNESS  

In the analysis phase, the consideration was carried 

out starting with examples taken from architecture, 

selected according to their size and design 

characteristics. They were small buildings with a steel 

structural frame, lightweight glass fixtures and stratified 

systems. The educational aim was to build up knowledge 

and create awareness of how structures built with 

innovative systems are able to relate to the particularities 

of the context in which they appear, both in terms of 

culture, as well as environmentally, through the control 

of the configuration and constructive outcomes. It 

focused on the staying upright (safety), protection from 

temperature changes, favouring/opposing the entering of 

light (wellbeing), thus reading the configuration, as an 

approach to reading the  morphological characteristics 

(appearance). The staying upright was analyzed in 

relation to the connections between the structural 

elements as well as between them and the fixtures of the 

building, analyzing the construction concept which 

defines the configuration of the project. The connecting 

nodes were highlighted, intended as the interface points 

between different elements and as such the regulating 

compositional elements of the project. The observation 

focussed on how the structural nodes are sensitive points 

of the building that characterise the structure due to them 

being static elements, which in their relationship with 

other parts of the building acquire a formal and 

configurative value. The “nodes” identified as significant 

were: the connection with the ground, in reference to 

both the type of foundation in the relation to the ground, 

as well as in reference to the separate elements of vertical 

structures, the  main part of the building, or its lifting 

system, and in particular the system of connections 

between horizontal structures (floors) and vertical 

closures; the crowning, that is the configuration system 

that defines the upper boundary of the building, and 

which includes a complex technological system, 

consisting of the horizontal covering structure, from the 

connection with the vertical closures system, the 

perimeter of the waterproofing and insulation of the roof, 

including a rainwater collection system, by any flooring 

systems and protection (guardrails) in the event that the 

coverings can be used. The analysis was carried out 

through a systemic description of the building, 

represented with an exploded axonometric which 

highlights the structural and closing systems as well as 

the connection nodes, which are separately represented in 

their technological details through the indication of the 

materials and stratifications. The design approach to 

well-being is expressed through the evaluation of the 

relationship between the building and context in relation 

to protection from temperature changes as well as the use 

of natural light. The observations were carried out  in 

terms of quality, identifying the strategies adopted in the 

projects analysed and their relationship with the overall 

architectural design. The relationship between solids and 

voids was analysed, in relation to the orientation through 

a dual isometric representation of the entire building, in 

order to include all the sides in relation to the orientation. 

The qualitative and quantitative relationship between 

transparent and opaque surfaces in accordance to all the 

orientations was also highlighted along with the shading 

systems present, separating them into shields, overhangs, 

recesses and courtyards. The system of openings is 

described in order to identify the strategies adopted to 

control the entry of light compared to natural ventilation. 

Through representations in perspective and axonometry, 

a study of the shadows on the facades of the building and 

windowed-elements was carried out, highlighting the 

systems for controlling the entrance of light. 

 

 
Figure 1: Table of analysis: covering/configuration 

relationship of a  Nipponbashi house arch. Waro Kishi 

(students: Belforte, Petito) 
 

In order to analyse the control of ventilation models 

and diagrams, in section and perspective were used, 

which indicated the air flows between the openings, in 

relation to the orientation of the winds, as well as any 

screening systems. The third level of analysis deals with 

the morphological reading of the structures studied, by 

examining the relationship between the covering and 

configuration, which interprets the type of needs of 

appearance in terms of the relationship between the 

formal conception of architecture and the definition of 

constructive lexicon that transforms it into an object. 

Three areas of observation were identified: the 

modularity, the surfaces and the morphology of the 

facades. Identification of the modular elements, 

consisting of coverings or constructive elements of the 

side walls, showing the dimensions and highlighting the 

rhythmic articulation that characterise the design of the 

closure, thus defining a reading level of the geometric 

paths that regulates the design of the facades. More 

specifically, in the examples proposed in the study, it is 

identified with the scans of the structural and/or elements 

that make up the closings and exterior partitions. The 

reading and definition of the covering materials and 

finish of the covering surfaces focuses on the textural 

aspects of the building, which, like the geometric paths, 

contribute to characterising the formal requirements as 

well as the image. The behaviour of the covering 

surfaces in relation to natural light was also defined, 
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highlighting the colour characteristics, the reflection or 

absorption requirements as well as the roughness or 

smoothness. The representations were axonometric as 

well as either to scale or appropriate size, but also with 

photographs of the whole or of particular details which 

were adapted and integrated with the original 

specifications. The morphological analysis was carried 

out according to a method of reading the configuration 

characteristics of the facades based on a systemic 

approach to morphological units (M.U) and classes of 

morphological units (C.M.U.). 

 
 

PLANNING THE ARCHITECTURE OF 

LIGHTNESS 

The laboratory of construction design is held in the 

second year of the three year degree course in 

Architectural Science. With of a class of approximately 

60 students, it aims to design small scale, light, reversible 

and eco-sustainable architecture. A guided learning path 

is proposed in order to develop a technologically and 

environmentally aware project within an existent urban 

context. The course has a technological approach to the 

designing of scale architecture of the building, by 

analyzing and representing its most “sensitive” parts, or 

rather those that define the constructive conception of the 

building in relation to the formal project as well as those 

that constitute the interface between the building and the 

context and those that are the interface between the 

various parts of the technological construction system. In 

particular,  the relationship between the configuration of 

the building and the construction of the covering of the 

building is considered, defined through the observation, 

description and representation of the technological 

details that then translate the concept of the project into a 

concrete form. The proposed theme deals with the project 

of a small public building (an Internet cafè), located in a 

square in the historical centre of Aversa. The initial 

constraints are: Usage of an allocated regular structural 

lay-out; Maximum volume of 750 m2; A maximum 

usable surface of 200 m2 (130 m2 on the ground-floor). 

The building technologies available are: Steel beams and 

pillars; Concrete/steel floors and coverings; Side walls 

preferably prefabricated with structure/coating systems 

(laminated dry). The integration of an active solar system 

(FV and/or thermal solar) in the casing is also required. 

Moreover, the ground floor should also be accessible to 

disabled people. The activities provided by the functional 

lay-out are: a bar counter; a separate small space, where 

food is stored and prepared; seating area were to 

consume food (also outdoors). Public facilities including: 

toilets as well as toilets for disabled people; internet 

point; reading area with book sharing. The relationship 

with the context must take into account a pre-existing 

wall, with three arched recesses, along the south 

boundary of the square. In relation to the wall, the new 

structure can either lean against it or be detached from it, 

preserving the practicability of the resulting space. 

Nevertheless, the theme of the relationship between the 

existing building and the new one in the East elevation 

along Via Abenavolo must be carefully considered. The 

proposed design methodology bases its approach on bio-

climate considerations. Furthermore, the methodology 

assumes the choice of the technological system to be 

used as a condition. The morphological configuration 

and building solutions are obtained through a guided 

learning path. The first design phase includes a bio-

climatic analysis of the site. The climatic data are 

provided as input. While, the requested output is the 

design of the variation of shadows in different seasons, 

different hours of the day as well as wind wakes in 

Winter and Summer within the existing urban context. 

The effects on the project will include climatic control 

strategies (light radiation, wind, transparent surfaces, 

shielding), of the natural illumination as well as energetic 

production (PV, thermal solar) for the wellbeing of the 

open spaces. Subsequently, the second phase includes the 

morphological definition of the project, with the definite 

quantitative, distributive, technological conditions and 

constraints.  

 

 
Figure 2: Exploded view of the construction system (students: 

Autieri, Infante) 

 

The evaluation of the configuration characteristics, 

carried out by morphological units (M.U.) and classes of 

morphological units (C.M.U.) as already developed in 

the analysis phase, make it possible to consciously deal 

with the architectural project in the relationship 

construction/configuration, through the systemic 

approach to the problem. In the third phase, the 

functional layout is developed, considering the 

regulations, with a particular definition of a list of 

functions and their dimension, the study of paths, the 

possibility of furnishing the spaces, the designing of the 

vertical connections, the system for the elimination of 

architectural barriers. The project definition of the 

technological system is carried out through the 

decomposition of the construction system in relation to 

the building/environment interface nodes that have been 
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considered  through the analysis, and revolves around the 

relationship structure/closure as well as the relationship 

casing/energy. The proposed methodology is based on 

the meta-design of the construction system, guided by an 

analysis of the typological environmental system, which 

can be observed through the relationship needs – 

requirements – performance, simplified during the 

previous study. From the meta-design by integrating the 

configuration hypothesis analyzed above, the student is 

led to the definition of the architecture and system 

technology that make it possible to realise it.  

 

 
Figure 3: The project within the urban context (students: 

Cifone et al.)  

 

With reference to the relationship between the 

structural system and the architectural design, in its 

configuration and relationship aspects with the natural 

environment and cultural context in which it is inserted, 

the learning path accompanies the student to acquiring of 

knowledge of the problems that can occur in an 

architectural project, as well as an operational 

methodology for the analysis of the problems of a 

systemic approach to design methodology, the 

knowledge that the object of architecture, as the physical 

and material reality, should be planned and designed in 

its entirety, with the construction process being a 

decisive aspect. The learning path primarily stimulates 

observation and evaluation, through the analysis of 

constructed architectural objects. Subsequently, using the 

acquired knowledge to start a first design path that is 

technologically aware. Three tables were used as 

teaching tools: Structure/Closing, Envelope/Energy, 

Envelope/Configuration, each one divided into more 

detailed areas. The whole project was developed in 

reference to these tables fields, with the transition from 

analysis phase to the designing phase being entirely 

guided. 

 

 

THE WORKSHOP 

The course in Designing Innovative Construction 

Systems in the first year of the five year Bachelor of 

Science degree course in Architecture and Building 

Engineering, aims to allow students to understand in 

further detail and apply innovative technologies for the 

construction of architectural projects, experimenting with 

lightweight, prefabricated building systems. For the 

academic year 2010/2011, the theme of the course was 

the designing of technological-environmental integration 

of micro-architectures for the enhancement and 

renovation of public spaces in a consolidated city, with 

the students being asked to develop project proposals that 

used innovative technologies as well as provided 

appropriate responses to deficiencies identified in the 

preliminary analysis. The renovation process of the 

spaces was then supported by the integration, in 

microarchitecture design, of production systems and off-

grid energy from renewable sources. The choices were 

sustained and motivated by a careful meta-design phase, 

that was supported by a needs-performance analysis as 

well as application of the criteria that are the basis of a 

sustainable approach to architectural design. As part of 

the curriculum of the course in Designing Innovative 

Construction Systems, a meta-design workshop entitled 

Microarchitecture for the public spaces in the historic 

centre of Aversa was organised. The aim of the workshop 

was to guide students through an “intensive” project that 

was carried out in a week, with the analysis of the space 

being studied in order to evaluate the potential of the 

design methodologies identified during the course and 

finally the choice of appropriate meta-design strategies 

for the functional and efficient development of public 

spaces in the consolidated city. Throughout the course, 

the workshop was carried out with the contribution of 

practical lessons as well as support to the design activity, 

with more detailed study of specific aspects. 

 

 

CASE STUDY 

Students of this workshop were asked to confront the 

diversified complexity features of micro-urban systems, 

characterized by closely interlinked areas and currently 

underutilized, located in the centre of Aversa. The choice 

results not only by the location that makes it possible to 

operate in constant “physical” contact with the study 

area, but also by the paradigmatic character of the place. 

Aversa is a typical plain town characterized by a 

stratified building tissue which combines architectural 

episodes of great historical importance with speculative 

ones. The environmental and fruitive quality of the urban 

space results mainly inadequate and in need of 

regeneration and functional integration. The urban 

continuum chosen consists of three squares (Piazza 

Municipio, Piazza Don Diana and Piazza Principe 

Amedeo) that show type-morphological and functional 

diversified features. For the workshop phase, the 

students, divided into groups, were asked to choose one 

of the three proposed open spaces, each of which offered 

specific design ideas that were presented and critically 

discussed during  the introductory day of the workshop. 

The themes proposed for Piazza Principe Amedeo related 

to: relationship/integration with the lawns and 

vegetation; control of solar radiation and shading; control 

of moisture content and perceived comfort. The ideas 

that emerged from the characteristics of Piazza Diana 

were: volumetric integration on the construction; 



PLEA2012 - 28th Conference, Opportunities, Limits & Needs Towards an environmentally responsible architecture Lima, Perú 7-9 November 2012 

 

marginalisation of uses; maximisation of the solar 

contribution. Finally, the suggestions for Piazza 

Municipio included: integration of the needs and related 

uses; rationalisation of the spaces; 

relationship/integration with existing historical/artistic 

buildings. The articulation of the design assumptions of 

the working groups was also oriented with respect to the 

four guiding principles that unify the different 

hypotheses: use of innovative technologies; use of 

lightweight prefabricated building systems; 

implementation of flexible, lightweight and easily 

removable interventions; microarchitecture project. The 

laboratory phase of the workshop was structured into two 

phases: reading/preliminary analysis and meta-design. 

The reading phase dealt with the analysis of the 

environmental characteristics, whose knowledge is 

essential for the formulation of any hypothesis of an 

energetic redevelopment of the area. While, the urban 

analysis relates to the urban micro-compartment rather 

than to the general layout of the city. 

 

 

ENVIRONMENTAL ANALYSIS  

The reading of the microclimate of a site represents 

an extremely important phase since it allows for the 

construction of a cognitive framework that can support 

the design process from the very first stage to the final 

one. The environmental analysis included: identification 

of the irradiation conditions; identification of the shaded 

conditions; the sky view factor calculation. The maps for 

solar access, shading, and the conditions of the Sky View 

Factor of the site, which  were developed with the help of 

the software, SketchUp and Townscope, and were 

provided to students in the basic tool kit (floor plans, 3D 

model, photographs etc.). The students’ task was to test 

the data provided and integrate them in response to 

information found during the onsite inspections. The 

SketchUp software was used to simulate the conditions 

for the shading of the three-dimensional model, 

representing the set of squares in question, during the 

course of the day as well as the year. Through the use of 

the tool Townscope, data on solar access and sky view 

factor were obtained. The input data of the software are 

the three-dimensional model, built with a CAD tool, the 

local climate data, derived from major websites as well 

as the characteristics of the surface materials. The output 

data are numerical data and graphical maps that facilitate 

the reading and understanding of the microclimatic 

phenomena in the sites under study. In particular, the 

mapping of solar access highlighted the spatial 

distribution of the areas with similar sunlight conditions 

and thus provided information on the solar energy 

potential of the space, which depends on the ability to 

accommodate more or less self-efficient energy 

functions. Finally, the Sky View Factor (SVF) indicates 

the ratio of the visible area of the sky and the area 

covered by urban structures. The analyses of the opening 

to the sky also provide valuable information on the 

comfort conditions during the day or year of a site. 

 

 
Figure 4: Software Sketchup: Simulation of the shadows of the 

3D model of the set of squares in Aversa (3pm, winter solstice) 

 

Recent studies show that there is a strong relationship 

between the SVF and the mean radiant temperature 

during the day which, in turn, affects the thermo-

physiological comfort indices. This means that the lower 

the SVF value, the nearer it is to a situation of thermal 

comfort in an open space [2]. 

 

 
Figure 5: The sky view factor calculated for the set of squares 

in Aversa with the software Townscope 

 

 

MICROARCHITECTURES FOR A URBAN 

BOUNDED-OPEN SPACE REINTERPRETATION 

The microarchitectures used in this workshop in an 

instrumental way show the importance of the use of 

materials and construction techniques with an approach 

which considers every environmental units overlapped 

and coincident with the resulting building system. In 

such buildings, the nature of the structure, the spatial 

articulation and the envelope materials assume an even 

greater role in a larger scale building, by reducing 

architecture to its most basic and effective principles. 

The microarchitectures, choosing eco-oriented criteria 

and reversibility/flexibility/process and concept design 

openness (Open Building), and using environmentally 

friendly materials resulting from local production, are 

able not only to facilitate the start of shared processes of 

uses, but also to produce revitalization, enhancement and 

re-appropriation of urban open spaces of the consolidated 

city. 
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Figure 6: Microarchitecture for a new public space concept. 

Students: Ambrosino I., Iannone M. , Ragozzino A. 

 

The meta-project of self-sufficient microarchitectures 

characterized by dynamic/variable configurations 

compares itself with the urban scale. Despite the small 

size of the interventions, the feedback will be readable on 

a larger scale, producing valuable outcomes for the site 

use. To configure the performative assets of new urban 

intensive performing spaces [6], an appropriate mode of 

space interpretation and modelization is required. The 

model must also be able to return the full nature of the 

complexity resulting from the stratification through the 

overlayering of local phenomena and highly diversified 

global fields of structural and superstructural, tangible 

and intangible. Students initially proceed with a quick 

reading/analysis – but not reductive – of  the physical 

system of the urban open space, specifically tested on the 

case study. According to a systemic approach derived 

from Architecture Technology and according by the 

present scientific thought [3], it is possible to synthesize 

the urban open space as a space portion bounded, in 

which the physical dimension is added to the structural 

layering of the intangible meanings that coexist and 

comply with the assets of an “augmented” space 

dimension [1]. The students join a physical space system 

interpretation, in a parallel multi-criteria analysis, with 

the overlapping areal reading of layers that identify 

collective uses, daily and seasonally monitored. The 

synergistic interpretation of the obtained data is aimed at 

identifying areas so as to allow interventions that, by 

pursuing a functional and technological optimization 

perspective, could integrate distributed micro-generation 

energy systems. Through a multiscalar analysis and then 

with sequential “zoom”, students face a qualitative 

reading of features and components of  the urban open 

space. At the micro-urban scale, students analyse the 

relationship between the centrality of each component, 

the area of study and the city. On a close scale, the 

morphological and dimensional relationship between the 

horizontal and vertical limits is defined, showing the 

entity of the incident energy flows (sun, wind). the 

principal relationships between the size of the horizontal 

and vertical (D/H) are also analysed, noting the 

characteristics of the perceptive space portion considered 

in relation to the continuity of the surfaces of the 

physical borders. Finally, the students test the application 

of the innovative technologies for energy production 

(mainly PV and piezoelectric) in order to obtain energy 

self-sufficient microarchitectures, thus creating self-

sufficient hubs. 

 

 
Figure 7: Stratification of uses and physical elements in an  

urban bounded-open space. 

 
 

NOTES.  

Paragraph 1 is edited by Mariarosaria Arena, paragraph 2 

is edited by Sergio Rinaldi, paragraphs 3, and 5 are 

edited by Raffaela De Martino, the paragraph 4 is edited 

by Luigi Foglia and Raffaela De Martino, paragraph 6 is 

edited by Luigi Foglia. 
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