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Foreword
We hope that you, as friends and colleagues, along with your families and your loved ones,
are all in good health and good spirits.

The Research Journal of Mathematics and Technology (RIMT) is a printed forum for the
publication of selected papers from the Electronic Journal of Mathematics and Technology
(eJMT: http://ejmt.mathandtech.org/). One of eJMT’s goals is to publish peer-reviewed
papers demonstrating how “technology” can be utilized to make mathematics and its
applications fun (F), accessible (A), challenging (C) and theoretical (T).

This special issue contains papers from the 2022 CADGME conference in Jerusalem, the
10th in the series. The conference took place from 12 to 14 September 2022. We thank
Professor Csaba Sarvari for serving as a guest editor for this issue. As you read these five
papers you will see discussions of different areas of mathematics using various technologies.
We hope these innovative ways of exploring mathematics will be beneficial to you and your
students. As you do so, we encourage you to write about your experiences for future issues of
eJMT. Instructions for preparing and submitting papers to eJMT can be found online at
https://ejmt.mathandtech.org/SubmissionGuidelines.html.

As this edition of RIMT is being prepared, we are planning the 29" ATCM (Asian
Technology Conference in Mathematics: https://atcm.mathandtech.org/) to be held in hybrid
format from December 8-11, 2024, which is to be in Yogyakarta, Indonesia Thank you all for
your continued support of eJMT, RIMT, and ATCM.

Mirostaw Majewski Wei-Ch Yang
Guest Editor Editor-in-chief


https://atcm.mathandtech.org/
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3D printing and laser cutting of architectural heritage
for use in mathematics education

Sergio Alonso
e-mail: zerjioi@ugr.es
Department of Languages and Computer Systems
University of Granada. Spain

Alvaro Martinez-Sevilla
e-mail: asevilla@ugr.es
Research Institute on Data Science and Computational Intelligence DaSCI
University of Granada. Spain

Abstract

The recent introduction of new technologies such as 3D printing or laser cutting has made it possible
to support the visualization and manipulation of mathematical objects with easy-to-produce parts.
These parts, as opposed to the handcrafted ones, are manufactured from a digital file containing the
design of the part.

In this article we focus on mathematical objects derived from architectural and art elements. They are
of special interest, both for their mathematical design and for their link to art, to history, and to the
emotions produced by their contemplation in the monumental heritage. This, together with the
engineering of their design and the technology of their production, makes them a real STEAM
material.

We will expose the manufacture of some elements such as mugarnas ceilings, cross ribbed vaults,
iconic renaissance elements, islamic mosaics and some more. We will detail the geometric
characteristics of these elements, their design process to obtain a 3D or 2D model and the means of
fabrication to obtain an operable piece. Finally we will discuss some examples and indications of
their use in didactic workshops for mathematics education.

1. Introduction

The historical architectural heritage contains many examples of objects with geometric nature and
great visual appeal. These elements have been used to analyze the significance of monuments and
also as a resource in mathematics education [8, 9]. In the latter aspect, the historical values, the
cultural and emotional connection that they represent and their geometric elaboration over centuries
make them a great resource to organize mathematical visits, workshops and collaborative tasks for
students.

However, some of these elements are difficult to understand at a glance, even using images and
drawing mathematical layers over them (for example using GeoGebra [16]). However, the display
of a physical 3D model and its manipulation takes the student to another world of spatial
recognition and improves attention, understanding of the object and increases the interest in it.

Fortunately, in recent years, the rising technologies of 3D printing and laser cutting, have emerged
helping us to materialize this kind of models. Both technologies are very suitable for reproducing
architectural objects, whose main design rules are of geometrical type (curves, tessellations,
Euclidean geometry in 2D or 3D, and so on), which may be complex to understand. Moreover,
many models can be decomposed in different pieces forming a kind of puzzle, which once
assembled emulates the architectural object and shows all its parts and their relationship. To sum
up, they are great for spatial understanding and as visual and conceptual stimulation.



In this article we will focus on some intricate and complex architectural heritage objects. We
describe how to model and produce them, in order to use them as an aiding tool to explain
mathematical concepts that are applied in architecture and arts.

Particularly, we will focus on muqarnas vaults and ribbed domes, typical of Islamic architecture,
and some other renaissance and baroque iconic objects. We will also show how to laser cut some of
the best known and geometrically pleasing objects, the mosaics of Andalusian decoration. These
wood tiles, once painted and mounted, are an excellent tool to teach about math concepts such as
reflections, rotations and translations. Even more, using those tiles we can explain the different
configurations of the “wallpaper groups”. Last, but not least, we also show how we have modeled
and produced some tools to be used in math education in order to manipulate concepts like
proportions and the configuration parameters from horseshoe arches.

2. Mugarnas vaults

Mugarnas vaults are some of the most complex 3D geometrical objects in Andalusian architecture.
They are produced by aggregation of simpler structures [4, 11, 12]. Muqarnas are marvelous pieces
of architectural decoration, which produce amazement and recreate our visual capacity in their
geometric interlocking (Fig. 1).

Figure 1. Mugqarnas vault. Dos Hermanas hall. La Alhambra (Granada).

To produce a realistic model of a muqarnas vault we part from 4 basic prisms with section sizes
based on \2 proportions that interlock (Fig. 2). These prisms are called conza, medio cuadrado (half
square), dumbaque and jaira (Fig. 3). In addition to the basic prisms some other singular prisms
such as estrella (star), almendrilla or other special ones are added. The star shaped prism usually
forms the central piece or center of local radial symmetries in the vault.
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