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ABSTRACT: In the second half of the nineteenth century in Italy great transformations occurred in construction
industry. National unification (1861) obliged to improve fortifications and to build many new barracks, therefore it was necessary to expand Engineer Corps enlisting military officers from dissolved armies of the former
states; coincidently the Military Schools were reorganized. The professors of these teaching institutions contributed to develop and to spread new construction techniques and theories publishing manuals and papers, establishing a school that gave military engineer a technical and scientific training corresponding to European
culture. Moreover their activity played a part in determining civil architecture thanks to the diffusion of their
technical and theoretical work. A few of these teachers worked out original analysis methods for the design of
reinforced concrete structures that had been thus precociously used in military constructions. Among these
professors we can particularly mention generals Sachero, Castellazzi, Caveglia and Marrullier.

CONSTRUCTION INDUSTRY AFTER ITALIAN NATIONAL UNIFICATION
In the second half of the nineteenth century Italy undergone a period of great transformations in the building
field, though with some years of delay compared to more industrialized countries; on one side new building
materials began to spread, on the other side new scientific methods for structural analysis and strength of material tests were introduced. This period was characterized by a vast scientific and technical editorial production, aiming to the diffusion of knowledge and the updating of culture (Guenzi 1981).
At the same time the Unity of Italy (1861) encouraged the realization of a modern infrastructural system and
the definition of a new defensive asset, starting with the construction of various military works and new barracks. Therefore the Ministry of War supported a progressive expansion of the Engineer personnel, enlisting officers and cadets of pre-union and Garibaldi army, as well as many engineers from civil universities; this guaranteed the improving of positive cultural contributions, but implied unequal technical preparation.
Evolution of technical training of military and civil engineers
The tradition of the Savoy Reign regarding the technical training of the officers was based on a hundred year
tradition. After the experience in 1739-1816 in the Regie Scuole Teoriche e Pratiche di Artiglieria e Fortificazione, King Vittorio Emanuele I of Sardinia, established in 1816 in Turin the Reale Accademia Militare, and followed in 1819 the Scuola di Applicazione per gli Ufficiali del Corpo Reale del Genio, intended to deepen the
technical education of the officers, and in 1822 the Scuola Teorica di Applicazione ad uso degli Ufficiali del
Corpo Reale di Artiglieria. After some nominal and organizational change, in 1838 the two training courses were unified in the Scuola Complementare di Sperimento (later renamed Scuola di Applicazione per le Armi Dotte in 1840, Scuola Complementare di Artiglieria e Genio in 1851) (Manzi et al. 1939, pp. 15-91).
Excellent military teachers gave their contribution to the growth and prestige of this school, whose scientific
and technical influence was extremely relevant. Among the others we must mention at least Luigi Federico
Manabrea (1809-76): he formulated one of the first application of the theory of elasticity to structural calculation (1858), and he lectured in the School (1840-48), as well as in the University of Turin (1846-60); after national
unification he began the political career, becoming Minister more than once, national Chairman (1867-69).
In the civil sphere in the first half of nineteenth century, in the Kingdom of Sardinia University of Turin provided a
course of study in Mathematics with specialization in hydraulic engineering and civil architecture (Silvestri 2006,
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p. 224); in the Kingdom of Lombardy-Venetia the technical training was provided by University of Pavia, which
instituted a three-year specialization course to be attended after a two-years foundation course in mathematics (Erba 2006, p. 360).
In 1860 the Legge Casati came into force, reforming the whole school system due to the changing political,
technical and scientific contest; it scheduled that, after a formative biennial period to attend at the Faculties
of Physical, Mathematical and Natural Sciences, applicant civil engineers had to follow a three-year period at
the Application Schools for Engineers. The Scuola di Applicazione per Ingegneri (founded in Turin in 1860) and
the Regio Istituto Tecnico Superiore (founded in Milan in 1863) were the prototypes for the next school established in other Italian cities (Silvestri 2006, pp. 223-227; Erba 2006, pp. 360).
Beside the renovation of civil technical studies, to ensure an adequate formative career to the officers in 1863
King Vittorio Emanuele II prescribed a new course of study, which was based on three years at the Regia Accademia Militare (RAM), and the following two at the Scuola d’Applicazione di Artiglieria e Genio (SAAG), in
the single seat in Turin (Manzi et al. 1939, p. 95), where the school remained even after the relocation of the
national capital city first to Florence (1966) and then to Rome (1970), because of the rich scientific and technical contest due to the presence of the civil Scuola di Applicazione per Ingegneri.
Teachers of these military institutes established a school that gave military designers an education that was
coherent with the scientific and technical European culture, in their teaching they were involved in the positivist scientific culture of the time, promoting and actively contributing to the development and the diffusion of
the new building techniques and the structural analysis methods, with the publishing of manuals and various
articles on technical reviews both military and civil. With the turning of the century, some officers worked out
original calculation theories for the use of reinforced concrete in buildings, as they prematurely guessed the
potentialities of its usage in civil and defensive works (fortifications and casemates) and they experimented innovative constructive solutions (Iori 2001).
As examples of the influence of military Engineers on Italian civil construction history we can mention generals
Celestino Sachero, Giovanni Castellazzi, Crescentino Caveglia and Emilio Marrullier: their personal and scientific events went through a one-hundred years period, from the Unity of Italy to the Second World War.
CELESTINO SACHERO
Giovanni Celestino Sachero (Canale d’Alba, 5 April 1821 – Turin, 3 November 1908), graduated in Hydraulic
Engineering and Civil Architecture at the University of Turin, and in 1841, after a short training at the RAM, he
became luogotenente in the Engineer corps. He worked in the Direzione del Genio of Alessandria and in 1847
he was appointed honorary professor at the Scuola di Applicazione per le Armi Dotte. Becoming capitano, in
1848 he took part in the First War of Independence, where he got a silver medal for valour for his role against
the Austrians in the Battle of Novara, which was lost by the Piedmontese Army.
In the following years he grew his scientific prestige: in 1852 he presented at the Accademia delle Scienze di
Torino a memoir regarding the earth pressure on retaining walls; subsequently he became effective professor
of Meccanica applicata (1854-59) and Fortificazione permanente (1855-59) at the Scuola Complementare di
Artiglieria e Genio and Fortificazione campale (1855-59) at the RAM; from 1854 to 1863 he was teacher of
mathematics and fortifications of princes Umberto (next king of Italy) and Amedeo di Savoia.
Two of his most important works were produced during these years: Lezioni di Meccanica applicata alle macchine (Sachero 1857), one of the first manual to be published in Italian, that examined this subject in a systematic way, and Corso di Fortificazione permanente d’attacco e difesa delle piazze forti (lithographed in manuscript at first and then extended and press-published in Sachero 1861).
in 1859 he was promoted maggiore, then he took part in the Second War of Independence, gaining the rank
of tenente colonnello, and he was assigned the troops service. In 1860 he became member of the Consiglio di
amministrazione e perfezionamento of the Scuola d’applicazione per gli ingegneri in Turin, remaining in charge until 1882. After becoming colonnello in 1861 he was assigned to the Direzione del Genio in Turin, where he
coordinated the vast military building activity that followed the national unification.
In 1863 he was assigned the direction of the new SAAG, where he stayed for 18 years, even after his upgrading
to maggiore generale (1866) and tenente generale (1875). During his presidency the school graduated more
than 1350 officers (Manzi et al. p. 102), all of them intended to operate with specific up-to-date technical skills
and homogeneous training, in a time where Italy was in constant development.
In the same way as it happened in the schools for civil engineers, the course of study for the officers in Artillery
and Engineer was based on a strong link between scientific studies, technical applications, practise and construction site visits, thus to form experts that were able to be operative in designing, to make economical
evaluations and to supervise building and defensive works.
This methodological approach is made clear in Studii sulla stabilità delle armature dei tetti (Sachero 1864),
published on the Giornale del Genio Militare in 1864, where Sachero illustrated original methods for the analysis
and the designing of a great variety of trusses used for multiple span. This study underlined the importance of
theory of strength of materials to gain the best of the usage of wooden structures, making them safe and economic, and it showed the necessity of this for its application to metallic structures, where the different solutions
and the lack of traditions made the intuitive design almost impossible. He extended to a number of applications the method formulated by Jacques Antoine Charles Bresse, based on the hypothesis that continuous
elements supported in intermediate points (struts supported by pendant posts, tie beams supported by stirrups
linked to king posts) could be considered as continuous elastic beams on different stiff supports. Bending mo-
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ment and a sub-division of the affecting loads on joints could be deduced from this hypothesis; finally the
equilibrium of joints is imposed analytically to calculate the axial actions in the bars (fig. 1).

Figure 1: Portrait of Celestino Sachero (left, Rocchi 1908, p. 351), view of a palladian truss (top right, Sachero
1864, p. 250) and graphic scheme for its static analysis (bottom right, Caveglia 1878, plate X): reactions R1, R2
and R3 are calculated in the hypothesis of rigid bearing in point A, D and B.
This method appeared to be among the most effective before Castigliano demonstrated the principle of the
least work of Menabrea and illustrated the practical applicability to the analysis of hyperstatic structures; in the
case of loads distributed on bars, it gives similar results to the hyperstatic analysis, more than the following
elaborations of the graphical static applied to statically determinate trusses.
In 1881 Sachero left the charge of the school to become member of the Comitato di Artiglieria e Genio, the
highest organ among Italian technical bodies. His reputation as an expert in defensive matters, enhanced by
his Italian version of Der Festungskrieg by Moritz Ritter von Brunner (Ritter von Brunner 1873), was worth a place
in the Commissione suprema per la difesa dello Stato (1880-83), which elaborated a plan for the strengthening
of borders, that was not carried out for economical reasons.
From 1883 until his retirement (1885) he was at last commander of the RAM.
Sachero represents in the Italian context an important figure of historian and theoretician of fortification, a skilful technician able to establish a strong link between the civil and military academic world, in the delicate
turning point from the empiric constructive technique to the scientific one.
GIOVANNI CASTELLAZZI
Giovanni Castellazzi (Sartirana Lomellina, 12 December 1824 - Saint Vincent, 24 August 1876) studied Civil Architecture at the University of Turin, where he graduated in 1847. He was one of Carlo Promis’ pupil, preeminent scholar of the history of fortification, thanks to him the fundamental role of Francesco di Giorgio Martini
was underlined for the designing of modern defensive structures.
In 1848, at the beginning of the First War of Independence, he enlisted as volunteer in the Engineer army with
the rank of tenente. In the following years he was assigned to the Direzione del Genio in Alessandria, making
esteems and appraisals and collaborating to a planning of a cavalry regimental barrack and of a riding
school where the usage of wooden segmental arch trusses with wooden tie-beams, 21 m span, was experimented (fig. 2). This system differs from the one presented by Philibert De l’Orme, as it doesn’t use multiple thin
boards, but uses instead thick elements (9 cm) on two aligned layers with joints staggered; each element is
feathered to the next and connected to the parallel ones with three bolts at the ends.
In 1853 he went to the Ufficio del Genio in Casale Monferrato, where firstly he worked on some fortification
works, and later, from 1856, he designed and supervised the restructuring of the city wall. This work was worth a
safe prestige in this field, and he was appointed Professor of Fortificazione at the RAM (1859).
In 1860-62 he was senior clerk official and later under-secretary of the Direzione del Genio in Turin, under the
supervision of colonel Sachero. Thanks to the building fervour that followed the unity of Italy, he designed and
supervised the construction of various military buildings in Turin, where he expressed his design skills, e.g. in the
Caserma della Cernaia, the shooting range and a number of warehouses and laboratories.
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Figure 2: Giovanni Castellazzi (left, Fara 1985, plate 17), title-page of the first year of the Giornale del Genio Militare (middle), cross section of the Cavallerizza Montebello in Alessandria whose roof was realized with
wooden segmental arches with timber tie-beam (top right) and detail of the wooden segmental arch with
wrought iron tie-rod proposed for the roof of riding schools (bottom right, Castellazzi 1863d).

Figure 3: Longitudinal section (top), first floor (middle) and ground floor (bottom) of the type-project of barrack
for horse artillery in which Castellazzi experimented the scattering between the stables and the dormitories.
After receiving the upgrading to lieutenant colonel, he became director of the Ufficio Tecnico del Comitato
del Genio. He was sent to mission to Tuscany, France, Belgium and England to study technical and typological
aspects of military buildings, he worked out and published on Giornale del Genio Militare, where he was director (1863-64), the most significant examples of barracks, together with a very accurate series of explanatory
charts, that contributed to the diffusion of European military culture in. In those same years he published various type-projects of barracks (Castellazzi 1863a, Castellazzi 1863b), warehouses (Castellazzi 1863c, Castellazzi
1864) and riding schools (where he presented again the wooden arched truss with a metallic tie-rod variation
as in fig. 2, Castellazzi 1863d), along with constructive details, structural computations – rarely used at those
times – and calculation of expenses. These studies greatly influenced the typological evolution of Italian barracks, becoming reference and example models to a number of projects built on the whole national territory.
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In particular, the solution elaborated for the horse army barracks was of great importance, where he designed
a system of staggered rooms, used up to the 1880s, to remedy the different depths of the stables compared to
the overlapping dormitories, supported by columns at the lower level (fig. 3).
In the years between 1864 and 1869, by appointment of the Ministry of Finance and later as director of the Engineer, he studied a plan for the changing of the capital from Turin to Florence, locating the most suitable
buildings to house institutional and governmental bodies, subsequently he designed and directed the restructuring of buildings for the Ministry of War and some barracks.
In 1869, after being appointed director of studies at the RAM (and the following year second-in-command), he
went back to Turin, where from 1870 he ran, as Professor, the chair of Architettura in the Scuola di Applicazione
degli Ingegneri Civili, which was before occupied by Carlo Promis, of whom he published a vast collection of
projects, together with some of his own works (Promis; Castellazzi, 1871).
In 1875 he was upgraded maggiore generale, but few months later he fell ill and subsequently died.
During his activity, Castellazzi actively took part in various military campaigns, where he applied his technical
skills to war aims, and thanks to this he accelerated his military career and grew his notoriety and influence in
the civil field too: he was capitano during the Crimean War (1854-55), where he built a field hospital and
erected two war memorials, gaining the rank of maggiore; during the second War of Independence (1859) he
was in charge of mining the bridges and flooding the planes around Novara to stop the entry of the Austrians;
in 1866, during the Third War of Independence (at the end of which he was upgraded colonnello) he was assigned to mining the bridges on the Tagliamento and the Stella.
Castellazzi’s works introduced some interesting technical and constructive experimentations, but his projects
were the things that strongly influenced the typological and stylistic aspects of military buildings, becoming
paradigm of an eclectic style (preeminently expressed through neo-romanic and neo-renaissance forms), deriving his rules from technical end economic reasons, and by the explicit necessity of an austere and sober
military image.
CRESCENTINO CAVEGLIA
Crescentino Caveglia (Turin, 1 June 1844 - Castelgandolfo, 1 September 1922) attended from 1860 to 1862 the
RAM and in the two-year period 1863-64 the recently instituted SAAG. At the end of his studies he was appointed tenente of the Engineer corps and sent to the secondo Reggimento zappatori, with whom he took
part in the Third War of Independence (1866). At the end of the military campaign, while in leave due to the
staff reduction connected to economic problems that followed the war efforts, he graduated in Civil Engineering at the Scuola di Applicazione per Ingegneri in Turin (1867).
In 1868 he was called back to service, and he was at first sent to the Direzione del Genio in Treviso, and later to
the one in Alessandria, where he stayed until 1870, giving his contribution to the making of machinery and instruments used to study the mechanic behaviour of building materials.
Between December 1870 and October 1871 he attended a special class in the Scuola Superiore di Guerra, at
the end of which he was appointed teacher of Costruzioni civili e militari (initially a assistant teacher and from
1874 as tenured) and of Meccanica applicata (1882-83) at the SAAG, where he stayed until 1883. In this period he collaborated with Alberto Gabba to the second volume (Gabba; Caveglia 1876) and wholly wrote the
third (Caveglia 1878) of the Corso di costruzioni civili e militari, a manual, that was for many years the referring
text to study building techniques at the SAAG. As supplement to the second volume, dedicated to the analysis
of structures and strength of materials, he published his lectures of graphical statics (Caveglia 1876), a newly
born subject (Die graphische Statik by Karl Culmann was published in 1866, and Le figure reciproche nella
statica grafica by Luigi Cremona in 1872), which he introduced at the SAAG in the same years when Giovanni
Curioni started the teaching at the school for civil engineers in Turin. In the third volume, about building elements and techniques, he recalled the control methods on trusses by Sachero (fig. 1), giving a more systematic approach to operative stages in the calculation of stress, and establishing a method to locate the most
stressed sections, where strength checks had to be done (Caveglia 1878, pp. 141-182). The attention, specific
of the culture of the time, to systematize the knowledge and to acknowledge and diffuse in a critical way innovations and their applications, clearly emerges from this treaty; the richness in historical cross-references and
detailed annotations keeps the book in balance between encyclopaedism and manuals, placing it in an exhaustive strand, due to the subsequent cultural division between architects and engineers. The first produced
manuals rich in illustrations but lacking of scientific media, the last published handbooks where practical furmulae, charts and nomograms prevailed.
In 1883 he went into Direzione del Genio in Turin, where he worked on the renewals of the western frontier fortifications in connection with the updating of the defensive systems. He was upgraded maggiore in 1888, and
he was again sent to the SAAG as teacher of Fortificazione.
He then held different job assignments: Comando superiore del Genio per i lavori della Regia Marina (188991), Ufficio dell’Ispettore delle direzioni del Genio fortezze e fabbricati (1891-94), Ufficio dell’Ispettore generale
del Genio (1894-95), command of the quinto Reggimento del Genio (1895-98), where he was upgraded colonnello, Head of the Ufficio dell’Ispettore generale del Genio (1898-99). In this period he also published various
articles on technical aspects which he faced working in his roles, besides the different suggestions he made for
the rearrangement of school sections of the officers of the Engineer, and an historical study on La scienza e
l’arte del minatore militare (Caveglia, 1899) translated in many foreign journals.
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In 1900 he was in charge of the Comando del Genio, firstly in Venice and then in Rome, where he remained
also after his upgrading to maggiore generale (1901); in 1903 he was appointed Ispettore delle costruzioni del
Genio and in 1906 Ispettore generale del Genio, role that he kept up to his retirement in 1908, after his upgrading to tenente generale.

Figure 4: Crescentino Caveglia (left), cast-in-situ reinforced concrete ribbed floor (top right), reinforced concrete ribbed floor made of pre-cast beam supporting precast slabs with connecting concrete cast, the last
drawn with darker filling (bottom middle) and pre-cast rectangular hollow core beams put side-by-side to
make the plain of the floor (bottom right).
In this very last period he elaborated his most important theoretical contributions, based on an original calculation method for reinforced concrete structures, together with a number of certificates and applications on
cast in situ or pre-cast floors (Caveglia 1900, Caveglia 1903a, Caveglia 1903b), or made with tubular pre-cast
elements (Caveglia 1905) as can be seen in fig. 4, and on pillars (Caveglia 1904, Caveglia 1906a) and foundations (Caveglia 1906b). He assumed a linear elastic behaviour for steel and concrete, based on the hypothesis
of making the most of the small tensile strength of the latter, as, using low quality rebars, he adopted really low
tensile strength, corresponding to strain lower than the conglomerate breaking strength. To simplify the designers’ work, he also worked out various graphs and numeric charts, that allowed to skip lots of the complicated calculations. This theory was supported by a large number of experimental tests carried out at the Direzione Generale del Genio in Rome, and since its first publishing in 1900, it was used to design the reinforced
concrete structures made by the military Engineer by order of the Ispettorato delle costruzioni del Genio.
Dismissing for his will from the Army, Caveglia kept active his interest on technical problems, publishing in 1909
a last interesting article on the use of reinforced concrete in seismic areas, following the catastrophic earthquake in the cities of Messina and Reggio Calabria (Caveglia 1909).
EMILIO MARRULLIER
Emilio Marrullier (Capua, 25 December 1856 – Naples, 2 January 1942) studied at the RAM and at the SAAG
(1880-82), where Caveglia taught Costruzioni civili e militari. At the end of his education he was appointed
tenente of the Engineer corps in the secondo Reggimento zappatori. In the years 1884-85 he worked with
Caveglia at the Direzione del Genio in Turin, there he designed the Military Arsenal neo-baroque façade.
In 1885 he was sent to the Collegio militare in Milan as a teacher. He became capitano in 1887 and he was
sent to the Direzione del Genio in Bologna and he was there in charge of the works at Porto Corsini in Ravenna. After being sent to the Ufficio del Genio in La Spezia (1888), he supervised the finishing of some forts
and of the armoured tower Umberto I; he also designed and supervised the building of fort of Monte Bastia,
organically fitting it into the nature of the site, going against the formalist tendency common at that time. Due
to his background he was sent the Ufficio del Genio in Bari, where he was assigned to planning and supervising the building of the armoured tower Vittorio Emanuele II on the San Paolo isle, in the port of Taranto. Thanks
to detailed design and careful direct survey, he reached better technical results and a remarkable saving in
money compared to the previous experience.
After a short time he spent in Rome in the Brigata specialisti aerostieri (1901), where he was upgraded maggiore, he was sent back to the secondo Reggimento zappatori (1902-04), where he elaborated some defensive
structure studies, among the others an experimental plan for the building of armoured casemate with a concrete dome and he analyzed the technical and economic convenience compared to analogous metallic
constructions of the time (Marrullier 1904).
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While he lectured Architettura at the SAAG (1904-11) he was upgraded tenente colonnello, and he radically
renewed the teachings by introducing the study of reinforced concrete buildings and changing the architectural drawing practise to a real military building design, together with static calculation and estimate of quantities, corresponding to a degree thesis. His lectures on traditional building techniques and on reinforced concrete were published in the Guida pratica per la costruzione degli edifizi con particolare riguardo al cemento
armato (Marrullier 1910), having a remarkable popularity between 1910 and 1925, during which six editions
were published. Starting from the title this manual is a practical guide where he analyzes building structures,
both traditional (fig. 5), steel and reinforced concrete ones, with the same methodological approach, where
the static analysis and strength checks are finalized to gain the best of the economic resources. Therefore calculation examples applied to common buildings support theoretical aspects, sometimes suggesting innovative technical solutions, e.g. the use of arches for the main frame in long span reinforced concrete floors (fig.
5). The study of reinforced concrete is run without considering the conglomerate tensile stress, as the Italian
1907 law imposed, and is made easier by a number of summarized pages and numeric charts.

Figure 5: Emilio Marrullier (left), scheme of a traditional masonry building for the strength check for the perimeter wall (middle), reinforced concrete arch 14 m span supporting a reinforced concrete ribbed floor (top right)
and detail of the multiple tie-rod restraint.
After his upgrading to colonnello, in 1911, he became Direttore del Genio in Milan, he later went back to Turin
in 1916 as maggiore generale. In this period he deepened his studies on defensive works, publishing some
more articles on rotating casemates, and he was in charge of war materials supply for the First World War.
At the end of hostilities he was sent in auxiliary position and he was upgraded generale di divisione (1923), going at last to reserve list (1926). Despite the advanced age, he committed himself to further technical studies,
he updated his manual introducing code developments for reinforced concrete, and he published Le
Costruzioni civili e industriali (Marrullier; Garuffa 1932), a popular text containing lectures he took at the SAAG
on history, styles and design of architecture, building typologies along with a summary on building techniques.
Marrullier, thanks to his projects and writings, stands out as a distinctive expert in fortification, as an innovator
and experimenter in civil and military building field, whose teachings and theories are not limited to the speculative aspects but are mainly finalized to an operative application.
CONCLUSIONS
Since National unification and even after the relocation of the capital city, Turin functioned as one of the centres of scientific and technical research and education for Italian civil and military engineers; the presence of
the SAAG and of the Scuola di Applicazioni per Ingegneri contributed a lot to this. Between the two schools
many profitable interactions took place, and this allowed several military officers to teach in the civil school.
In this context generals Celestino Sachero, Giovanni Castellazzi, Crescentino Caveglia and Emilio Marrullier
were educated and they carried out part of their activities: their figures can be recognized as examples of the
evolution of the entire Italian military technical culture. While developing canonical military careers, they took
part in military campaigns, and they functioned as administrators and technicians all over national territory. In
their technical activities they studied, tested and applied new materials, new construction techniques, and
some of the earlier structural analysis methods. Sachero was one of the first to apply methods of strength of
materials to design roof structures; Castellazzi put on trial new structural systems in his typologically innovative
plans; Caveglia contributed to the spread of graphical statics and studied some of the first methods for the
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design of reinforced concrete structures; Marrullier tested innovative applications of concrete to civil and military constructions. We must add to this that they lectured and published their researches and plans in treatises,
handbook and essays in civil and military reviews; thanks to the diffusion of their works and to the part they
took in Universities and scientific institutions, their results promoted technical knowledge thus influencing civil
architecture too.
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