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ABSTRACT

Building codes are a fundamental part of the overall strategy for the reduction of seismic risk but their origin is not recent, indeed, sev—
eral historical examples are available. After the 1859 Norcia (Central Italy) and 1883 Ischia (Southern Italy) earthquakes two standards
were issued, which can be considered a remarkable attempt to improve the performance of ordinary unreinforced masonry structures by
regulating architectural configuration and structural details. Both documents contain interesting observations about ground stratigra—
phy and topography, masonry units and mortar, vaults and horizontal floors, connections and tie-rods, new and existing construction.
All these aspects represent a codification of earthquake-resistant techniques used in seismic zones in accordance with best practice, still
extraordinarily relevant when compared with both recent standard recommendations about structural details and with the performance
observed during the 2016 and 2017 earthquakes.
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Franca, 1965; Mascarenhas, 2004; Rossa, 1998; Ruggieri,
2017), and finally the “Instructions for Engineers com-
missioned in South Calabria” by the Borbone government
in 1784 [Grimaldi, 1863; Ruggieri, 2017; Vivenzio,
1788]. All these regulations are unquestionably a first fun-
damental, qualitative, step towards the more complete
quantitative standards of the twentieth century, such as
those issued after the 1906 San Francisco earthquake [Re-
itherman, 2012] and the 1908 Messina and Southern Cal-
abria earthquake [Sorrentino, 2007].

Despite the presence of extensive literature on a co-
eval earthquake-resistant system involving the use of half-
timbered constructions, named “Pombalino system” in Por-
tugal and “casa baraccata” in Italy [Favaro, 1883; Galas-
si et al,, 2014; Marcovigi, 1916; Masciari-Genoese,
1915; Ricco, 1907; Ruffolo, 1912; Sacco, 1908; Stellac-
ci et al., 2016; Vivenzio, 1788], seismic-resistant techniques
for unreinforced masonry buildings seem to arouse less
interest, resulting in a lack of literature. Therefore, em-
phasis will be placed in this paper on the recommenda-
tions for unreinforced masonry constructions present in
the codes issued after the 1859 and 1883 earthquakes.

The cases of Norcia and Ischia are outstanding ex-

amples of accurate analysis of observed buildings per-
formance during seismic events, then used as the basis
for detailed recommendations for new constructions and
for an accurate selection of repair measures for existing
buildings. It is worth noting that Norcia and Ischia were
both recently hit by earthquakes, respectively in 2016 (M,
6.5) [Sorrentino et al., 2018] and 2017 (M,, 4.0) [Briseghel-
la et al., 2018]. The provisions in the two standards, when
implemented, helped reduce seismic damage (Figure 2).
In particular, in the case of Norcia, the design requirements
introduced by the 1860 building code were observed in
many buildings that withstood the seismic sequence, re-
sulting in light damage [Mazzoni et al., 2018], despite the
severity of the shaking [Mollaioli et al., 2018]. Sisti et al.,
[2018] have explained the good performance of Norcia
with the measures taken after the 1979 Valnerina earth-
quake according to technical guidelines issued thereafter
[Regione Umbria, 1981]. However, the same guidelines
were used in Sellano, which offered a less satisfactory per-
formance after the 1997-1998 Umbria-Marche earthquake
[Borri and De Maria, 2004]. Indeed, the original features
of the buildings in Sellano and Norcia were different, with
the latter being of higher quality thanks to the 1860 code.

FIGURE 2. Example of damage occurring in: a) Norcia, after the 2016 earthquake (Snapshots from videos released by the Firefighters

Corps, www.vigilfuoco.tv) and b) Ischia, after the 2017 earthquake (photo courtesy of Antonio Formisano).
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2. SEISMIC EVENTS PRECEEDING AND FOLLOWING
THE NORCIA AND ISCHIA BUILDING CODES

The earthquake that struck Norcia and surrounding
areas on August 22", 1859 (M,, 5.7) [Rovida et al., 2016]
caused extreme damage and casualties. On an estimat-
ed population of 4000-5000 people, 101 died and two en-
tire neighbourhoods were heavily hit, with great losses
in terms of church and public heritage. No study about
site effects in Norcia in 1859 is available, but a detailed
description of damage distribution is reported by [Boschi
et al., 1998] after a systematic analysis of archive data.
The impact on churches and palatial buildings was dra-
matic. Moreover, 29% of ordinary buildings complete-
ly collapsed, 60% partially collapsed, and 11% were
severely damaged. Co-seismic ground cracks and land-
slides occurred; water wells temporarily run dry. The
severity of the earthquake effects was compounded by
the characteristics of the constructions. In the aftermath
of the seismic shock, a specific “Safety Committee” was
established [Secchi, 1860], which included, among oth-
ers, the pontifical architect Luigi Poletti, previously re-
sponsible for post-earthquake restorations [Sorrentino et
al., 2008], and the scientist Angelo Secchi, a prominent
name in seismology in those years.

On the basis of the observations made by the Com-
mittee, it was noticed that the most affected buildings
had at least three storeys, thin unreinforced masonry walls
made with undressed river pebbles, heavy and irregular
vaults often poorly interlocked with the piers and with-
out tie rods, and pavilion roofs without trusses. The first
earthquake of comparable intensity, after the one in 1859,
occurred on September 19t, 1979 (M,, 5.8) [Rovida et
al., 2016], damaging several buildings of the city:
many sections of the city walls, a tower, six churches and
five palatial buildings were extensively damaged. The
number of damaged buildings was estimated at 773 (5%
involving partial collapse, 32% severe damage, 25% mod-
erate damage, 38% slight damage) and 44 buildings were
judged to require demolition [Boschi et al., 1998]. It is
worth noting that the areas of the city most damaged by
the 1979 earthquake were not the same as in the 1859
shock [Reale, 2001; Scheibel, 2001; Vignoli, 2001]. The
greatest concentration of damage took place along a
street, Corso Sertorio, which was created by gutting of
part of the historic urban fabric, without adequate con-
nection between the new facades and the existing or-
thogonal walls: clearly a detrimental practice which, as
shown below, was in violation of the building code. Con-

versely, when strengthening interventions and recon-
structions were made following the code, the damage that
occurred was much smaller [Reale, 2001; Scheibel,
2001; Vignoli, 2001].

The municipality of Casamicciola on the island of Is-
chia was hit by a severe earthquake on July 28%, 1883
(M,, 4.3) [Rovida et al., 2016], whose seismological as-
pects are addressed in several research studies [Baldac-
ci, 1883; Castenetto et al., 1999, 1998]. The earthquake
caused 1784 victims in Casamicciola (41.5% of the pop-
ulation) out of about 2300 fatalities [Castenetto et al.,
1998; Polverino, 1998], including 650 tourists. The high
number of fatalities, both in absolute and relative
terms, helps explain the reason for the great notoriety
of this earthquake [Caiafa, 2012]. This high human toll
was the result of significant damage to the building stock,
already weakened by the event of March 4, 1881 [Cas-
tenetto et al., 1998]: in Casamicciola alone, out of 672
buildings, 537 collapsed and 134 were damaged. Despite
the moderate magnitude (in a range between 4.3 and 5.2),
the 1883 earthquake determined such substantial dam-
age, and a maximum macroseismic intensity as large as
XI Mercalli-Cancani-Sieberg scale due to the shallow
depth of its source. Local amplification of damage was
detected on soft soils, and stiff or soft soils influenced
the attenuation of intensities [Carlino et al., 2010]. Sim-
ilarly to Norcia, a special Committee was instituted for
the inspection of the damaged areas and the subsequent
proposal of an “earthquake-resistant building standard”,
drafted by engineers Felice Giordano, from the Royal Corp
of Mining Engineers, and Paolo Comotto, from the Corp
of Civil Engineers. A careful examination of the topog-
raphy and geology of the island, of the construction de-
tails and of the damage distribution was the basis for the
outline of the building regulations [Giordano and Co-
motto, 1883a], later officially released with minor mod-
ifications [RD, 1884].

The impact of the two building codes during the fol-
lowing decades is demonstrated by their dissemination
among scholars and their use as guidelines for other stan-
dards. The 1860 Norcia building code was issued by the
Holy See just before Italian unification, therefore limit-
ing its circulation. Nonetheless, it was studied in depth
after the Casamicciola earthquake, which was the first
important earthquake following Italian unification,
with Giordano and Comotto, reproducing the whole 1860
code in an annex to their 1883 report. For the same rea-
son, being the first Italian standard for earthquake-re-
sistant constructions, the 1884 Ischia building code be-
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came a reference point for the following events. In fact,
it was analysed by Uzielli [1887], investigating the 1887
Liguria earthquake. Moreover, it was studied in depth af-
ter the 1894 Calabria and Sicily earthquake by Camer-
ana [1907], who praised the adoption of the half-timbered
technique and discussed at length the permission to use
unreinforced masonry, considered acceptable in Ischia
where tuff was easily reduced to regular blocks and poz-
zuolan was easily available. Both the 1860 and 1884
building codes were closely examined by the commit-
tee [Maganzini, 1909] which prepared the building code
after the 1908 Messina and Southern Calabria earthquake.
The main recommendations about wall geometry and
structural details of the Norcia standards were explicit-
ly reported. Even more detailed was the analysis made
of the Ischia code, discussing both the interpretation of
observed damage, the suggestions about unreinforced ma-
sonry constructions and the provisions concerning
half-timbered constructions. Again, both codes were
briefly mentioned in the thousand-page-long treatise writ-
ten by Masciari-Genoese [1915], but mainly with refer-
ence to half-timbered constructions, although the Ischia
code was also mentioned with regard to balconies. The
translation of the [1884] Giordano and Comotto report
in French testifies the international impact of the event.
Freeman [1932] was also aware of both codes through
the report edited by Maganzini [1909], and contributed
to their dissemination in the Anglosphere.

3. THE 1860 NORCIA BUILDING CODE

The building code was issued on April 24t 1860
[Archivio Storico Comunale di Norcia, 1859; Boschi et
al., 1998] following the aforementioned scientific re-
connaissance. The first draft was revised several times
and subjected to numerous city council debates. The most
disputed topics were the criteria of funds allocation and
the period needed for the application of the transition-
al tax regime, as well as technical aspects such as build-
ing height, building materials, and construction system
(e.g. vaults). The final version was in three parts, totalling
thirty-three articles, and including an additional stan-
dard on ornamental design.

Since the committee detected minor damage in
buildings on bedrock and, conversely, a concentration
of collapses on slopes, it was forbidden to build on sur-
face cohesionless soil, unless an underlying compact lay-
er was reached (Article 18). It was further prescribed that
foundation excavations needed to have a rectangular

cross-section, instead of the poor tapered section com-
mon at that time (Article 20).

Geometrical indications were given in Article 19, with
foundation depth and wall thickness to be determined by
a municipal committee on a case-by-case basis. Nonethe-
less, in unreinforced masonry, the thickness had to be no
less than 600 mm and the external walls had to have a
tapered section with an additional thickness at the foot
which was to be at least one twentieth of the height (Fig-
ure 3 and Figure 4a). Hence, Norcia’s building code en-
dorsed the use of buttresses and tapered section walls sug-
gested in previous technical literature [Milizia 1785, tome
3, book 3, chapter 2, pp. 156-157] and post-earthquake
appraisals [Archivio di Stato di Catania, 1825].
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FIGURE 3. Exemplification of the Norcia building code provi—
sions: a) plan with external walls having a tapered
thickness; b) section of a two-storey building. All
measures in m.
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FIGURE 4. a) Example of a two-storey building constructed after the 1860 building code with basement and external walls with

tapered thickness; b) Example of the extensive use of metal tie-rods in Norcia.

The post-earthquake survey also led to the drafting
of Article 16, which restricted new buildings to two
storeys, i.e. a ground floor and an upper one (Figure 3b),
although a basement was possible. This limitation was
clearly enforced, because in the historical centre of Nor-
cia buildings with one or two storeys currently account
for more than 80% of all buildings, whereas this per-
centage is less than 60% in Amatrice [Sorrentino et al.,
2018]. Article 17, similarly to current regulations, dif-
ferentiates the provisions for new and existing build-
ings, allowing a third floor for the latter, if only light-
ly damaged.

According to Article 16, eaves height should not ex-
ceed 8.5 m. Articles 16 and 19 set a maximum
height/thickness ratio slightly higher than 14 and con-
sequently, in a simplified overturning verification ne-
glecting all connections, a horizontal collapse load mul-
tiplier of about 0.07. This value is then raised to 0.16 by
the introduction of the additional tapered section. Prob-
ably to reduce the height/thickness ratio of tympanum
walls, roof slope should be kept to a minimum. This pro-
vision was supposed to contain the sliding of the roof
cover during seismic shaking [Ceradini and Pugliano,
1987; Mauri-Mori, 1909].

Adequate interlocking between facades and orthog-
onal walls was recommended in Article 19 while, rec-
ognizing the role of openings in this regard, Article 22
stated that doors and windows should be located at a con-
venient distance from building corners and from inter-
sections between walls. They should be vertically
aligned and have carefully executed jambs.

Damage observations guided the provisions, as spec-
ified in Articles 26 and 27, concerning the construction

of unreinforced masonry. The former regarded the
quality of the units: a natural-stone unit had to be dressed,
laid according to its grain, resistant and not excessive-
ly small; rounded pebbles were prohibited for above-
ground walls and allowed in the foundations only. Vaults
had to be made with fired-clay bricks or squared natu-
ral-stone units. Article 27 focused on the mortar, whose
lime had to be produced from stones without impurities,
grinded and not left drying in the air, but regularly damp-
ened with water and kept in a putty-like condition. Soil
and large gravel needed to be removed from the sand.
The recommendations on mortar are of the greatest sig-
nificance [Liberatore et al., 2016], given the dramatic oc-
currence of masonry disintegration observed in and
around Amatrice, the most affected municipality of the
2016-2017 sequence, where lime was seldom present in
the mortar [Roselli et al., 2018], and considering the much
better performance of Norcia [Sorrentino et al., 2018].
As for horizontal structures, Article 21 allowed vaults
only in the basement of new buildings, and in the ground
floor of existing ones, provided that tie rods were present.
Thus, it was clear that the vaults increased building seis-
mic vulnerability due to their horizontal thrust and high-
er mass compared to timber floors, especially if located
at higher storeys [Sorrentino and Tocci, 2008]. The as-
sumption that vaults were earthquake resistant was already
rebutted by the 1784 Borbone regulations, which allowed
their construction only in the basement, differing from the
1755 Pombalino system where vaults were permitted above
ground [Ruggieri, 2017]. Barrel, segmental sphere or cov-
et vaults with panels were mentioned. Solid masonry was
mandatory above the vault up to one third of the rise and
unnecessary overburden had to be avoided.
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The minimum thickness at the crown of the vaults
was 250 mm or an eighteenth of the diameter. This rec-
ommendation is very interesting because it is known that
a semi-circular barrel vault, made of a material with zero
tensile and infinite compressive and frictional strengths,
loaded by its own weight, needs a minimum thickness
of about one twentieth of the diameter [Heyman,
1969). The occurrence of vertical and horizontal live loads
justifies the larger thickness recommended in the
building code. On the other hand, modelling the seis-
mic action as static and horizontal, the code thick-
ness/diameter ratio involves a collapse multiplier of 0.04
if the vault has an angular span of 180°, which rises to
0.24 if this angle is reduced to 157.5° [Oppenheim, 1992].

Article 23 was devoted to roofs, which had to be sup-
ported by horizontal battens resting on the whole thick-
ness of the wall, or resting on a spreader beam. All gird-
ers had to be connected to supporting walls by means
of iron anchors, and there was a similar provision for
horizontal floors in Article 24. Similar indications can
be dated back to at least the 15! century b.C. (Ecclesi-
asticus 22,16) or, closer in time, were suggested in the
aftermath of the 1783 Messina earthquake [Biblioteca
Regionale di Messina, 1784], or in the Milizia treatise
[Milizia 1785, tome 3, book 3, chapter 9, p. 190]. There-
in, it was additionally recommended that all floors be
at the same level, as suggested also by Camillo Mori-
gia after the 1786 Rimini earthquake in, northern Italy
[Archivio di Stato di Forli, 1787). Drawings of metal wall-
floor connections can be found in the handbooks by Val-
adier [1832] (Figure 5) and by Colonnetti [1953].

Nonetheless, this provision was only partially enforced
in the facades of Corso Sertorio. Surprisingly, the code
did not mention metal tie rods, extensively used in Nor-
cia (Figure 4b) and elsewhere [AlShawa et al., 2018].
Half-timbered constructions were used effectively af-
ter historical earthquakes [Tobriner 1983; Dipasquale et
al. 2015; Tiberti et al. 2019]. Articles 16 and 19 of the
1860 code mention them, but no additional detail is giv-
en, and recent studies have not documented their im-
plementation in Norcia [Sisti et al., 2018].

4. THE 1884 ISCHIA BUILDING CODE

The Ischia building code [RD, 1884] was based on a
scientific report by Giordano and Comotto, which was ini-
tially published as a journal paper [Giordano and Comotto,
1883a], and the same year as a stand-alone book [Gior-
dano and Comotto, 1883b]. An overview of the latter is
given below, together with page references. The appendix
of the report contained proposals for two separate stan-
dards, one for public buildings and one for private con-
structions, but the approved code did not differentiate be-
tween these two typologies. Their suggestions are of great
interest and demonstrate the existence of broader knowl-
edge than that contained in legislation alone.

First of all, the two engineers recognize that the most
severe damage was observed in constructions on slopes,
as already reported after the 1851 Vulture earthquake
[Palmieri and Scacchi, 1852]. Consequently, in their pro-
posal, Giordano and Comotto recommended that new

FIGURE 5. Drawings of metal wall-floor connections (Valadier [1832], tome IV, plate CCLXXVI).
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FIGURE 6. Exemplification of a two-storey house on stiff soil according to Giordano and Comotto’s proposal for the Ischia build-

ing code: a) ground-floor; b) first—floor. All measures in m. Approved code allowed only one storey.

buildings be laid preferably on flat sites, or at least on
gentle slopes, avoiding hills, ravines, and landslide-prone
areas. Additionally, they observed that buildings resting
on volcanic lava were less damaged (ps. 13, 28 and 35).
However, such soils were not suitable for agriculture and,
consequently, the dwellings were located preferentially
in more fertile sites, which unfortunately were softer and
induced greater damage (p. 14). Therefore, they recom-
mended the removal of surface cohesionless soil as a min-
imum requirement, to reach a solid layer and build there-
on the foundations. If possible, volcanic lavas or well-
cemented tuffs were to be preferred to fractured tuff, clay
and other soft soils (p. 67). Based on site-effect obser-
vations, they set zones of different hazard. Among the
most dangerous, they included coastal areas up to 10 m
above sea level, because they were prone to tsunamis.
It is worth noting that they recommended that code pre-
scriptions be graduated according to seismic hazard, a

suggestion that would enter Italian legislation more than
four decades later [RDL, 1927].

Furthermore, it was suggested that a single-storey
(two-storey) building should rest on a 0.7 (1.2) m thick
foundation mat. A basement up to 1.5 m above ground
was allowed, but if absent, the foundation mat should
exceed the perimeter of the building by 1.0 to 1.5 m, ac-
cording to the specific site conditions (Figure 6a).

In addition to the severity of shaking and site influ-
ence, building vulnerability was properly recognized, es-
pecially in the excessive number of storeys. The two en-
gineers, consequently, recommended restrictions, loos-
er for timber and steel structures and stricter for masonry
(p. 47). Only one floor of limited height was suggested
for masonry buildings located in the high-hazard zone.
According to the proposal, a second floor was permit-
ted on lava or well-cemented tuff soils (ps. 69 and 77,
Figure 6b and Figure 7a), but the approved code allowed
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FIGURE 7. a) Exemplification of the elevation of the two-storey house on stiff soil according to Giordano and Comotto’s proposal

for the Ischia building code (approved code allowed only one storey); b) Cross section of the one-storey building allowed

by the Ischia building code. All measures in m.
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only one (Figure 7b). As in Norcia, in the case of exist-
ing buildings, Giordano and Comotto permitted the preser-
vation of a lightly damaged third floor (p. 79).

It is interesting to emphasize the attention Giordano
and Comotto paid to limiting building size, in order to
reduce exposure. Consequently, for churches, two medi-
um buildings were recommended instead of a large one.
In the latter case, a basilica cross-section was suggest-
ed, with laterals naves being much lower than the cen-
tral one (p. 72), in order to counteract a lateral mecha-
nism of the central nave [Marotta et al., 2017a, 2015].
Similarly, the accesses and internal distribution of ho-
tels, baths, theatres, and public buildings in general had
to be studied to facilitate evacuation in the event of an
alarm being raised.

In addition, Giordano and Comotto recommended a
square, or approximately square, plan layout for any
building of more than one storey (p. 68). The recom-
mendation was accepted and included in Article 6 of the
code. They seem to be influenced by the widespread opin-
ion of that time [Masciari-Genoese, 1915; Sguario, 1756]
that seismic shaking had a prevailing direction, according
to which it was advisable to orientate the building di-
agonal, possibly to reduce out-of-plane actions on facades
[Abrams et al., 2017; Sorrentino et al., 2017].

As for geometric prescriptions, the two engineers stat-
ed that, in buildings with just a ground floor, the inter-
nal height cannot exceed 4.0 m and the perimeter wall
thickness, if units were made with the tuff present on the
island, would have to be at least 700 mm. In the fore-
going suggestion, incorporated in Article 6 of the code,
Giordano and Comotto stated that the thickness had to
be a third or a half greater than for buildings not exposed
to earthquakes. Increasing the height/thickness ratio 4.0
|/ 0.70 between 33% and 50%, a geometric slenderness
of about 8 is obtained. This figure is already prudent ac-
cording to Rondelet [1832], who wrote that an isolated
wall will have good stability if its thickness is one eighth
of its height; medium stability if its thickness is a tenth
of its height, and low stability if the height/thickness ra-
tio is twelve to one. Interestingly, the two engineers sug-
gested that the thickness of clay brick could be reduced
(p. 70). In this regard, Breymann [1885] noted that if the
thickness of a brickwork wall is 8, the same wall made
with sedimentary stones requires a thickness of 10.

In the case of two-storey buildings the thickness at
the ground floor was increased to 800 mm, and reduced
to 650 mm at the first floor (p. 78). Therefore, a differ-
ent strategy from the one used in Norcia was deliberately

adopted, in order to avoid rain penetration, typical of ta-
pered section walls.

All buildings must have properly interlocked walls and
connections to the roof by means of external and internal
anchors (p. 76), as observed also in other seismic-prone
countries such as Nepal [Brando et al., 2017]. Similarly
to Norcia, openings had to be vertically aligned but the
distance from corners was here specified as greater than
1.5 m. Above the opening, a lintel or an arch with a
span/rise ratio of less than 3 had to be present. Any over-
hanging or cantilever element, including embossed or-
naments (p. 73), was prohibited, with the exception of
iron or timber balconies protruding less than 600 mm and
firmly connected to the wall (ps. 70-71, 77).

Regarding masonry, in the aftermath of the earthquake,
the two engineers noticed that walls were built mostly
with local tuff, frequently using irregular-shape units. The
lack of bond stones repeatedly produced wall delami-
nation (p. 40). The depletion of clay quarries made the
production of bricks rather expensive. Additionally, due
to the total absence of limestone in the island, mud mor-
tars were prevalent. Despite the poor performances ob-
served, Giordano and Comotto accepted the use of ma-
sonry because compatible with local practice and avail-
able materials. Nonetheless, they recommended brickwork,
but allowed the use of local tuff units as long as they were
dressed (p. 45). Units needed to be long enough to guar-
antee interlocking across sections, in order to avoid a loose
nucleus, at wall intersections and at opening jambs. The
mortar had to be made of lime and pure sand, or sand
with pozzolan, excluding any mixture of earth (p. 77).
The use of cement pressed within formworks, pisé, and
of adobe was not encouraged, because either not local,
and thus expensive, or not durable.

With respect to vaults, the two engineers observed they
performed poorly, especially when located at upper floors,
having a limited rise and suffering from the movement
of the lateral supporting walls (p. 29). Masonry consist-
ed of irregular units, inadequate transversal interlock-
ing and poor mortar. Use of tie-rods to counteract thrust
was not common (p. 40), and in those buildings where
they were installed after the 1881 earthquake, they did
not improve response, probably because their wall an-
chors were too small (p. 41), or their spacing was too wide,
as observed in Marotta et al. [2018] in New Zealand
churches. The two engineers considered tie-rods effec-
tive only in relation to the horizontal but not the verti-
cal component. Moreover, they recommended tie-rods
only for damaged buildings, but not as a general solu-
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tion (p. 53). In fact, in light of the inspections performed
after the 2017 seismic event, the use of tie-rods was found
not to be widespread on the island. In this regard, Gior-
dano and Comotto seemed to be influenced by Milizia’s
[1785, tome 3, book 1, chapter 8, p. 88] opinion, that well-
constructed buildings do not need these type of con-
nections, which are just remedies for old and collapsing
constructions. As in Norcia, vaults already present on the
ground floor of existing buildings might be preserved,
if only lightly damaged, reinforced by tie-rods and af-
ter removal of the backfill (p. 79). Otherwise, their pro-
posal allowed basement vaults, provided they were made
with good quality masonry, had span/rise ratio smaller
than 3, and thickness at crown greater than 250 mm (Fig-
ure 7b, p. 70).

With regard to floor structures, Giordano and Comotto
observed poor performance when the beams were not sup-
ported on the whole wall thickness. Therefore, they rec-
ommended that the joists should rest on the whole wall
section and be complemented by two or more orthogo-
nal girders. As in Norcia, a proper metal connection be-
tween walls and floors at all storeys was advised (p. 79).

At roof level, they forbade structures made of inclined
rafters resting on pillars or walls, suggesting, on the con-
trary, a complete roof truss with a horizontal tie beam
extended up to the external face of the wall and placed
on a longitudinal spreader beam (Figure 8a). Each struc-
tural element needed to be properly connected to the one
adjacent, in order to form a system resistant to shocks
in all directions (p. 73). Timber boards needed to be nailed
on the roof joists (p.78), as recommended also in Arti-
cle 6 of the code.

Interesting observations were made on non-structural
elements. Roof tiles not fixed to supporting structures un-
derwent dislocation, and therefore their use was toler-
ated (especially in single-storey buildings, ps. 71 and 78)
as long as the tiles were light and fixed to the support-
ing floorboards, as found also in handbooks (Figure 8b).
Nonetheless, lighter roof covers, such as metal sheets, were
endorsed.

Roof vulnerability derived also from the habit of hav-
ing terraces with a 300-mm-thick layer of volcanic lapil-
li (p. 39). Therefore, chestnut-timber terraces were allowed,
but without such heavy overburden (p. 70). In the case
of existing terraces, clearly undersized structures had to
be demolished and rebuilt according to the code, while
adequate structures could be preserved provided that the
lapilli layer was removed (p. 79).

Finally, Giordano and Comotto shared the belief that

a)

L >0.65 —

Linguette peril
Flssaggio delle Fegoke

a1 bravelly medhante fiib ol ferre b)

FIGURE 8. Exemplification of a two—storey house on stiff soil
according to Giordano and Comotto’s proposal for
the Ischia building code: a) section (approved code
allowed only one storey); b) connection of the roof
cover to the timber structure, namely “Holed lugs for
the connection of the tiles to the battens by means
of iron wire” [Colonnetti, 1953].

half-timbered or iron-reinforced constructions were
safer than unreinforced masonry buildings, as recom-
mended by other practitioners of that time [Petra di Cac-
curi and Mensingher, 1883]. Therefore, they gave ample
space (ps. 48-52, 56-58, 70-72) to the presentation of the
“casa baraccata” system. The system was mentioned in
articles 1 and 6 of the code and, contrary to Norcia, was
implemented in several instances [Caiafa, 2012; Polveri-
no, 1998].

5. CONCLUSIONS

This paper examines two early regulations for earth-
quake-resistant constructions, both issued after a care-
ful scientific damage survey. The building codes issued
after the 1859 Norcia and 1883 Ischia earthquakes can
be considered ahead of their time and many aspects are
still relevant today. Beyond the isolated detail sugges-
tions, of great importance is the philosophy of the two
standards, especially calibrating requirements according
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to building condition (new or existing) and hazard zone
(in the case of Ischia). A qualitative understanding of the
role of site response was already present, identifying the
benefits of being on stiff soil and on level ground. The
codes provide quantitative geometrical limitations, such
as the maximum number of storeys and their maximum
height, the minimum thickness for both walls and vaults,
the minimum distance of openings from corners and wall
intersections. Moreover, they provide comprehensive de-
tailed indications about masonry construction, connec-
tions between vertical and horizontal structures, ro-
bustness of structural and non-structural elements be-
longing to floors and roofs.

These standards represent an extraordinary relevant
codification of the correct way to build in seismic-prone
areas, contributing to the historical development of earth-
quake engineering. This local construction culture deserves
to be recognized and preserved, as far as suggested so-
lutions proved adequate. Finally, at least in the case of
Norcia, they can help explain the good performance ob-
served in a recent seismic sequence, especially if com-
pared to that of other affected historic centres.
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