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Lucia Serafini, architeet, researcher, University of Chicti-Peseara (italy)
Clara Verazzo, arehitecl, pest-doctoral Gtlow, Universiy of Chieti-Pescara (Ttaly)

Abstract

The t-aditional building construction in Abruzzo is srangly sharacterized by the presence of
earthquake resistant sysiems because of the many curth trerors haopened through the
centurics. Bemween the 15" and the 20" Century the region was chatactenized by very sirong
carthquakes which modificc the bistoical and figurative features of the building and
cubmitted it t 2 fechaical and empirical analysis, studying through the seismicity of the areas
the possibility of resources ot the possibility building yard.

Today the reality is very different, not tecause of the lack ol technical and buiding
cxannnaton that preducsd it, bat because of the misteken of renovation culture, diffzrent
from the past where the work was very carcful, salvaging whatever possible, replacing the
irreparab.e damages, reinforcing the weak parts, but without changng the substance of tha
fubre.

Sommario

Ledilizia tradizonale sbrazzese & fortemente camatterizvata dalla preseoza di dispesitivi
antisismici che ne hanno accompegnato la lunga durata, e la cui realizzazion: & slali
condizionata dagli eventi tellurici che nel corso der secoli Phamio vielenterente segnala. La
regiene ¢ staa investita ma il XV e il XX sceolo da grandi terremoti, che hanno infait
ppeiunto al normale precesso di trsfomazione degli =difici fattori concorrenti in maniera
determinante alla loro realth <orica e figurativa, sottoponendola ad un codice tecnico,
empirico ¢ poce controllabile, seguito, con gl accorgimenti lezath alla sismicita delle varie
sone, ulle disponibilita di risorse, alle possibilitd del canticre.

(e nmane ber poco di lale realti, non tanto per la carent: perizic tecnice € costruttiva che
I'ha prodota, guanto per ura culiura del rinnevamento quasi sempre maliniesa,
madicalmente diversa tispeno @ quella del passato, che procedeva in maniera puntuale.
riparands il ripasabie. sostifttendo |'irrecuperabile, nnforzando le parti neffcienti, senza mal
camare, di fatlo, 1a sostanza della fabbrica,

Tistorical construction in Abruzzo is ar, not only geozraphicelly, from the main
consolidation issue’ that have been characterizing it since 17" Century. Even the terrible
sonsequences of the cathquakes of L7 Aguila in 1702 and Sulmona in 17046, and imnovations
after the carthquakes in Lishon in 1755 and Calabria in 1783, influcnced just a few the local
building arl. which kept on usicg malerials and techrigues available at the momeat.
improving therr only when required, depending on the circurstances and nocessity. Thure
fen’l clean 1eferences in Abruzzo about “eage house” developed duning the reconsruction of
Lisbon, and about “casa baraccata” by Giovanai Vivenzio, doctor in Kingdom of Naples. in

| Tl Feference th 1 constructive art to be carriad vut with “heisdress and ablity™ appears m all the batlding yard
doineds sinee the 18" Century, setting up an smwrirten Lo that guamnies all the building safety. Very
important the dovurnents for “lrentinn”™ arca by Mawclanl 1959 [1]. S cven ZORDAN, CenToEANT, DE
EmARDiE, DG asng, BELLITS 2000, PP G572 [2], Alacui, CEaDINI, SALVATOR 1992, pp B0-1915]
CERADIN, SALVATRRL SCABSELLA, 1994, op, 232-247 |4 O the impertanes of the respect of the “construciion
art” carthquake proof aims: Grovert 1992, pp. 40-68[5].
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his bock Sworia e Teoria dei Tervemoti, published in Naples in 1783, Even carth houses with
l"-.iﬁﬂl'-‘i-, thal we ecould see m some JaarT of Fusino arca UL WAL it ;1]1]1—|_'a|m] like oo
constructions (farms} and not ke canthguake resistant construction, Only in the beginning of
19" Century the region paid attention to the materials and techniques of the building,
develupiug it e vay few documents. At the begirning of 19° Century the architect Micola
Maria Pietrocola of Vasto, whe waz the ony author of a little treatise en building practice in
Abruzzi, and who was deceme for a lot of steengthening works on monumental farmis, carricd
out new technological innovations which developed and improved the local building an,
without introducing new theories”.

The change of the “long time” consructive tradition of Abruzzi happened after tae carthguake
in Marsica in 19157 and Maiella in 1933, accompanied by landslides which brought the
transfer of eatire villages modifying wild land arcis *. Troubles caused by carthquakes were
pomnted out by zeographer Maro Ortolani. In his book La cave rurale iz Abruzzo in 1961 he
shows how recognizing the areas devastated by earthquakes: previous four-Tve floors houses
decreascd and toog their place lower ones. This house “decapilation™ was planned by
coriman sense and by aws, increasing the number of houszs and tae willages ebu It as new
disiricts. making out a more different and atnormal landscape than neighbouring regions.

In the first decade of Mneteenth century the demages causad to the Abruzzo patrimony was
followed by a development and experimentation of wew waicrials, Gist of all reinfreod
concrete, The fight of the rezion against this matenal failed, attending the renewal in sction
but even this time withoul great news. The new earthquake resistant sroduct. for the most
dusiroyed villages as Pescina, Avezzano and Gioid dei Marsi aller 1915, consisted n one
floor reinforced hozes, Rx4 meters, and they were considered more as makeshift shelter than
houses built according 1o the local rustie culture, destined to be quickly replaced or convertid
into biccks of walder volume, often with tan floors’. The law no 573 o 294,15 which set (he
coctficients to be used in caleulation of buildng stability dependng an the new matcrials
baszd ¢n ron and cement as well as the new intezrations until 1938, and the law n. 1165
which passed the consolidaled act. were never respeeted. not only for the cost of materials and
supply, Thuie & ne cunecton bevween the lack of height ir reconstrucied buildings and law.
The law n. 573 of 1915 provided that the height of the frildings in seinforeed conerete had ta
be no more than 10 meters and buildings in brickwork had to be ne more than seven maters,
with no more than 2 floors, the width of the road had ar average of 10 meters, while the law
n G029 of 1924, changad the limits, inereasing untl twelve meters for private buildings and
sixteen for the public ones, the consolidatec act ol 1938 changed again the eight limil, even
if just a little, distingu shing from time to time by ther category (first or second) and the
malerial used: stones for foundations, listed masonry for outside wall, bricks fu e LiL i,
wooden lintels ‘or rames and mofy’, The oaly parts where modern materials were vsed wers

* See METROONA 1BE9 [B],

T LCASTARMITTD, GALADGRE P [T The fous of the canhquake was i Marica crea But the geographical ars
interested by che earthguake was wilder, considering thar its intensity rached the X1 degree of Mealli seale,
lower only than the earthquake in Reggio Calabria ane Messina in 1908, More than 30000 people cied, The centres
devasrated by the irthagnake weers almost 130, mn s ares thet ine udoe Lazo, Umbria, Mirche snd hMolise:

" RinotE 2008 [8]. The nane “Bartheuake in Maella™ had already baen given ac the carboguake on Novembar Sth,
170G whichy Trad e s o vlaiclla o vkl

" The toyal measure on May 18 933 incladed Borricllo, provimee of Chetd, mto the Tia of villagss thae had 1o be
partialiy franslemmed at State expense according o law Lily " 160K, 0, 445, Amoens the reasons thers is the
“Comtinuons Barthquake™ in the ares, with over fifty hooses alnesdy collapsed, and owice over unsafe, being
“seronsly damaged and deformed by hurops and overhomgs which strongly compronmsed the stabibny™, ASCh
(Archivie di Sqato a1 Chuett), Frosdo prefetiyra, b 86,

" CIFRIAN 1999, pp. 331-347 [91 See aven GIOVasnoy 1917, . 3-13 [I0],

D Aanexample ol st o new tushmiguees s e 3 Wicols OF Bari church in Lemepalena, simongly devasialed by
aurtbouake in 1933 The report by Cieil Engineses (ASCh, Genio civile tervemets 26090033, edifici di cofre) i
fact, declired hat there was 1 detiching of the fagade of the wall from supported wall snd o sericus emeks to the
bell towe: of chout eigh: melers. Amoog the remedies, in addition e the “hlinder’ of the comsration by o sils
of reinfmeed concrete around all the pedneeter, there was the partial reconstrectisn of the bell owes “with the
gamy material and the eame srojest”, the replacemen: of clements of the destroyed rools and the construction of
four spurs 1o rzinfocce the fongitadinals walls of the sisie, plaved on the wp of double-T iror beams, coupled and
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just the eoncret: for stangeourses and plasterzd wire netting [or ceilings, confimming the
perssterce of the tradition that continuzd until the recongtruction of the secord world war,
when there was a definitive breas with the past’.

The most of the Abruzze medicval villages were born unde- a closed box design, planned as
carthquake resistan: place. Mario Ortolani estaslished a correspondence between  the
morphologic features of the settements and design features used to control the vertcally and
aonzondally strength of the walls; the structure of the Euilding works as [uctor ol resisance,
more or less with etficiency. depending on the jome i the wall’. Ir special way in mountain
villages of Abruzzo. mechanical and earthguake-proof behaviors of the buildings depend on
he huilding typology, made in rows with partition walls: this circumstance depends on the
difficult of topographiv conditons, which it could be compared to a fabriz with urbmm
“helavior” and systzms. Among these svstzms the most basic and cffective is certainly the
serimeter, almost aways scarp wall, that surrounds villages with “bouncary” heuses also
cnown as “living well”, and it v hyguake wsistance and defense brought these features even
i accas with low seismicity and without reasons to defend el (Fig. 1) Many historical
onstructions in Abruzzo still have the facade in “scarp profile™. although sometimes
impercentible, according to habiis that sxpiaimns the theorics of the Nincteenth century (Fig.
2). Their diffusion — as earthquake resistinl syslem or construction system — is the most
chamcteristic eleament of the historical patrimony. and 't also spreads its decorative werk. n
local buildirg tradition surv-ved the habit to give structural valuz at decoration until the arrive
of wew lechnolugical systers and materials, The unacsthetic use of frames that obstruct the
height of the scarp walls was cons'dered intrirsic to the structure, closing as a cage all the
construction, everything in a staacally efficient system.

Al lzast untl the Nineteenth century, when the consolidation became ol privrily inpotance,
the earthquake resistant constriction hecame a category united to building construction;
suggested by common sense and traditional habits, erecting well stuctured wal's. In Abruzzo
and anywhere we cannot malk abeut earthquake resistant sirateges betore improving our
knowledge on the soil and the horizontel forces of the buildings. Therelore it iz possible only
the distinction: between carthquake resistant constructive system and eatthquake resistant
remzdics. where the first one is conditioned by the choice of materials and techniques™.

Walls lower with arches al ground Qoor and woedea bean Nowr upstains, urleading arches on
the walle daors and window: “soprastrada™ arches among houses, apposing vaults to cppese
the horizontal thrust, cspecially at lower flaors; no pushing roofs built in “pseudo-truss”™, or
chains blocked outside by “capochiave” stakes, tocthed corners, “radiciamenti™ (the wood in
the wall) systems: they are necessary measares to srevent the collapse of the wall " slways
considered 'tke the weakest pomnt in the structures bul in many cases it is ‘mpartant to solve
important technical 1ssucs,

We know that the geometrical and matenial features of the wall influence the resistance, so we
must clioos: dimension and thickness for each part of the building, with the tendency for

placed in correspondenice to the tmansversal arches of the side sisles everything accomnpamed by filling the cracss,
plastering the walls and “rinceccianme of wals™. Matertal weed. in speesal way, fram te demalition al ek
aceording w0 the fmaditonal building vand. Sce Montenerodomo e ASCh, Fomda profesinere, b 278, Sene W, Y
versunento., affart comunall | 90197,

T EERArEN 2008 [11].

TORTOLANT 1961 [12]. Other typological studics are by CERADGNEG, SALVATOR, ALAGGIHY SCARSELLA YRS L3

M fpportant the beter that the Mivor of Boerelly sent o the prefieet of Chict on Hovember 1932 to dencunce the
dammages of the huildings by carthquakes end landshdes, despite the local construction tmdilion: only two-floors
houses “in order to lond the sround as less as possible’ netng. i the place of arches, “hewm foor ared tables o
semove any push agamst the unsteady walls”, putting cobbled paviag inall the streets and squares "t prevent eny
seegare of wagsr in the sol - ASCh, Fumdo prefotiure, Corpne Reale del Geate Chfe, po 3730

" o Molise, Tatest sarthguake showed that the dameges are propottionz] o the absence of messures: the zollapse
of facade 15 causey by the lack of toath in stomes, lack of chain in mofs, weizght reafi builtin remforeed conerete,
hoatrumerd g of heam Qoers and tebles, poor quality of mortars, loaded walls, chimney Mue placed inside the wall,
Sew VakaGreL 2006, pp, & =103 [14), SERAFING 2006, pp. 159183 [15]
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fillmg rather than ¢cmiprving: doors, windows, chimney flues or linking trapdoors may almest
always compromise the statie, especially not in column,

One ol the basic principles of the local art building 15 the excessive size of the masonry,
especially m o the foundanon, direct 1o prevemt static damage caused by carthjuales,
Constructions buill mn stenes and in brick have an average size of 2/3 palms (SO/T0
centimeters). 1us size changes along the wall, increasmg n the foundation and decreasing in
higher parts depencing on the less of wzight.

Foundation’s data are just a few and they can be caleulated just in particular case. Starting
from the end of 19", in absence of scientific criteria on the valuation of the soil's “hardness™.
these were the least “valculable™ parts, especially concerning the size, resolved by EXPErICTiCe,
common sense and available resources'® In a coniract in 1537 to build a hovee “with tower
on the top™ in Lanciano, was established that walls hac to e three “members” high, that 15 1o
say three meters and two palms and half wide; insead the tower had 10 be six floor high and
three E‘r‘i]ms wide from the foundation untl the third Aoor: thickness car be used with two
vaults',

Fig. 1. Caswelvecchio Calvisio { Ag), Fig. 2. Vaste (Ch), 5. Giaseppe church,
“hivimadany™ hotges, fagde built with “searp profile™,

"I s g 1o basow how during the creation of foundations LE. ALBERT 1966 | 16], exhort the huilder to dig
“until you'll find the solid ground and aood luck™, Even Gacoraccm FET [ 17], savs that foundations 15 the main
tactor for the instability of the building, remediable orly with ircreasing of sections,

13 AMNDL (Archivionotanle di Lanciamoe), Motary A Maceiocching | aneans, vol, T oo 73, Aet of 26 Apml 1537,
u Marciang 1989, vol, L pp, 94-95 [1]. Requiremenis of -obustness required in the dotument where apenses for
stemee, wondz and beisks *to build and o™ the structue. to be charged to customicr,
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We can often meet in documents the “hilling” of the foundations. inending T as reuse and
recycling operation of used materials — chizaper than the bhuilding of the wall- mside
“excavatiens™ throughout the perimeter of the building, dzep up to a considered solid level
where the thickness is from half palm to one palm more than the wall nself, In building yard
in Mclise, to boild foondations are used stones which heve more “humps", they are more
angular, but using “wide” stones to scar the all structure'”.

In the 19" Century there were moré precise requirements for the building of foundations, not
orly for new constructionz but for inlcrventions of consolidation wwo, o 1840 in Vasio, w
build the New Cemetery, the architeet Nicola Maria Pietrocola, required that the foundations
of the boundary walls wers composed by “broken and halved cobales™, cemented with lime
and sand, three palms hick (about 70 em) and seven palm high (1.85 ¢m) up to a palm undar
the “hase floor™. From this poiat will hegin the “clump™ a sort of siringeourse of the
foundation which connects the foundation itse!f to the wall, an half palm shorter, two palms
high, one above and one¢ beneath the country floor, built with  brokea ard halved cobbles,
cemented with lime and sand but zlosed by bricks: it 15 used to boild wall in clevation, ten
palms high and decreased half a palm by the clump. The correlation berween the thickness of
the structure and heights of the walls is the same of the chapel, where through is high (25
palms] we can establish, empirically, the parameters of the forndation 14 palms bigh and 4
thick,

S. Maria Maggiore church in Vasto is a building yard where the foundations were built 10
fight 11e colladse: in 1838 the project required that the bultresses used to reinforce the od
damaged choir had a “hase of iron stones™ — very hard sandstones — and another similar one
but covered with bricks, like really butiresses. in scarp style up to the cornice,

A tundamental key to contain efforts is the use of not smooth but inclined bricks, &5 the best
constructive tradition of spurs and buttresses, to follow the thinning ol the strmturs,
Therefore a scarp foundation, expressly designed te prevent the collapse. and with earthquake
resistant efficaciousness. well tied 1o the existent strueture by dentil protuding every three
palms and tied with mornar of plaster, considered much more “strong and lough” o dry
condition than mortar of lime and sand. for its capability to "inflate” he ping the setting up of
the structure'®,

A important facter in the strength of the wal, in addition to its size, is its equipment, and
which s dependeni 1o the used material in the different regional arcas. In “arcnaria™ arcas, the
wide Apennines arcas at the edge of Vomano river, among mountains and the sea, the
clements of the masonries have generally horogencous size with joints mainly horizontal
well united amrong cach otaer and with the aneles jron characierized by higger cements'
The problem of the historie building yvard was constituted. in this case by the lack of gond
birders, due to the scarcity of limestone and the total absence of voleanic soils from which
obaining ydraulic mortars,

The lack of gond hinders, in certain areas of Abruzzo, seems to have been decisive for the
survivil of the buildings. According to the Historian Gavini, the damage caused by
carthquakes in the areas of Marsica ef Fucino are hinked primary to poor mortars, being
unknown to the taditional bullding yard the quarry clay of Magliano dé Marsi and of
Taghiacozzo. v areas rich in elay and on the Adratic coast, on the contrary. the abundaree of

" FiLie 1906, pp, 9263 [15]. CF. alse Zutio 2002, pp. 175-179 [19],

" ASV {Archivio Storico di Vasta). cat. TV, b, 50, fame 138-129.

" ASCh, Fomde lnendenza, Affari Erviestastic, Chiese di Rewe patroraty [8L00866, b XL doc_of July 7°
[838, For the comtract of renovatrons and improvements of the swval charch S, Maria Magenre in Visto, A
typical good restructuring of foundations was made by Pierocola for the church of 5. Damenrea. near to the palace
Gerova Rulli. The new typology of the building is aeeniml nave separated from the side naves by taen eolumn.
usirg “divided founduions” in order 1o save materals and aveirl “damgenous” builfing for e parts of the
vonstroction withou! beanmg funetion.

" Sze ZoRDAN, BELLICOSO, DE BERARBING, T GHOVANNL MORGANTT 2002 [20]: MELASECES 2000, pp. T-10 [21].
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this weteral would have worked like a Byvourable circumstance for the prescrvaton of
b ldirgs hertage'.

One possible way 1o sclve the lack of good binders and to cosure the building of walls in the
hest way. 1s the accustoming , especially in the provinee of Teramo from the firs: centuries
after the Year One Thousand. to mix them with stones and bricks (Fig: 3), alternated with
intarstices of various thickness according to the size chanzing tire to time i favour of the
later. The numerous examples of civil and religious architecture thal use this constructive
teason for texmring walls and arches framing, confirm a research entrusted not cnly 1o the
aesthetic effects resulting from dichromate of matenals, bur also to the effectiveness of bricks
capablz to act in cushioning the efforts and levelling of stones not always smooth. OFf course
the best cxamples. especially in terms of <ability. are when the bricks have regular
alternation of cutting head and. acting &5 a belt all the more wrgent as the number of
intzrstices'”.

Fig. 3. Castelbasse (Te), sxample of Fig. 4. Rozello (Ck), éxample of masonry
mied masonry. with “roos™ and iron caatms.

In areas of limestone, walls bave laken a different shape, linked to the hardness of stone and
its correspond ng workability. ranging from well-squared masenry. in arcas rich in limzstone
or laminated wits, supplemented with mortar of good festures that have made unnecessary
the use of rescheduling rows™.

From the scismue point of view, a lundamental aspect of the histore bailding 15 the
relationship batween the main walls and front walls: the lirst designed as load-bearing
structures, the second as linings of individual cells, pamllel to the texture of the floors so that
the laying work does not interfore with their clevation, Releasing the front walls from the rest
of the facade of the buildimg and imtending them as a control zone of environment conditions
and space delimitatior. he deprived them of effective constraints on the telluric movement

Hogavi 10, vol 11, pg. 2259233 (22).
¥ poret 1o 1965, pp 207230 ] Savmar BT [7] s Gaoviss 14610, il W TOI05 |1?J
N A aGNOLE 2003, pr. 1 55=168 [25] Virazzn 2006, pp, H7-355[26]
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recuiring the use of additional elerents. Among these, the most interesting are the arches of
“controspinta’” betweer bwo houses, also known as "soprostrade arches’, widespread moall tae
centers of Abruzzo Apenrines: real constructive expedieats against zarthquakes. uscful 1o
control the distribution of honzontal loads with considerabl: advantage for stability, Used like
structures wr link buildings ovelocking, these sirings o nany cases s lengthened the wie
of the facades in form of real structures, with a “harrel geometry™, aimed o provides coversd
passages among stoeets and precious space enlargement of buildinzs on the upper floors. Of
these strings. mostly made o1 rough stone, there are several origimal examples in the centres of
Abruzzo Aquilano, where the high seismic activity and the severity of the slepe have often
given extremcly compact Fouses, which articulated like 4 unnel between the buildings have
helped to raduce the solutions of continuity and to enhance the tonsistency and appearance ol
structures lortoise” . Somctimes the construction of “controspinta arches™ has also spread
oulside the inhabited areas. and applied every time, the two sides looking were useful to the
implementation: in the church of 5. Maria delle Graze in Caramanico, probably sixteenth-
cenmry foundation, the face stll bears the tmecs of the twe stene arches connzcting the
church to a fromt idding, enpaped in the border arca between the vessel and the central
lateral vessels. contirming an earthquake resistmt set enhanced by the lateral scarp walls.

To correct the rotation of the walls, often caused by insufficient “"ammorsatura”™ among the
septa, the historie vard has made frequent use of spurs in masonry made of bricks, for better
adaptability of more standardized elements, or stones, with partially squared hewn stones,
sometimes mixed with bricks.

Lvon Battista Alberti already suggestwed the use of spurs, as a sori of "permmanent crib”,
opening for such structures a suceess that has never failec. both in the recommendationg of
the treatises and in constructive practice, After the carthquake of 1703 there are numerous
spurs of stone made in L Aquila supporting rumned labnes: among others there are the spurs
that support the apze of the church of 5. Domenico of Vigliano, marked by Rodolico for tae
resistance and the beautiful appearance and the left side of the church of S, Mary
Collemaggio, on the lefi of the transept of S. Pietro in Coppito™,

The constructive usc of a system suppuited by badition §s held bawen tie eod ol e
cighteenth century and the beginning o7 the nincteenth century, widespread tendency net only
in Abruzzoe. For example, the spurs proposed by Canina in mid-nineteenth century. in stole
lined with brck, for villa Adrana in Tivoli, or these of the Sanciuary of Hecules Winner,
Tha support of manuals in that time for the use of such system 1 tatal taking up the caution
in the use of new matenals, especially iron. in the restoration of old lactories, the use of spurs
is indeed considered the most effective remedy for the detormation of traditional structures. [n
hie Teoria ¢ pratica dell arehitettura, published iv. Rome in 1788, Girolamo Mas: says that
"scarps and spurs are necessary in case ol the walls are gone Irem the perpendicular, and have
no overhang to have sufficien: thickness o resist the thrust ¢f the vaults, or for any other
recason .. ) At his cancern, in building scarp walls o spus, o "eoncatenste sd o ueige e
using the same materiais with the old wall, at which they pick and make the tracks and tunnels
that yeu can intern the new matenal," it echoes a few decades Later Givseppe Valadier in
L wrohitettura pratica, where the earthquakes are considered one of the seven lundamental
causes Of repairing the buildings, proposing to alleviate 1t using the buttresses. which,
howewver, to be effective, they must be well-anchored o the masonry o be with them like a
“single body™ the essential fact o gve comfort to the ¢hiff wals and provide o basis for
wider supporl, Starting from the frst half of the 15th Century the manual of Rondelet - thc

Y Cemanima 2000, PR T3-EG[2T] Orronan P9, po 19 [12):

= Ly U7, pp TL-80 [28]: The use of spurs for the consalidation of the buldings afler the: carthoguakes 15
widispread in many regions, After De edrthquake m Valperma of 1792, G chambers architzen Pietra Fermari
proposes the consmction of spurs and bullressis associpted with svitems connecting woodzn or icon betwesn the
walls and “shatacchioearches” between twe hoises. The struetural capacity and consehdation of spurs heve also
aceurred after the earthguake of 1789 in Ciud di Costello: ofe. Ciovarrmn 1003, po 20, wh, 270 [20], See alzo
CERADINL, PUGHIANG 19RT, pp. 329-343 [30].
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first transhition into Italian is of 1834 - will bring the spure as excellent systems for
consolidation into a paragraph dedicated to them™,

A constructive expedient in the implementation of the spurs in Abruzzo is also the inclination
of its constituent elements accerding to a practice as old as cffective. Tn sevenicauthi-eutuy
closter of Capuchin convent in Montorio Vomano, in the provinee of Teramo, the large spurs
of stone raised 1o counter the mtation of the ¢ast wall of the old refectory are made of stone
masonry with exterior brick lining inchined approximately 90° from the direction of the spur,
giving the mortar of adjustment functicn of the evalition of rows. The construction of them
seems rol duc 10 natural disasters but to the decline that the convent is suffering from the last
decades of the nineteenth century, and perhaps coeval to the consolidation dene inside the
church with the use of chains anchored 1o its side walls.

On the same logic, buttresses and rough walls tndergo interventions of lining also useful for
any modification of appearance of peculiarity and fizurative style. Buildings of L' Aquila have
been consclidated in a different way aller the carthquake of 1703, interventions of
"pliccaggio” facades turned buildings in fact formally different from the original ones™. The
thickness of the linings are of course fimctonal 10 the extent of ruin, snd renerally not less
than 15 centimetres. In the intervention of the church of 8. Thomas Caramanico in 1854 the
prospeclus is consolidated vsing a swelling of the counter. to a thickness throughout the
height of 40 centimetres™, Frequently in the documents of the niseteenth century the
‘ricocehiatura” 15 used to ceseribe intervertiors in refurbishing crooked walls, often using
pieces of bricks

Linng intervention of a wall built with a sgarp profile is the one in the southern wall of the
church of 5. Joseph in Vasto, interesied. in the middle of the nincteenth century, by a
phenomecnoa ol totlion caused by the thrust of the roof and the dilapidated state of 1is
materials. The consolidation is implemented. even here, not with the operations of replacmg.
but in addition 1 it, giving elTecliveness “ammorsatura™ to the intervention™

One of the parts of the Suilding that always engaged the historic yard for its vulnerabilty to
earthquekes is the top of the walls; difficult 1o anchor to the structures of covengge, lis
recanstraction 15 a constant in the operations of conselidation performed in the course of
centurics, and very often made of brick curbs, useful to provide more effective support fo the
thrust of the reel and to aveid, whers possible, more cxpensive re-roofing in terms of
expenditure and effort, Systems strengthening in the top of the walls include the ones based
on the use ol wooden beams incorporated into the body of them, for almost all the thickness.
The system, well-known in the historical yard in the Abruzzo region, is that of "roots", always
ased with the objective of insreasing the capacity of resistance of the building (Fie. 4). Boanes
of wood, often oak, inserted into the walls with the dual purpose of absorbing horizontal
torces and to strengthen, when extended to the perimeter, the walls of the field, avoiding the
collapse”

s 1788, L po 66 [3 1] RoMDELEr 1867 132] [V, ¥ALADER [B25% 1839 23] to the theme of consoldaticn and
restaribion 15 dedicated the volwme IV, in particudar the section XX entitled “The way tirobserve the lesions m the
hualdinps and method 1o deteet the eauees. dnd eantions to repair.”

1 InGiovans 19499 [34]. The destrisctions made by the earthquakes werd ofien usad s propulsive clements sdens
lor the renzwal of the allevied cites, underaten with “palaziamento” very poputar from the eightecnth century
onwards, resulting fom the joining with pre-sxisting cells, evident on the facads with the addition of fupctionl
and decorptive elemmts o mis ogetherand zrve (L a new uhan status.

= Seq PEZz1 2003, pp. 180185 [35],

* ASCh, Fondo Intenderza, Affari Ecclestastici. Chiese di Risgdo patronat IR27A0866, B XL 11-1, Doz, of 1847,
digesitied repairs o the eoitulite clureh of St Joceph of Vasto of “Regie Patew®”, Divided the height of ey
palms of the wzll inis three arzag, for the first ten 38 preparcd in 1 stone bulding with brick liring, the thickness
the b, 2 pahms and & balf, equirgs few "ammorsatene™ (o the nent seventeen the wall ks only bracks-to moeel
the needs of aliznment, and it s lirked "0 the old one with a palm decp “addentellato™ and repeated fo-a pdmoa
each neight; the height remaining, the demoalition of the wall and the building wnsale m us instead of a new,
sands:one "hurd” coated with brtcks, 3t i nesfil 1 dukio the ourk 3 the property and provice o sufficient reaponse o
e thoust of the root.

e examples found e entremcly numerons, although vag g e implemneniaeion, and e sccurasy of
embeddings in the ease, Fequently, the assembly of several elements, depends dircctly on the possibilities of the
gl Sow Varatmon 2000, w18 [3000 ANV, et IV, b 39 0T 1282129, See also on DY ANSELMO | 596, ppr. T1-T7E
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Although the lehian treatises have always been sceptical shout the use of chan-espemally
followinz the recommendation made by Vignola not support the factory with "strings" - in the
yard of Arbuzzo the use of metal reds s very frequent, especielly for thrust contamment of
grches and vaults. Their location are usually in the “en”, slihough there arc also examples of
more complex solutions. A sinzular application of chains “hraga™ on the extrados of the
arcades, very used in the yard of Bologma is in the consolidation of the choir of the church of
5. Mara in Vasto, in 1838, Understeod as a operation designed to improve and to correst the
old fabric, according to the Alberti restoration, the ntervention consists in a system to chart
the arch of the caoir in front of the rave, divided mto horizental and vertical elemerts, useful
to satisfy the static requerements withoul offending the aesthetic. The cham itself is recessed
into the will and anchored o e Tiedds of pwo vertical elensents, so-called "staffoni", fixed on
the external sides to a heich: slightly greater than the arch, and stopped with other horizontal
elements that cross the walls to the imer face of the piers: all with a specially designed
timber, to put the chains in tension and to protect the labrie m the mest solicited noints™,

On the vaults, one of the most popular systern of reinforcement ig the inelusion of tghtening
strings, often on the extrados after emptying too heavy fills. These are the so-called "combs”,
with ribs made of bricks arranged in packets of three alternated clements of "nib™ and two flat,
w ensurs the necessary “amuersalura™. A singulac declension of this technique is m the
convent of S, Berardo it Citta Sant"Angelo, where the vault presents “falio” on the extrados.
ribs crossed with nodes reinforced by additional elements. Often the system of arches
stiffening is associaied with the constructior of “treaelli™, walls, mostly in brick, built on the
“remi” to their support and assistance. The geometry of the vaults @ not dizeriminate by the
use of ribs,

The Palace Castiglione in Penne presents an application of these nbs om the vault that covers
the main Toor of the recm, divided into sia seginents by conesponding “costoleni™ placed en
“frenclli” and convergmimng aver the central v make a stronger structure of bricks, For casing
the vault is singular the use of "procelle”, Litle bricks m foil embedded in the Olling. In the
villa Baioceo of San Valentmo (Pe) of the nineteenth century, the partial collapse of the vault
of one of the rooms on the ground floor has revealed the presence of three on the extrados of
three “procelle”, in line with the lunette below, which evidently wanted to presesve the nsk of
an overweight.

The historic yard has taely used, incoosolidation of floors and coverings, the replacement of
the man eements. Inlerventions nn the floors of minforcement were often limied 1o
inclusion of adcitional elements. to reduce the hights, or, in less serious cases, wedges ard
chocks to fill the gaps by puttirg i tension the stracture, Compared to [loors, roofs needed
more difficult operctions, not enly for greater articulation of the structures but also for the
mirinsic conditions of vulnerebiliy: Example of a case of roof repamng widespread
throughout the regicn is the repairs, in 1839, of the church of S. Matteo in Teramo, residence
the Royal College, whose project wanted 1o reinlforee the ool witl the “brakang of the king-
posts with stirups placed horzoatally ketween ‘a king-post and another and affixing
“saettoni” between the king-posts and thighs™.

[27]. In their most aware appheation, the wae of wooden benma on the wall refers G syvtems seed th houdes shacks
made afler the disastrous cartaguade m Liskon an 1735 and Calibeiz of 1783 Amid certanly from this ime that te
sefsmac tratler becomes urgent, monopoluang the whole cullure on construction safecy in building. The use of
rpoting 15 commean Lo all the historic Halian shipvard, with very intzresting dintectal declinations. In the lombard
vard are mentioned *lygat”, sak or larch reds, whose erection i often emitizd in the capindate because already
arantéd. Bee in this repard D2ina Tonen 1900 [16], pp, 135145, Clusraa 1006, pp 205231, m desadl 216217
417, Forthe Boman yacd Scavizay 1983, pp. 3742, p. 139 [a0].

* Ses foomaote 15,

UASTe | Archivie di Stato i Terama), Forda ftendersa Borbonica, pacco OO fase, 189 - Teramo 18309,
Seandaplio de’ lovii csegaiti dalla veding Girali per w0 riductone dell’ex Moristero di 5. Mattea ad uso oy
Callenio Reale Complemensry o the work of the rool are the: compensetion of the walls bailt with “stonc
factory ™. thee realizetion of fake ckiste vaults, plastering the fime by lime and whitening, the building of eloiser
vaelis with Brizks and challe.
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Frequent is the strengthening of trusses with the grafi, on the intrados of the chains, of metal
clements through the thickness of the walls and cut for a sufficient length to anchor the poles
weth “capachiave stakes™ put in tension with wedges. The trusses of the church of 8. Antonio
Barete in UAquila are treated i this way, medieval but almest entieely rebuilt after the
earthquake of 1703, and also the one already mentioned in the Capuchin convent in Montorio
Vomano (Fig. 6), united by the presence of gutters an “palombelli™ with “pedagnoks wood™,
which enhance the censtructive care likely duc to a state of necessity. In the church of S,
Cross, always in L'Aquile, the chain of the truss, probably also renewed after the carthquake,
it is prolonged vutside and stwopped by a wooden “capoch:ave pole”, inserted into a hole made
Ol PUrPosEe.

Semetimes for strengthening coverage beams with features of paradoxes, the historic yard has
used real “truss corner”. In the Palace Coppe in Citta Sant’Angelo, made i the seventeenth
century withir the convent of S. Bernard, the main truss, with king-pest and “controcatena™ is
strengthened. at the pavilion in the corner, by an additional truss, probebly built during the
nineteznth century, during a renovation of the building, and featuring not only “contracatena”
but alse “contropuntoni™, held together by a metzal bracket o anchon cenral “inbretella”™ tha
the “punteni™ to tie king-pos,, passes on the “controcatena™, wraps the chain, is depreciatec
on a bar of wood under it cluichirg 1t in a statically efficient system.

Associated with the strengthening of Noors and roofs are usually the renewal of the leg
support of beams and raflers. extramely wilnerabie to the stresses induced by earthquakes, ge
offien undermined by the degradation ¢ssociated with the stagnant humidity.

Fig. 5. Navelll {Ag), ramamns of Fig. &, Montorio al Vomano (Te),
Ssuprastadi arches™, Capuchin convenl chin “out” of tuss,

I very difficult, as alrcady nowd, to fix o contivuity between e art of building and
strengthenmg systems of fabres. The technical and material continuity that has marked the
history of the Abruzzo region avoids any temporal sequence, However. the power and value
ul tradition had 1o surmender w0 a forced renewal in the last decades, perpetrated. as we know,
with the use of abuse of the assets as the only alternative to disuse and abandonment Except
n cases, lucky for our study. of non-rencwal of the fabrics, predominantly because of
abandonment, the same examples that we have in this nole are often the residue of the
existing processing operations implemented with the latest requirerrents . These enamples,
however, m their relationship o a new misunderstanding, make the difference and they
indicate a new road 10 recevery, emancipated from a modernity at all costs, 2nd finally more
attentive te the fate of the property than to the verification of the wwans fn ils preservation.
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