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TECHNIQUE AT THE SERVICE OF A NEW
LITURGICAL MODEL: THE TIMBER ROOF
OF THE CHURCH OF SAINTS MARCELLINO
AND PIETRO IN CREMONA
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At the turn of the 17th century, the Jesuit order settled in the city of Cre-
mona, where, thanks to the support of Bishop Speciano and some notable
families, it started the construction of the church of Saints Marcellino and
Pietro (1606-1620), the Schools and the College. The church model of the
aisleless rectangular hall — large enough to accommodate a large number
of faithful — forced the fathers to resort to unusual solutions for the area of
Cremona, which, over the centuries, also led to instability and structural
problems. The careful archival and bibliographic research made it pos-
sible to investigate the wooden roof with wide-span “Palladian” trusses
(about 15.20 m), directing the diagnostic analyses, identifying the pecu-
liarities of the technical solutions adopted, in a continuous comparison be-
tween indirect sources and in sifu investigations. The construction events
of the trusses and secondary framing were investigated over a long peri-
od of time, to include the succession of minute maintenance and repairs,
also carried out in the last two centuries; the complexity and stratification
of works carried out in phases and singular interventions, linked to the
chronological succession of events, is the basis for the interpretation of the
current state of the structure, therefore for a restoration intervention aimed
at protecting the building palimpsest.
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1. INTRODUCTION

At the turn of the 17th century, the signs of an economic
and social crisis manifested in the city of Cremona, in-
volving above all the merchant class and aristocratic fam-
ilies: following the plague of 1630, the city’s population
was reduced from about 46400 inhabitants in 1621 to only
13900 in 1660; therefore a long period of stagnation and
cultural isolation begins, also as the result of the transition
to an economy based mainly on agricultural income [1].
However, the harbinger of this crisis had already be-
gun to appear in the 16th century; many noble families
extinguished, and wealth flowed to a few individuals;

120

Habsburg rule did not calm the political instability and,
at the same time, numerous heretical communities settle
and sprout, even among the noble class.

In this context, the reforms advocated by the Council
of Trent, the influence of Cardinal Carlo Borromeo, and
the appointment as bishop of Cremona of the Cremonese
Cesare Speciano determined the conditions for the settle-
ment of the Jesuits in the city of Cremona; a new religious
congregation which was attributed the role of stemming
heresy by preaching and educating the future ruling class-
es. As in other cities, the Jesuits settled in a central posi-
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tion of the city, where they initiated an impressive building
program aimed at the construction of a capacious church,

a school, and a college with dormitories and a library.

2. THE CONSTRUCTION OF THE CHURCH,
GENERAL MODELS, AND LOCAL WORKERS

It is well known that the Council’s “reform decrees” di-
rectly concerned the figurative arts but not architecture
which, however, adapted itself to the radical change in li-
turgical functions and catechesis: the new buildings were
conformed to re-evaluation of the salvific value of the
sacraments (facilitating preaching and the centrality of the
Eucharistic rite), the community of the faithful were gath-
ered in aisleless churches, focused towards the main altar
and the pulpit [2]. Even the newly built Jesuit churches
found inspiration in architectural models — albeit not rigid-
ly applied — identifiable in a rectangular hall with the altar
at the end and shallow chapels communicating with each
other on the sides of the nave [3, 4]. The Jesuit strategy in
the architectural field — under the aegis of the consiliarius
aedificiorum (and in particular of Father Giovanni Trista-
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no, 1568 to 1575, and of Father Giovanni De Rosis, 1575
to 1610) — was also linked to the criteria of practicality,
functionality, and economy, in accordance with the pau-
perism that characterized the first settlements.

From these architectural models also derived con-
struction techniques that were new or derived from other
existent building types: the first churches were often cov-
ered by articulated wooden ceilings, more rarely by brick
vaults, the walls presented an austere architectural vo-
cabulary, and the roofs had to cover the large span of the
single nave. However, these recommendations were put
into practice in different ways in the numerous provinces
of the Order, where the materials available, the workers,
and local building practices influenced the construction
of churches and colleges.

In the ecclesiastical province of Milan — which includes
the suffragan diocese of Cremona — the significant reforms
implemented by Cardinal Carlo Borromeo also had a trans-
lation in the architectural field: the Instructiones fabricae et
suppellectilis ecclesiasticae had great importance in initiat-

ing and orienting the restoration and construction of new

religious complexes, defining stringent and highly detailed

Fig. 1. On the left: orthophoto of the main fagade. (Image source: courtesy of R.T.C. di Colturato&Pedrini). On the right: the interior of the church.

(Photo by Angelo Giuseppe Landi).
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rules [5, 6]. Bishop Speciano was a trusted friend of Borro-
meo and a staunch — also economic — supporter of the Jesu-
it settlement; he was well acquainted with the Instructiones
fabricae, and it is likely that he applied many indications
in the project of the Jesuit complex, in which he played a
pivotal role: in several documents the explicit will of the
bishop to build a grandiose church is reported, a sign of the
Counter-Reformation in the city. In fact, Speciano seeked
to identify the site of the church and the college, neces-
sarily located in a central, easily identifiable area, close
to the places most frequented by the faithful. The studies
conducted so far on the church have contextualized the set-
tlement of the Jesuits in the city of Cremona and have doc-
umented, as far as possible, the construction of the church,
with a specific interest in the early stages [7—10]: the build-
ing donated by Margherita Torri in January 1594, consti-
tuted the first step in a building program that affected the
entire surrounding block, with the gradual acquisition of
neighboring houses. Speciano also undertook to raise funds
necessary for the purchase of the buildings, their demoli-
tion, and the construction of a new grandiose church, the
schools, and a college: the hereditary bequests of the noble
families (among which those of Margherita Torri Ferrari,
of the Mainoldi, Fondulo and Fossa families) and a signifi-
cant part of the inheritance of the bishop Speciano himself
(who died in 1607) contributed to the costs for the con-
struction of the church — dedicated to saints Marcellino and
Pietro — which started between 1602 and 1603 [9]. The lo-
cal aristocratic class worked to stem the spread of heretical
movements and, at the same time, invested huge resources
in a new religious order responsible for the education of
future generations of the new ruling class.

The purchase of the houses located on the southern and
eastern border of the church of San Michele Nuovo and the
confirmation of the bequests allowed the Jesuits to start the
demolition of the church and some adjoining buildings, as
well as the start of the construction site, documented by
the specifications of the works stipulated on October 30th,
1602 [10]: Francesco Laurenzi was commissioned by the
Fathers to build the new church, in accordance with the
project of the engineer Angelo Nani, following the best
rules of art. The new building is structured on a single hall
system (about 15 m x 37 m), a pseudo-Latin cross of im-

posing dimensions, with a pseudo-transept, side chapels, a
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large presbytery, and the slender bell tower. Originally the
interior was probably austere, decorated, and punctuated
by a succession of monumental pilasters surmounted by a
plain entablature; the large windows above the entablature
collect the light from protected loggias, guaranteeing fil-
tered lighting in the interior space.

The church was built starting from the presbytery, de-
molishing all the pre-existing structures (whose materials
were carefully stacked and, at least in part, reused) and
building the new structures from the foundations: the con-
struction from scratch of the building perhaps also implied
a sign of symbolic value, of a Church to be re-founded on
the austere solidity of the religious Order. The conditions
agreed to in the specifications were quite precise; they re-
quired complex operations, the use of high-quality materi-
als, mostly lime-based mortars instead of traditional earth
ones, and «mature and well-experienced» workmanship
for the most delicate processes (e.g., for lime processing).

The same principle is also reiterated for roofs, which
had to have the correct slope of the pitches, trusses
worked by competent carpenters, flat bricks under the
monk and nun tiles (of adequate thickness), and the only
requirement that «no beam rests on or touches the vault».
Little or nothing is known about the materials used, in
particular the woods that were supplied directly by the
Jesuits to the construction site: the character of the com-
missioner, whose relationships and interests went be-
yond the confines of the Cremona area, today pose some
critical issues in identifying the origin of the workers and
materials used in the construction site.

The specifications predict a long and complex con-
struction process, consisting of at least two building
phases, the first involving the construction of the presby-
tery and the “transept”, completed in 1607, whose project
was still subject to revision by Father De Rosis, of the
Roman council aedificiorum, in July 1603 [11]: in fact,
the construction of a church of this size must have seemed
excessive to the Jesuit fathers themselves if in March
1604 — when the foundations were already laid — they
asked for permission to reduce the nave, denied by Father
General Acquaviva. The construction continued briskly,
also thanks to the inheritance of Bishop Speciano, who
left most of his fortune to the Jesuit order [12]. The first

portion was completed a year later, with a blessing by the
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Fig. 2. Plan of the church of the Saints Marcellino and Pietro with the projection of the vaults: a brick vault separates the large (about 15 m wide)
Latin cross liturgical hall with a pseudo-transept from the attic space and the wooden roof. (Image source: geometrical survey, courtesy of R.T.C.

di Colturato & Pedrini).

bishop Paolo Sfondrati and although there is no descrip-
tion, it can be assumed that it was finished and suitable for
placing the relics granted in 1611. Even today, the toothing
on the vertical wall structures is clearly visible, while the
large vault was certainly missing if, in December 1609,
Father Acquaviva asked the local Jesuits for clarification
on whether or not they intended to build it [13].

The analyses carried out in situ made it possible to es-
tablish that instead, the wooden Palladian or queen post
trusses — a technological solution suitable for covering the
wide span of the liturgical room, equal to about 15 me-
ters (corresponding to about 31 Cremonese arms, being
each arm equal to 0.483 m) — had already been placed on
site. The vaults, however, were undoubtedly built before
the start of the second building phase: the large cracks on
the walls and the vaults themselves are compatible with
the instability that occurred on an incomplete structure, in
which the thrusts could not yet be fully countered.

After an interruption the duration of which is still un-
known, the construction of the church resumed with the
conclusion of the nave, without interrupting the use of the

church, documented by expenses for the altars (in partic-

ular that of the Transfiguration) and the purchase of an or-
gan. Margherita Torre expresses the will that her funeral
be held at the church, while the bells of the nearby church
of S. Nicolo «and that of the Jesuits» must ring, implicitly
attesting to the presence at least of a bell, perhaps wait-
ing to finish the bell tower [14]. The interruptions of such
large-scale construction sites are well documented in the
history of architecture; the unfinished aisles were closed
with provisional wooden structures, mainly composed of
boards, sometimes decorated with paintings.

On July 7th, 1620, the church was consecrated by Bish-
op Giovanni Battista Brivio [8]: it is very likely that this
ceremony took place in a building still lacking in finishes,
partially occupied by building works, but certainly shel-
tered by the entire wooden roof and probably also by the
brick vault. The tympanum to be placed at the top of the
main facade was never completed, while in 1622, Ales-
sandro Macchi and Ippolito Tonsis financed the construc-
tion of the altars of two chapels and the related decorations
in a church that still had a marked pauperistic character.

It was not possible to clarify whether the second

phase of the construction site was completed by the same
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workers employed by Laurenzi and whether the procure-
ment of materials is attributable to the same commercial
channels: the investigation conducted on the roofs shows
significant differences, not in the general structural sys-
tem, but in some construction details.

Other finishes were progressively completed, always
using the conspicuous bequests of Speciano and Margher-
ita Torre. However, the economic resources converged to-
wards the continuation of the building program, aimed at
the erection of the Schools and the College, respectively
on the southern and eastern sides of the church. In the
period 1628-1629, the school project was discussed be-
tween the Roman consiliarius and the provincial father,
opting for the entrance adjacent to that of the church, «as
the founder [Bishop Speciano] liked» [15].

The appearance of the plague epidemic in 1630 de-
termined the rapid decline of the city’s economic system
and a profound crisis for the following decades [16]. The
city building activity was substantially canceled, and nu-
merous construction sites were suspended or not started,
resulting in a decline in real estate prices; however, raw
materials prices dropped as they could be recovered from
demolitions. Thus, the considerable economic resourc-
es of the Jesuits could guarantee the construction of the
contiguous schools at sustainable costs and represent-
ed the opportunity to definitively finish the decorative
arrangement of the interiors, with stucco moldings, be-
tween 1651 and 1652.

After the completion of the interiors, a long period of
— discontinuous and poorly documented — maintenance
begins and, from the 19th century, of abandonment. In
1777 a storm caused «serious damage» to the church of
Saints Marcellino and Pietro [17]; after the suppression
of religious orders, there was a risk of profane use (mil-
itary riding hall). In 1817 the Fabbriceria of the parish
church of S. Agostino — of which the church was a sub-
sidiary — reported damage to the roof of the church of
San Marcellino, in particular in the parts bordering the
bell tower from which bricks fell; the following year,
the parish vicar requested restoration work on the roof
and the facade, whose marbles were by then in a very
precarious condition [18]. However, the most significant
intervention, albeit limited only to some parts of the roof,
consisted of the strengthening that took place in 1841:
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three trusses needed to be reinforced with struts, modifi-
cations to some members, and insertion of metal straps,
for a total amount of 700 Austrian lire [19].

Despite the directions in the specifications, the wood-
en tie-beams of the trusses are in contact with the ex-
trados of the nave vault; a succession of longitudinal
beams, placed on the tie-beams in a central position,
seem to support the vault, to which they are connected
by means of metal straps. The instability at the vault and
the detachment of the plaster were also attributed to this
system: in 1862, a restoration work designed by engineer
Guarneri filled up the cracks, made the extrados buttress-
es up to a third of the height of the vault, and restored the
detached plaster on the intrados [20].

The reconstruction of the eaves was attested in 1897,
on both sides towards the road: the gutters and all the
protruding parts of the wooden eaves were replaced [21].
Although with a certain discontinuity in the archival doc-
umentation, in the following years and up to the recent
past, maintenance interventions and, more often, revi-

sion of the roof covering are attested.

3. METHODS

The historical-archival research conducted by the authors
aims to develop further insights into the construction
phase of the church, already partly outlined in the recent
bibliography, and to integrate it with the history of uses
and, above all, of the maintenance carried out up to the
present. Even if incomplete and discontinuous due to the
state of conservation of the archives (the Jesuit archive is
quite incomplete, and that of the Fabbriceria di S. Agos-
tino is discontinuous), this information constitutes a fun-
damental basis for supporting the interpretation of the
data collected in situ, through direct observation of the
building. However, historical knowledge also plays an
essential role in drafting a restoration project that recog-
nizes the value of the building as an architectural palimp-
sest, on which the numerous stories that have interested
it have left their traces.

The analysis of the roof structures is, therefore, part
of a continuous comparison process between written
sources and material traces: a process of identification

of construction phases, traces of woodworking, replace-
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ments, additions, strengthening, carried out giving dia-
chronic restitution, based on absolute — when possible
— or relative dating. This leads to the possibility of attrib-
uting materials and construction techniques to the differ-
ent historical contexts that generated them, identifying
the duration or intervals of deterioration manifestation in
the structures and architectural finishes, of verifying the

results of previous interventions.

4. THE CHURCH ROOF

From a constructional point of view, the church roof can
be divided into four parts:

» the hip roof of the presbytery, with a truss, two
half-principal rafters, hip rafters, and purlins sup-
porting the joists;

» the gable roof of the nave (its span greater than
that of the presbytery), with nine trusses that sup-
port the purlins on which the joists are placed;

» the roofs of the two bands on the sides of the
nave — consisting of the side chapels and the pseu-
do-transept — with rafters, purlins, and joists.
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Although — on a general level — the same structur-
al organization was maintained in the two construction
phases, differences can be identified both in the nave and
lateral roofs. The peculiarities connected with the two
construction phases of the church are accompanied by
others due to the maintenance, renovation, and strength-
ening of the roof over the centuries.

4.1. THE ROOF OF THE PRESBYTERY

A single truss (T1) is on the roof of the presbytery; its
span is significantly minor to that of the nave (about 11
m compared to about 15.15+15.20 m in the nave). The
truss support: on its west side, towards the nave, the
ridge beam and four purlins (two for each pitch); on the
east, two half-principal rafters, two hip rafters, and four
purlins (also in this case, two per pitch). Transversely
to the hip rafters, two diagonal, horizontal beams rein-
forced with struts are intended to support the rafters by
vertical posts. Above this structure, there are the joists
placed at a distance of about 60 cm, which support the
laths on which the roof tiles are placed.

Fig. 3. Closed joint king post truss in the attic above the presbytery of the church. (Photo by Emanuele Zamperini).
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The roof of the presbytery has been significantly
reashed: it indeed underwent at least one significant main-
tenance intervention, of which, however, no documentary
trace has been found; however, it can be dated to the pe-
riod between the 1920s and 1950s, in which the parish
archives show some gaps. The reinforcement works of
the southern joint of the truss and the construction of the
hip rafters certainly belong to this period; in both cases,
thick boards connected with bolts and thin iron strips were
used. The replacement of some purlins and joists probably
dates back to this same period. These works most likely
involved dismantling the entire roof frame and its reposi-
tioning with significant changes. The substitution of laths
for flat bricks as the supporting element of the roof tiles
has allowed a reduction in loads and the overcoming of
the dimensional constraints imposed by the bricks; in the
presbytery, in fact, the joists are placed at a distance of
about 60 c¢cm, unlike what happens in the nave in which
the length of the “one arm long flat bricks” — used for the
construction of the roof deck — is about 48 cm, equal to
a Cremonese arm, as mentioned by Capra in his treatise
written shortly after the construction of the church [22].

The truss is a king post closed joint truss [23] with
struts; the joint between the king post and the tie-beam is
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a half dovetail tenon and mortice joint fixed with a wedge.
The truss members are all made of oak timber; the boards
used to reinforce the southern rafter/tie-beam joint are of
spruce; part of the purlins are made of oak, part of spruce
—and in this case, protected with the application of a tar-
based paint — as one of the half principal rafters and some
of the joists; the remaining joists — probably those pre-
served from the original construction — are some of oak
and others of poplar. The laths — probably also made of
spruce — are all treated with the same tar-based paint.

The two hip rafters deserve a separate discussion;
they are not made of solid wood but with thick boards of
painted spruce wood: two external boards are continuous
along the entire length, and a third is present only in the
middle part, where the bending stresses are greater; at the
ends, to distance and connect the sideboards, there are
laths inclined at 45° with respect to the axis of the beam,
placed at 30+50 cm from each other.

4.2. THE ROOF OF THE CHAPELS

The roof structure of the side chapels is simpler, consist-
ing of rafters (generally placed in correspondence with
the trusses of the nave, but some are probably added later

Fig. 4. Roof of the band on the northern side of the nave; it is possible to see the extrados of the barrel vault of the

pseudo transept. (Photo by Emanuele Zamperini).
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and placed between those) which support a single purlin
placed in the middle of the pitch on which the joists rest.
The rafters and the purlins are almost all made of oak
timber, but some of them — probably even these still
original — are made of larch, and others of spruce, which
are probably recently replaced or added. The joists are
mainly made of oak and discontinuous in correspon-
dence with the purlin, but there are some made of poplar
and some others of spruce which are recently added and
usually continuous on the two spans. In this part of the
roof, no significant differences are visible between the

two construction phases of the church.

4.3. THE ROOF OF THE NAVE

The most remarkable part of the roof is, without a doubt,
that of the nave; this applies both to the greater complex-
ity of the structure — connected to the presence of trusses
whose span is more than 15 m — and to the articulation of
the construction events, and the presence of interesting
traces related to timber transport and trade.

AN
N
~
AN
~
AN
~
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The structure is made of nine trusses (T2-T10), sup-
ported by masonry corbels or engaged pillars protruding
from the longitudinal walls; the trusses — together with
the wall above the arch that separates the nave from the
presbytery and with that of the facade — support ten bays
of purlins. All the bays have the same span, with the ex-
ception of the second from the presbytery (between T2
and T3), wider due to the greater height of the groin vault
of the pseudo-transept, which would have interfered with
the tie-beams of the trusses. There are three purlins per
pitch plus the ridge beam, which are all discontinuous
at the trusses; above each of the walls between the nave
and the chapels, there are two other purlins. Almost all
the purlins are made of oak wood, but some — even in
this case obviously replaced in maintenance works or
placed side by side with the pre-existing ones — are of
spruce wood. In the organization of the joists (almost all
of oak, except for a very few of poplar and some, recent-
ly made, of spruce), there is a clear difference between
the first and second construction phase: in the bays of
the first phase, the joists of the upper part of the pitches
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Fig. 5. Plan of the roof structure. (Geometrical survey: Courtesy of R.T.C. di Colturato & Pedrini). In purple the king post truss of the roof of the pres-
bytery (T1); in red the Palladian trusses of the first phase in which the queen posts rest on the tie-beam (T3-T5); in orange the Palladian trusses
of the second phase in which the queen posts are linked to the tie-beam with tenon-mortice joints (T6-T8); in pink the Palladian truss reworked
probably in the first decades of the 19th century with queen posts detatched from the tie-beam (T9); in yellow the Palladian trusses reworked in

1841 with queen posts detatched from the tie-beam (T2 and T10).
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are continuous from the ridge beam to the second purlin
of each pitch, while the other has a single span, from a
purlin to the adjacent; instead, in the bays of the second
phase, almost all the purlin have a single span. An ex-
ception to this general system occurs in the second bay
of the first phase, in which the joists of the lower part of
the north pitch are also continuous on three supports and
are all made of spruce, like the underlying purlin; this
— together with the traces of woodworking — suggests a
recent replacement. Among the oak joists, there are some
— perhaps coming from the houses demolished to build
the church — that show evident signs of previous uses as
floor joists due to the presence of notches intended to
accommodate the laths covering the joints between the
boards, and the bussole, thin inclined or concave boards
placed between the joists to close the space above the
girders.

As already stated, above the nave joists, there is a lay-
er of flat bricks, whose dimensions determine the center
distance between the joists, equal to about 48 cm. The
only exception is the two bays adjacent to the penulti-
mate truss (T9), probably rehashed in the early decades
of the 19th century, as we will see later; in these bays,
the joists are placed at a greater distance between cen-
ters — about 60 cm as in the presbytery — and support a
recently made planking of machined spruce boards. The
discrepancy between the period of intervention on the
truss and the presumed date of construction of the plank-
ing leads to the hypothesis that when the truss was mod-
ified, the flat bricks were replaced with laths and that in
a more recent intervention, the laths were replaced with
the boards.

4.4. THE RELATIONSHIP BETWEEN THE ROOF
AND THE MASONRY STRUCTURES

As already mentioned, contrary to what was prescribed
by the specifications of the construction contract, all the
tie-beams of the trusses (except the replaced one, which
will be discussed later) are in contact with the crown
of the vault, which, indeed, was shaped to house them.
However, the interaction between trusses and vaults does
not end in that contact; in fact, there are also some metal

hangers that hang the ribs of the groin vault at the inter-
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section between the nave and pseudo-transept, probably
installed during the construction phase to prevent asym-
metrical deformations in the vault when its centering was
lowered. Another construction aspect already mentioned
is the presence along the axis of the nave of a sequence of
timber beams that rest on the tie-beams of the trusses and
are bound to the vault by metal hangers; the dimensional
variety of timber beams and metal hangers, and the fact
that many of them show evident signs of previous use —
contrary to what can be seen in the roof purlins, which
are all rather regular — could lead one to believe that it is
a consolidation system put in place later (perhaps even
in emergency conditions) to limit the deformations of the
vault. The lack of signs of the anchoring points of the
metal elements to the intrados of the vault would, how-
ever, lead to place the realization of this intervention in
the time lapse between the construction of the vault and
its plastering. Alternatively, the irregularity of the timber
used could be justified by the fact that the construction
system was built at the same time as the vault but was
initially considered just a temporary device, only nec-
essary when lowering the centering and intended to be
subsequently removed, but that this removal never took
place, perhaps because the builders had noted the poor
stability of the vault. The considerable thrust and lack
of stability of the vaults are also manifested by the dis-
tancing of the longitudinal walls of the nave, evidenced
by the vertical lesions present at the connection between
them and the corbels or engaged pillars that support the
trusses.

5. THE NAVE TRUSSES

The nine trusses of the nave roof are all “Palladian” or
queen post trusses. Also in the case of the trusses, differ-
ences can be noted between the first and second phases,
to which are added others connected to the reinforcement
interventions carried out over the years. Observing the
trusses that have not undergone significant alterations, it
can be seen that: in those of the first phase (T3-T4-T5),
the queen posts rest on the tie-beam, which in its mid-
point is hung from the king post by means of a long met-
al bracket; in the unmodified trusses of the second phase
(T6-T7-T8), instead, we see that the queen posts are
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joined to the tie-beam through tensile-resistant connec-
tions, made with a half dovetail tenon and mortise closed
joint. In addition, the king post — always connected to
the straining beam with a closed joint — has struts in the
trusses of the first phase, while they are absent in those
of the second phase.

The apparently modest different relationship be-
tween the queen posts and the tie-beam denounces
a different structural conception. The quadrilateral
formed by tie-beam, lower rafters, and straining beam
inside the Palladian truss is a statically underdeter-
mined structure, which — if loaded asymmetrically —
undergoes large displacements. The role of the queen
posts is, therefore, fundamental: they fix the distance
between the lower rafter/straining beam joint and the
underlying tie-beam; thus, they prevent the structure
from becoming a mechanism by exploiting the flexural
stiffness of the tie-beam.

However, from this point of view, the trusses of the

two phases behave differently. In the trusses of the sec-
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ond phase, the queen posts are connected to the tie-
beam with a joint capable of resisting both compres-
sion and traction; therefore, in case of asymmetrical
loads, one of them will press against the tie-beam, and
the other will lift it, subdividing the force necessary
to stabilize the structure between two points, in one
of which it would also reduce the bending of the tie-
beam induced by its own weight and by the other loads
applied to it. In the trusses of the first phase, instead,
the queen posts simply rest on the tie-beam, and this
ensures that in case of asymmetrical deformation, only
one of them comes into action, pressing on the tie-
beam and increasing the stresses induced in it by the
other loads.

As already written, three of the trusses of the nave
(T2, T9, and T10) underwent significant modifications
and, therefore, now present a different structural config-
uration. As regards two of them (T2 and T10), it is possi-
ble to date the interventions with certainty, thanks to the

archive documentation.

Fig. 6. Unmodified truss of the first phase: T3 truss seen from the north-east. (Photo by Emanuele Zamperini).
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Fig. 7. Unmodified truss of the second phase: T8 truss seen from the north-west. (Photo by Emanuele Zamperini).

In January 1841, following a winter characterized by
heavy snow, roof reinforcement works were started by
the master builder Angelo Fontana; eng. Luigi Ghisolfi —
a member of the Fabbriceria of the parish of S. Agostino
— drafted a first report [19], in which he stated that the
load imposed by the queen posts on the tie-beam would
have caused the trusses to burden the vaults, causing
them to crack. In his report, he also indicated the work
to be carried out urgently and the other necessary — but
postponable — improvements. A subsequent and more de-
tailed appraisal is sent to the Fabbriceria by Eng. Benini
on March 30th [24]: to eliminate the load of the trusses
tie-beams on the vaults, in the T2 and T10 trusses, the
queen posts are equipped with two struts each and are
shortened so that they are no longer in contact with the
tie-beam, but can support it by adding of metal straps;
furthermore, the T4 and T10 trusses are equipped with
struts that support the tie-beam, thrusting on the walls.
In the T10 truss, some elements are also replaced (rafter,
lower rafter, and king post), partially charred — such as

some of the preserved elements and some purlins — hav-
ing been struck by lightning; probably, this is the one that
struck the church 64 years earlier — on August 19th, 1777
— right in that part of the roof, during a violent storm de-
scribed in detail in a publication of the time [25]. Among
the works described in the appraisal, there is also the
shoring of the roof near the two trusses on which the
most invasive interventions were planned, which there-
fore did not require the dismantling of the secondary
framing and the roofing.

In describing the deferrable works, Benini instead
stated that the insertion of the new struts and the cut-
ting of the queen posts had to be performed on six more
trusses [24]; this note is useful to define an ante quem
term for the reinforcement of the T9 truss. There are nine
trusses in the nave, and on two of them, the queen posts
had just been shortened; the fact that the report provided
that only six of them still needed to be modified suggests
that at that time, the intervention on the T9 had already

been carried out.
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Fig. 8. Survey of the trusses of the nave: on the top left, T5; on the top right, T6; on the bottom left, T9; on the bottom right, T10. (Geometrical
survey: Courtesy of R.T.C. di Colturato & Pedrini). The colours represent the wood species of each truss member: purple for larch; blue for oak; light
blue for poplar; green for ash; pink for chestnut.

The T9 truss underwent the most radical modifica- and nibbed scarf joint, reinforced with lateral plates
tions, perhaps after the breakage of heavy damage to its  and through bolts, and it is placed at a slightly higher
tie-beam, which has been, in fact, substituted. The new level than that of the other trusses in order to place the

tie-beam is made of two pieces connected with a keyed  wrought iron horizontal tie-rod, to which other two in-

Fig. 9. Modified truss of the first phase: T2 truss seen from the south-east. (Photo by Emanuele Zamperini).
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Fig. 10. Schemes of the structural behavior of the trapezoidal structure inside the Palladian truss (in red, the compressed members; in blue the
stretched ones): on the top, the structure without queen posts; in the middle, the structure with the queen posts; on the bottom, the structure with
queen posts and two struts for each of them. (Drawing by Emanuele Zamperini).

clined ties are fixed to reduce the thrust of the vault, but
maybe also to lift and detach the truss from the vault. In
this intervention, the truss was completely reconfigured,
giving the rafters a lower slope (to have the ridge at the
same height despite the tie-beam being at a higher lev-
el) and putting in place two struts to each of the three
posts, which are detached from the tie-beam and strain-
ing-beam. The ironware used to reinforce the scarf joint,
the tie-beam/rafter joints, and the straps that hang the tie-
beam from the three posts seem to date back to the early
decades of the 19th century [26] due to the coexistence
of tightening systems with metal wedges and with screw
bolts with square nuts, as well as for the fact that the
straps are articulated with rings of the type that make up
chains. In this case, the works were certainly carried out
by dismantling the structure of the two spans adjacent to
the truss, which are, in fact — as already described — made
differently.

The interventions carried out on the three most re-
hashed trusses show a detailed understanding of their
static behavior. The shortening of the queen posts and
their detachment from the tie-beam makes the internal

trapezoidal structure statically underdetermined; the sim-
ple addition of the straps would allow making the truss
statically determined again; however, they only allow
traction forces and therefore — like the simple supports
of the queen posts in the trusses of the first phase — a
unilateral constraint that concentrates in a single point all
the actions intended to stabilize the trapezoidal structure.
The addition of the struts to all the queen posts — block-
ing the amplitude of the angle between the lower rafters
and the straining beam — instead constitutes a different
system of stabilization of the structure, more effective, as
it does not use the flexural stiffness of the truss tie-beam,
which is rather poor given its remarkable span.

5.1. THE TIMBER USED FOR THE TRUSSES AND
ITS ORIGIN

For the construction of the trusses, mainly oak and larch
timber were used; however, there are some elements of
other wood species. The tie-beams are all made of larch
wood, both the original ones and that of the T9 truss,
which has been replaced and is made of two elements.
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The other elements are in the vast majority of oak, with
some exceptions: the southern rafter of T2, the three
posts and the two rafters of the T3, the two rafters of
the T4, which are made of larch; the straining beam of
the T6 and T9 which seem to be made of ash timber; the
struts added to the king post of the T6, as well as various
cleats and other secondary elements, which are made of
poplar. The cantilevers placed under the supports of the
trusses on the masonry deserve a different discourse: in
the trusses from T2 to T5, these are reused chestnut ele-
ments, characterized by the presence of painted candela-
bra decorations, generally on the lower face; in all other
cases, they are of oak wood.

Writing about the uses of wood from trees that grow
in the Cremona area, Capra mainly mentions oak as a
suitable wood for making beams and joists and poplar
only for joists; with regard to chestnut — although he
estimates its quality equal to that of oak — he mentions
only the use for the construction of barrels and other
containers, while for the ash he proposes the use only
for work tools or weapon shafts [22]. As for the uses of
wood obtained from trees that did not grow in the Cre-
mona area but could be found on the market (such as all
conifers), Capra instead refers to the treatise by Vincenzo
Scamozzi, some decades prior to his work, and substan-
tially coeval with the construction of the church. Writing
about larch, Scamozzi affirms that «it is admirably suit-
able for making beams and roofingy» [27].

In most cases, floors and roofs in the Cremona area
— and more generally in the lower Lombard plain — con-
temporary to or earlier than the Church of San Marcelli-
no confirm Capra’s indications, as they are made almost
entirely of oak or poplar wood; the presence of tie-beams
made with larch wood is, therefore, an unusual fact, per-
haps unique for the period. The reasons for this choice
are to be linked to the remarkable span covered by the
trusses, for which the woods of the Cremonese plain
were probably no longer able to supply timber of a suit-
able size [28] due to the progressive exhaustion connect-
ed to excessive consumption, slow growth of oaks, and
replacement of lowland forests with cultivated land.

Up to now, it has not been possible to find archival
documentation relating to the origin of the wood used;

however, the oak wood is probably of local origin; on
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the other hand, identifying the origin of the larch wood
is more complex. Scamozzi cites the cities of the Po
valley as a possible destination for larch wood coming
both from the middle part of the Alps («these mountains
of ours and [...] those of Grisons, and Switzerland») as
well as from the eastern part that separates Italy from the
Austrian regions. In the first case, timber could reach the
cities directly from the mountains through the left trib-
utaries of the Po (Ticino, Adda, Oglio, and Mincio) and
then through the Po itself; instead, in the second case,
it was transported through Adige, Brenta and Piave to
Venice and from there led to the Lombard cities going
up the Po. There is little information on the trade and
transport of timber in the central part of the Alps [28, 29].
On the contrary, many studies have been carried out re-
lating to the Veneto area, deepening technical, economic,
and social aspects [30-38]. After a first phase practiced
with very different techniques, depending on the specific
orographic conditions of the forest, the transport of the
timber started with the free-floating in the upper parts of
the river courses, narrower and characterized by greater
impetuosity and irregularity of the waters, to pass then
to the transport in the form of rafts in the great Lom-
bard lakes and the river sections in the plains, which are
broader and more easily navigable; in Lombardy, how-
ever, transport by boat was often preferred to transport in
the form of rafts [29]. These transport phases correspond
to particular operations that leave traces that can also re-
main on the timber in place: to avoid confusion or theft
of the free-floating timber; the logs were marked with
special marks, different for each merchant [39]; the float-
ing of the timber in the form of rafts, on the other hand,
involved assembling them by making holes in the trunks
and tying them by means of unstrung branches [40].
The original tie-beams of the church’s trusses — and
also some of the other elements of larch wood — keep
both holes that testify to its transport in the form of a raft
and transportation marks. The survey of these marks and
their comparison with the repertories of marks relating
to the eastern Dolomites [39], the only ones published
so far with a certain systematicity, while showing strong
similarities, did not allow for recognizing exact corre-
spondences and therefore to identify with certainty the

timbers provenance.
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Fig. 11. Trading mark on the west side of the tie-beam of the T7 truss. (Photo by Emanuele Zamperini).

On the western face of the southern part of the tie-
beam of the T9 truss — as already written probably dat-
ing back to an intervention of the early 19th century — it
is possible to read the word “NOGAI” engraved with
a scratch awl or a knife. A quick toponymic research
has made it possible to identify a place with this name
in the morainic amphitheater of Sebino in Franciacorta
[41], a short distance from the Oglio river, which may
have been used for the transport of timber up to a short
distance from Cremona, also through its derivations of
the Naviglio Civico and Naviglio Pallavicino.

6. CONCLUSIONS

The article summarizes the historical-constructional
study of a remarkable example of a timber roof built
in the Lombardy area in the 17th century, addressing it
from the point of view of the history of the institutions
that determined its construction and maintenance and
of the construction history and technique. The singular-

134

ity of the size of the covered space in the context of the
city of Cremona makes it unique (not only for the time
in which it was built), both in terms of the construction
techniques used and for the need to procure non-local
timber.

The constant comparison of the bibliographic and ar-
chival data with that of the real and present consistency
of the artifact, its construction techniques, wood species,
and decay has allowed the understanding and interpreta-
tion of the construction and maintenance acts, framing
them in the more general social and economic context
of the time and not only: the investigation made it possi-
ble to define a construction history that was not confined
only to the construction site, albeit developed in two
phases, but also to the numerous, and sometimes minute,
maintenance works that involved the roof, over a period
of four centuries.

The collection and interpretation of the data derived
by the survey and knowledge of the building through-

out its existence is an essential basis for further inves-
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tigations (analytical checks on the state of conservation
of the wood, analysis and assessment of the structures,
definition of an overall structural model...) aimed at a
coherent conservation project, for the purpose of the
building protection and a controlled structural improve-

ment.
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