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ABSTRACT The experimental replication of stucco provides understanding of the techniques used to 
make sculptural decorations by the famous 17th-century artists coming from the Italian part of Switzerland. 
Mortars consisting solely of lime, sand and water can deform under their own weight, and are not ideal for 
fine modelling. Among potential additives widely used by plasterers, the current experimentation focuses 
on the introduction of varied proportions of gypsum (calcium sulphate dihydrate), and the way preparation 
processes influence the working properties of a plaster, including its plasticity and setting time. Historic 
manuals and treatises, archival research, and scientific analyses offer preliminary information, but only ex-
perimental replication enables empirical evaluation, leading to deeper understanding of the complex factors 
accounted for by artists in designing and working with stucco mixes to achieve their intentions. Among oth-
er observations, the experiments disprove the common assertion that gypsum-additive plasters are no longer 
workable under conditions of advanced setting. On the contrary, the lime-sand-water-gypsum mixture can 
be remixed and rehydrated during the setting phase, rendering a soft and plastic clay-like compound with 
a long setting time, enabling modelling of even the most complex and subtle details. Through experimen-
tation, we can better appreciate the profound knowledge of these artists, able to continuously adapt their 
materials in each phase of sculptural execution. Through years of practice they learned to master a difficult 
material, and in the Baroque period, applied their knowledge and skill in new forms of artistic expression.

Ticinese stuccos: the rationale for replication 

The recent research project, The Art and Industry of 
Ticinese stuccatori from the 16th to the 17th century,1 
carried out by the Institute of Materials and Construc-
tion (IMC), University of Applied Sciences and Arts of 
Southern Switzerland (SUPSI), included the activity of 
producing stucco replicas, for better understanding of 
historic working methods and to contribute to the liter-
ature on art technology. The overall aim of the project, 
financed by the Swiss National Science Foundation, 
was to analyse and report on the techniques and artis-
tic processes of the highly skilled stucco-makers of the 
Ticino (Southern Switzerland), who worked throughout 
Europe on some of the greatest construction projects of 
their time, but also created superb works in their home 
territories. One of the specific objectives was to under-
stand whether the master stuccatori followed a common 

modus operandi or whether each ‘family’ may have 
worked in their own established methods. Taking an 
interdisciplinary approach, the project combined hist-
oric and archival research, examining materials such as 
contracts and invoices, with direct observation of the 
works and materials analysis and characterisation (Jean 
et al. 2020). 

Technical and materials analyses were conducted on 
more than 20 stucco decorations by different artists, 
from locations between Lugano and the Italian border. 
Among these, the works of Agostino Silva (born Mor-
bio Inferiore, 1628–1706), are notable for their evident-
ly impromptu execution with spontaneous but precise 
movements, on sculptural foundations already protrud-
ing from the walls, which fixed the artist’s gestures into 
the fresh stucco plaster (Figs. 1–2). Better knowledge 
of the processes of creating these impressive works 
would inform the art historical and art technological 
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records, support their conservation, and add to public 
enjoyment. The development of full understanding, 
however, required that we replicate the creative process, 
striving to follow the artist’s exact working methods. 
Only through experimentally ‘re-making’ the sculptures 
could we elucidate the knowledge of this stuccatore: 
how he used proportions and quantities of materials to 
achieve the right mortar compositions for modelling the 
figures, adding layer upon layer of material, in a wide 
range of contexts. 

The replication work was based in part on non-de-
structive reverse engineering of sculptures executed 
by Agostino Silva between 1669 and 1675 for the Ora-
tory of Villa Imbonati in Cavallasca, in the province 
of Como, Italy (Fig. 3). The deteriorated condition of 
these works permitted detailed observation and analysis 
of the succession of mortar layers from the supporting 
framework to the finishing plaster (Dottore 2018; Fe-
lici et al. 2020). The Ticinese stuccatori project also 
included preparation of other replicas as teaching ex-
ercises, educational instruments, and samples for test-
ing consolidation materials and methods.2 This article 
describes only the replicas made for understanding the 
working methods of the stuccatori.

Fig. 1 Morbio Superiore, Oratory of S. Anna, Agostino and Gianfrancesco Silva, 1705. (Image: SUPSI L. Aliverti)

Fig. 2 Morbio Inferiore, Santa Maria dei Miracoli, St. 
Joseph chapel, A. Silva, 1660-1670. (Image: SUPSI G. 
Jean)
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Artistic materials of the stuccatori

The art of stucco making involves use of different prepa-
rations of soft mortars and plasters, added in successive 
layers. The basic scheme seems simple: one or more 
ground layers, consisting of lime, sand and water, are 
followed by a finishing plaster of lime, marble powder 
and water (Gapper 1999). For works anchored on walls 
or vaults, the artist must first prepare a substructure, in 
wood, metal or bricks. The typical fresh mortar, howev-
er, consisting simply of sand, lime and water, is not an 
ideal material for forming three-dimensional projecting 
statues, as it is not sufficiently plastic for ease of work-
ing, but tends to deform under its own weight, It can 
also crack as it dries. The solution to these limitations is 
to vary the proportion of the basic ingredients and/or use 
additives, to achieve ground and finishing plasters with 
the necessary characteristics. Stucco-makers are known 
to have used mineral, animal and vegetable substances 
as additives, including gypsum (calcium sulphate di-
hydrate), oils, casein and soap. The choice among 
these materials would have depended on the technical 
needs for a specific plaster, such as better modelling 
(achieved, for example, by reducing the amount of wa-
ter), longer or shorter setting time, greater mechanical 
strength, or a particular aesthetic appearance, such as a 
glossy or matt finish.3 The studies on stucco workers ac-
tive in the Lugano and Como regions have shown that, 
through their years of training, each developed a unique 
and sophisticated skill set, enabling them to prepare 
the materials for a specific case, including the desired 
formal and material objectives. Some stucco workers, 
such as Gian Battista Barberini (born Laino, Val d’In-
telvi, 1625–ca.1691), tended to imitate sculpted marble. 
Others, including Agostino Silva, were more attentive 
to compositional structure, with the aim of conveying 
conceptions of lightness and movement. Beginning 
with only a few basic ingredients, and drawing on their 
knowledge of additives, they could create mixes with 
the appropriate properties, including working times, for 
the intended results. Their technical know-how also en-
abled them to deal with the differing availability of raw 
materials and other worksite contingencies, including 
varying conditions of temperature and moisture. 

Direct observations of many of Agostino Silva’s 
works, materials analyses, and archival research on the 
sites where he worked, reveal the complexity and impor-
tance of the plaster preparations (Caroselli et al. 2019). 
The payment records from the sites where Silva worked 
document the purchase of large quantities of gypsum, 
which was readily available in the vicinity of Lugano 
(Caroselli et al. 2019; Caroselli et al. 2020). Laboratory 
analyses conducted on 113 samples have confirmed the 
widespread use of this binder as an additive, especially 

in the lower ground layers of three-dimensional plastic 
elements and more sporadically in architectural decora-
tions. Analyses have shown that even in a single mor-
tar layer, the amount of gypsum is never homogeneous, 
and can vary even within the same area, as if the artist 
had modified the base mixture continuously, depending 
on his constructive and expressive needs. In the Ora-
tory of Sant’Anna in Morbio Superiore, the percentage 
of gypsum varies from around 20% in the mortar close 
to the iron substructure to 7.6% in the outermost body 
layer, and it is completely absent in the finishing plaster. 
A similar situation was observed in Castel San Pietro, 
where the analyses even revealed a sample of mortar 
composed almost exclusively of gypsum in direct con-
tact with the substructure (Caroselli et al. 2019). 

The correct use of gypsum can be essential to the 
sculptural work of the stuccatore. The addition of gyp-
sum makes the mortar faster setting, meaning that by 
dosing it correctly the sculptor can shorten or prolong 
the plastic stage of the fresh mortar, while in the dry-
ing phase it reduces shrinkage, thus reducing the risks 
of cracking of the stucco. Francesco Silva (born Mor-
bio Inferiore, ca.1580–1643), Agostino’s father and the 

Fig. 3 Cavallasca, Como, Oratorio Imbonati, A. Silva, 
ca. 1669–1675. (Image: SUPSI L. Aliverti)



110

GIACINTA JEAN, ALBERTO FELICI, GIOVANNI NICOLI, MARTA CAROSELLI, STEFANIA LUPPICHINI

founder of the artistic workshop, had already used spe-
cial mixtures containing gypsum that could be modelled 
like clay and render finishing effects similar to sculpt-
ed marble.4 He had also understood the importance of 
gypsum in achieving a denser mortar, more resistant to 
deformation during the working processes (especially 
when damp conditions hindered drying), which would 
maintain the freshness of the sculptural gesture without 
the surface ‘crumbling’ during heavy reworking. Other 
contemporary stuccatori, including Alessandro Casella 
(born Carona, 1596 to1657) had also learned the poten-
tial benefits of gypsum, and used it extensively, but it 
was only with Agostino that we arrive at such a happy 
synthesis of material and form. Compared to his father, 
Agostino used the mortar in a different compositional 
manner, for ‘spur of the moment’ creation of three-di-
mensional figures, fully expressing the artist’s inspira-
tion and improvisational capacities. 

In seeking to understand the uses of gypsum in sculp-
tural stucco decoration, the reference to historical ar-
tistic literature is not particularly helpful. Firstly, there 
is no evidence that the Ticinese plaster-workers were 
familiar with the treatises of Vasari (1550), the Daniele 
Barbaro translation of  Vitruvius (1556) or Vincenzo 
Scamozzi (1615).5 Instead, the transmission of knowl-
edge took place in the workshop and on the building 
site, without reference to treatises, directly from master 
to pupil. Nor did the Ticino artists look to the ancient 
Roman tradition  for technical or formal inspiration, but 
rather they sought their own techniques, capable of an 
expressiveness comparable to that of other sculptors of 
the Baroque. 

Secondly, among the treatises discussing plaster 
preparation that are closer to our geographical and tem-
poral context, we find that the use of gypsum was actu-
ally discouraged (Arcolao 1998). One of the rare refer-
ences to the use of this material is found in a description 
by Pietro Cataneo in 1567 (Bassi 1985), on how some 
plasterers “pigliano giesso stato nel forno caldo bene 
spolverizzato di mano in mano quel quantità, che sia di 
bisogno a fare conveniente pasta (… take gesso, well 
powdered in a hot furnace, in that quantity from time to 
time needed to make a good plaster)”.6 Another is in the 
treatise of Scamozzi, where gypsum is considered “very 
necessary” for making stucco.7 Subsequent to these two 
important documents, the use of gypsum would next be 
described only 200 years later, by Francesco Carradori 
(1802), in a formal neoclassical context very different 
from the Baroque one.8 Therefore, despite the fact that 
gypsum was widely used by the Ticinese plasterers of 
the 17th century, we have no commentary on the true 
practicalities or advantages of this use. 

Replica of a three-dimensional decoration

By executing replicas in the laboratory based on reverse 
engineering the surviving works, we aimed to answer 
questions such as: how much gypsum should be added, 
and when; for what potential purposes; depending on 
which parameters? We anticipated that the experimen-
tal results from use of different mixtures would assist 
in better understanding what can be observed in situ 
more than materials analyses, which although they may 
accurately characterise the constituent materials and 
their proportions, do not reveal how these were used 
in practice. In fact, it was already apparent that what 
we were observing in the sculptural object was strongly 
influenced by working procedures that defy identifica-
tion, such as the time sequence of operations, the ways 
of handling the materials, and the introduction of small 
quantities of certain ingredients, not readily detected  by 
analysis. 

Gypsum is a material with highly variable properties, 
and therefore with potentially different influences on 
the characteristics of the plaster, including the setting 

Fig. 4 Samples of plasters of sand, lime and water with 
different percentages of gypsum, for observation of set-
ting time. (Image: SUPSI S. Luppichini)

Fig. 5 Replica of an angel with trumpet. (Image: SUPSI 
S. Luppichini)
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times. Gypsum-modified plasters can then vary with the 
processing characteristics and subsequent handling of 
the raw mineral, its geological origin, the firing tem-
perature, the time elapsed between production and use, 
the speed of mixing for the plaster, and the tempera-
ture of the water (Turco 1990). Given this variability, 
and considering the remaining gaps in knowledge, we 
determined to prepare two three-dimensional statues 
and accompanying mortar samples, of known compo-
sitions, for observation of their behaviour and evalua-
tion of their working properties (Figs 4–5). Our general 
aim was to improving our understanding of the ways 
the Ticinese stuccatori varied their mortar recipes in 
view of the artistic and technical requirements of their 
intended work. 

The replicas were executed by Giovanni Nicoli, 
whose qualifications as conservator-restorer and stuc-
co artist ensured the necessary sensitivities for both 
observation and recording of the phenomena encoun-
tered during the experimental work, correct understand-
ing of the solutions and expedients necessary to solve 
the problems encountered, ultimately arriving at the 
desired formal and technical objectives, including by 

lengthening and shortening the working times, applying 
substantial thicknesses of stucco in rapid succession or 
working in only thin layers, and adapting the materials 
to the climatic conditions. 

The replicas were executed using an additive-free 
gypsum supplied by Lages S.p.A., fired at 128 °C in 
their Pisogne factory in Brescia,9 and a slaked magne-
sium aerial lime (Mg(OH)2 + Ca(OH)2 as widely used 
in Canton Ticino and in almost all the works examined, 
fired at low temperatures and aged 60 months. The 
choices of qualities in the raw materials were aimed at 
affinity between the replica materials and those of the 
original production, however the production cycles and 
therefore the basic characteristics of the modern mate-
rials are substantially different from those used in the 
17th century (Vecchiattini 2003; 2009: 119–121). 

The first step was the installation of a substructure 
on a vertical masonry wall, similar to those observed in 
the case studies, constructed by riveting together thin 
rectangular-section metal struts and to this adding iron 
wire (Fig. 6). The mortar for the body layers was pre-
pared using one part magnesium lime, two parts Ticino 
river sand (grain size 0–4 mm) and approximately 20% 

Fig. 6 Angel with trumpet: substructure. (Image: SUPSI 
S. Luppichini)

Fig. 7 Angel with trumpet: body mortar for a wing. 
(Image: SUPSI S. Luppichini)

Fig. 8 Angel with trumpet: shaping detail of the wing. 
(Image: SUPSI S. Luppichini)

Fig. 9 Angel with trumpet: finishing of the wing. (Image: 
SUPSI S. Luppichini)
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water, with additions of gypsum hemihydrate in propor-
tions varying from 25% to 2%. The quantity of gypsum 
depended on the stage of progression of the body form, 
the thickness or thinness of the modelling necessary, and 
its projection with respect to the wall and substructure. 
An addition of 25% gypsum provided a mortar that set 
in about 10 minutes, enabling rapid modelling of large 
volumes without deformation, so as to quickly obtain 
the basic sculptural form (Fig. 7). Setting time can be 
reduced from 10 to 3 or 4 minutes by agitating the plas-
ter with a power mixer. In the second ground layer, an 
addition of 5% gypsum achieved a plaster that remained 
workable for about 15 minutes, enabling good definition 
of the sculptural volumes (Fig. 8). Apart from the per-
centage of gypsum, setting time also depends on factors 
such as the mineral origin, temperature of heating of the 
gypsum, its ageing, water temperature, and above all 
the mixing of the plaster (greater mixing induces fast-
er setting). In the third and last layer, the gypsum was 
decreased to 2%, achieving a working time of about 30 
minutes, well-suited to execution of the details. The dif-
ferent ground layers were applied in quick succession, 
fresco su fresco. The finishing plaster consisted of 1 part 
lime, 2 parts Musso marble powder and 3% gypsum, 
applied in a single layer over the still soft ground mortar 
(Fig. 9).10 During this process we observed that the use 
of Musso marble powder achieves better workability 
than is possible with powdered Carrara marble, which 
absorbs little water and tends to yield “dry” mixtures. 
Most of the experimentation conducted thus used the 
powder ground from stone obtained directly from the 
Musso quarries of the Lake Como region. Application 
in this manner proved essential for achievement of nat-
ural volumes, through working both the finishing and 
underlying layer together. The finishing layer remained 
workable for 3–4 minutes before curing, compared to 
a workability of about 6 hours without the addition of 
gypsum, which in that case required maintenance of 
damp conditions in order to reduce the risks of cracking. 

The addition of more than 25% gypsum to the first 
ground layer, in the hopes of avoiding slumping, re-
quired precautions to avoid triggering the setting phase, 
rendering further working impossible. It was also ob-
served that a mortar containing 25% gypsum resulted 
in a setting time too short for successful execution of 
the serial elements of cornices, such as flowers, and the 
egg and dart pattern. For the cornices, the percentage 
of gypsum had to be limited to an amount that would 
permit at least 10 minutes of fairly easy surface working 
using a metal running mould. 

While we observed that the addition of gypsum was 
very important for speedily fixing larger masses of mor-
tar in the execution of the base structure, it became an 
impediment for modelling the details, unless the plaster 

was rehydrated or remixed as soon as the setting phase 
began. This procedure substantially changed the prop-
erties of the plaster. The addition of approximately 3% 
water to a mix containing 5% gypsum extended the cur-
ing time by more than 3 hours.11 The plaster remained 
soft and workable, but also dense. The mortars contain-
ing 2% gypsum, on the other hand, could be vigorously 
stirred during the hardening phase without the addition 
of water, thereby obtaining a very malleable mixture, 
with plastic qualities similar to clay, which could still 
be worked after 12 hours. The qualities of this prepara-
tion enabled execution of even the smallest decorative 
details, such as fine leaves and small pearls. 

The experimental production of replicas provided in-
depth empirical experience and knowledge of the tech-
nical and artistic aspects of lime and gypsum mortar 
mixes in sculptural stucco work, not described in any 
known source and not fully understood on the basis of 
analytical data alone.12 

Conclusions

The production of replicas enables better understand-
ing of the material heritage of the Ticinese stuccatori. 
We now know that the extraordinary expressive results 
achieved by some of these artists depended on their 
learned ability to modify their working materials, adapt-
ing them to the needs of a given technical and artistic 
objective and environmental context. In particular, the 
stucco workers used gypsum in different percentages 
and worked the plasters differently, taking into account, 
among other considerations: the working phase, from 
ground to finishing layers; characteristics of the raw 
materials (e.g. heat of dehydration of the gypsum, and 
its ageing); environmental conditions (e.g. temperature, 
humidity, moisture); mixing procedures (e.g. stirring 
speed, water temperature, rehydration, remixing); the 
time required for the specific task; and the desired final 
appearance. 

Through experimentation we came to understand that 
gypsum can be used not only to hasten setting times 
and reduce shrinkage, but also to achieve mixtures with 
greater workability, rendering an extremely plastic stuc-
co with qualities similar to modelling clay. By varying 
the gypsum quantity and mixing procedures, the artist 
could obtain a stucco that set very rapidly, useful for 
example in forming the underlying body; or a highly 
plastic material with a long setting time, for execution 
of the finest details. We can better appreciate the great 
experimental advances made by the Ticinese stuccatori, 
as they pushed their accumulated skills and knowledge 
still further, mastering a complex, composite and highly 
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variable material for the new purpose of creating sculp-
tural works that literally “emerge from the wall”. 

As historians, conservator and technicians, we now 
understand the impossibility of specifying a standard 
stucco recipe. The stucco master must adapt this dy-
namic material continuously, depending on a multi-
tude of factors. No mortar is intrinsically good or bad, 
right or wrong, instead it all depends on the context and 
sculptural objectives. Looking back from the current 
era, we will never be able to simplistically associate 
certain artists with certain recipes, although with this 
new knowledge we can better interpret the results of 
materials analyses. In particular, we have solved the 
puzzle of why analyses have often given indications of 
different compositions on areas that are immediately 
adjacent. Moreover, it is not true, as we often read in 
the literature, that the setting of the plaster renders it 
unusable. On the contrary, the solidifying material can 
be rehydrated or remixed to render a compact materi-
al of long-lasting plasticity, enabling precise and rapid 
sculptural work. 

Experience and the accumulation of empirical knowl-
edge were evidently fundamental to stucco artists, en-
dowing them with the ability to gauge a series of highly 
variable factors and apply these in their choices in pre-
paring and working their materials, essential to achieve-
ment of their final work with all the desired qualities. 
By changing the plaster formulation, controlling the 
proportions of the mix, plasterers also controlled the 
setting times to suit their expressive needs. Once the 
material was prepared, however, the artist had to respect 
the planned times: delaying too long to use the material 
or not waiting long enough would have led to unsatis-
factory forms and evident surface irregularities. 

Finally, we would like to note that the current exper-
imental replication did not deal with the role played by 
organic additives, which remains an interesting subject 
for future research.

Notes

1. See http://p3.snf.ch/project-160092.   
Project team: Giacinta Jean and Alberto Felici, coordi-
nators; Lucia Aliverti, historical and archival research; 
Giovanni Nicoli, technical analyses; Stefania Luppi-
chini, data management; Marta Caroselli and Giovanni 
Cavallo, materials analysis.

2. Videos were made showing the execution processes for 
various decorative elements, for examples, see Tecniche 
artistiche storiche at https://www.supsi.ch/dacd/bache-
lor-master/conservazione/video.html.

3. The current study did not include systematic research on 
the use of organic additives in stucco, see Arcolao and 
Dal Bo (2001).

4. Francesco Silva was also known for his abilities in 
working with clay, see Gavazzi Nizzola et al. (1972).

5. There are no known inventories of the possessions of 
Ticino stuccatori. For Giuseppe Rusnati (1647–1713), a 
sculptor trained in Rome and known to have worked in 
stucco, we have the list of his books. Among these are 
the texts of sermons, lives of saints, the Iconologia of 
Cesare Ripa, poems, books on the wonders of Rome, but 
no artistic treatises (Casati 2013).

6. Cataneo (1567), see Lib. II, cap. XI, 64.

7. “To make the plaster it is very necessary to use stucco, 
mixed with marble powder and lime and glass powder, 
which composition has a very solid take and accepts a 
lot of polishing and shine. The choice must be of best 
gypsum, well crushed and sifted as fine as flour to make 
the mass, and it must be used freshly made, and imme-
diately soaked because gypsum hardens quickly” (trans-
lation by the authors of Scamozzi (1615), Lib.II, cap. 
XVII, 225).

8. The “gesso da formare” must be added to the lime and 
fine sand to “help it set more quickly and connect the 
work more solidly” (Carradori 1802: 20). Gypsum was 
also used to coat iron substructures. The early 19th-cen-
tury treatise of French architect J. B. Rondelet also noted 
the use of gypsum (Arcolao 1998: 139 ff).

9. See http://www.lages.biz/en/.

10. The recipies  of Vasari and Cataneo suggest a mortar 
of two parts lime and one part marble powder (Arcolao 
1998).

11. Historic treatises and manuals rarely mention the amount 
of water that was used, and its quantification by materi-
als analysis is difficult.

12. On the reworking of mortar containing lime and gypsum 
the only reference found is Karni (1995).

http://p3.snf.ch/project-160092
https://www.supsi.ch/dacd/bachelor-master/conservazione/video.html
https://www.supsi.ch/dacd/bachelor-master/conservazione/video.html
http://www.lages.biz/en/
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