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ON HISTORICAL TIMBER STRUCTURES:

THE ROOF OF VALENTINO CASTLE

Clara BERTOLINI-CESTARI*, Stefano INVERNIZZI?, Tanja MARZI®, Antonia SPANO*

ABSTRACT

The paper analyzes a series of reinforcement interventions performed on the historical timber roof
structure of the Valentino Castle in Torino (Italy) some thirty years ago. It is not very common to be
able to assess the durability of interventions without relying to accelerated ageing test. In this case
a real structure is considered, which was consolidated by one of the authors (C. Bertolini) in the past.
Recently the laser scanning survey has strengthened a relevant interest in sectors as monitoring and
static assessment of building structures. The high detailed models which is possible to reach, and the
chance to foresee the accuracy and the resolution of surface models, make them particularly adaptable
for studies concerning conservation and maintenance of cultural heritage. The laser survey models is
compared with the documentation of the intervention fulfilled three decades ago, in order to evidence
the general safety level of whole complex. The fully three-dimensional geometrical information is
input in the finite element code, and a structural model is presented which is able to account for the
positive contribution of the roof planking connected above the main truss frame. Both the original
planking and the reinforcing planking, put in place some thirty years ago, have been accounted for,
considering different degrees of the connection stiffness.

The paper, starting from the original design, presents an assessment of the durability of the adopted
techniques according to the present situation. The effectiveness of the past interventions is proved by
nowadays survey, NDT investigations and numerical simulations.

Keywords: laser scanning survey, finite element modelling, timber reinforcement, cultural
heritage

1. INTRODUCTION

1.1. Historical background

The Valentino Caste is located in the centre of the Italian city of Turin, facing the Po riverside. The
origin of the building dated back in the 17" century and its the current structure is due to
Princess Christine Marie of France (1606-1663), wife of Victor Amadeus I, who dwelt here from
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1630 as she wanted a castle following in style the castles built in that period in France. Therefore the
architecture of the castle is inspired by the French principle of the pavilion system, with four towers at
each angle, and a wide inner court (Figs. 1-2).

Fig. 1 Valentino Castle in Turin nowadays Fig. 2 View of the Valentino Castle
(photo T.M.) (drawing F. Corni, 2012)

1.2.  The timber roof structure

The timber roof structure of the towers has three-dimensional organization. More precisely, in the
transversal direction, it is constituted by four great trusses and two small trussed at the ends. The
pitch is strongly inclined. In the longitudinal direction of the timber structure is composed by the
ridge, five series of purlins and by three orders of frames overlaid with stiffening functions
(Figs. 3-4). This structural complex is firmly secured to the covering planks that support the tiles of
black stone [1, 2].

9 %. h‘ & ;

Fig. 3 Scheme of a truss and its Fig. 4 Inner view of a tower (photo C.B. 1986)
components (drawing C.B. 1986)

2. MATERIALS AND METHODS

2.1. Past interventions (1980’s)

In the late 1980s a conservative action was needed because a scarce maintenance through the years
had caused damage which could have compromised the conservation of this timber structure.

During the restoration a particular caution was needed because of the historical relevance of the
building as an UNESCO listed site and in order to preserve as much as possible the original
carpentry.
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2.1.1. Geometrical survey

The geometric survey was carried out carefully in order to understand the structure, the types of
connections and each assembly step. There was a particular focus on some assembly marks dating
back at the time of the building site which allowed the identification of the original components from
those replaced later (Figs. 5, 6, 7).

Fig. 5 Abacus of timber joints (drawing C.B. 1986) Fig. 6 Timber joints Fig. 7 Assembly marks
(photo C.B.)

2.1.2. Wood species

The test that were carried out (macroscopic and microscopic) on the main elements of the roof system

have provided the following results:

— wooden elements constituting main timber structure (truss, beams, rafters, pillars, etc..) are in
Larch (Larix decidua Mill.)

— planks put in place in 1960's are in European Spruce (Picea excelsa Link) [3]

2.1.3. Dendrochronological analysis

For the dendrochronological analysis samples were collected from the Laboratory Dendrodata of
Verona and it was possible to determine the age of the trees from which they derived. Most of the
members date back to 1620-1623, historical additions were realized in 1785 and 1960 [4].

2.1.4. In situ assessment

The diagnostic investigation carried out in the 1985 allowed a depth analysis of the state of
conservation of wood material and different stage of bio deterioration were identified. There were
structural disconnections due both to deformation and to shrinkage. It has been assessed biotic decay
due fungi and insects that occurs with different levels depending on the wood species.

Figs. 8-10 Biotic decay due to due fungi and insects (photo C.B. 1986)
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