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rectangular pieces. In the current paper, by means of an elementary Wrinkler-type beam
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1. Introduction

The use of stone architraves belongs to the architectural heritage of many traditional buildings in Abruzzo, Italy. Their use
is now confined to restoration works, since masonry is considered obsolete for new buildings.

The architraves, which are widespread in Abruzzo (Italy), have two main configurations, Fig. 1: a standard one, i.e. a
monolithic element spanning from one support to the other and the so-called a tasselli configuration.

Varagnoli [1,2] was the first to introduce such nomenclature a tasselli, to intend the disarticulation of stone lintels
into three parts: a central one, resting on the piers, roughly for one third of their sections, and two extreme pieces the
tasselli.

In this paper, the authors will refer to the architave a tasselli as to the Piece-Type (PT) architrave. It may be difficult to
understand why the architraves, belonging to the second configuration, are widespread in earthquake-prone areas [3-6,21]:
an adequate toothing of the architraves inside the masonry should be an important requirement for spandrels-piers frame
interaction under earthquake [7-9].

Actually, hundreds of examples of similar architraves can be found in Abruzzo, Fig. 2. The use of the PT architraves is a
technique difficult to date, many examples are evidenced from mid-1700s buildings, up to the early 1900s, Fig. 2 [10-12].
In this paper an elementary mathematical model representing the PT architrave is proposed, then it is attempted to
understand the physical reasons supporting the peculiar disarticulation of stone lintels into three sub-elements.
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Fig. 1. The main geometric configurations of architraves in Abruzzo, (a) an architrave a tasselli, (b) a monolithic architrave.

2. Methods and mathematical model

An 2-D elementary analytical model of the architrave standing on its piers is proposed, Fig. 3. The block spanning the
opening is treated as an Euler-Bernoulli-type beam [14,16], while the two portions standing on the piers as Winkler-type
beams [13,15].

The choice of the c coefficient, Winkler's constant, expressing the subgrade's stiffness [17,18], is the key of the current
paper: ¢ depends on the interaction between stone and stone, architrave and piers, that is between two homogeneous
surfaces (Fig. 4).

Many factors may concur to the definition of an equivalent elastic constant: from the surface roughness, to the quantity
and quality of the mortar between lintel and piers, to the elastic properties of stone, to three-dimensional effects, not to
mention load-histories dependencies and other factors difficult to confine within the theory of elasticity. In Eq. (1), the
considered factors are resumed:

¢ =f(Es,Em,s, ps, D3, €) (1)

E,, Young modulus of the stone; E,,,, Young modulus of the mortar; s, equivalent thickness of the surface roughness; ps,
equivalent density of the surface roughness; D3, 3-D effects; e, other factors.

Given the complexity in the definition of c, its estimate may derive from rough dimensional considerations: if the elastic
subgrade, which c represents, is a layer with thickness s and modulus of elasticity E, its stiffness is E/s. c is, in fact, a force [F]
over a length's cube [F/L?], so the estimation of c may be achieved by dividing the Young modulus E for an equivalent length s,
Eq. (2).

c=< @)

E, Young modulus; s, equivalent thickness.

The elastic interaction between piers and lintels may be synthetically expressed by an equivalent layer,
corresponding to the roughness of the two facing surfaces: E identifies the modulus of elasticity of the surface roughness,
while s the corresponding equivalent thickness. The roughness between piers and lintels may act, in fact, like uniformly
distributed elastic springs. The stone aggregates too, belonging to the thin mortar layer between lintel and pier, may behave
like a uniform elastic medium characterized by its mean thickness and the Young modulus (E; = E! Eq. (2)) of the aggregates.

The physical meaning of c is so founded on the roughness of the facing surfaces of lintels and piers. A parametric analysis
is now carried out, assuming different values of s. From Eq. (2), assuming the Young modulus of the beam E; equal to that of ¢
in Eq. (2), the equivalent lenght of the Winkler-type beam [14] depends on the sole inertia I and the s parameter.

E 1/4
A= 2nH = 27r[ls]"/* 3)

A, characteristic length of Winkler equation; I, cross section inertia.

The elastic problem is summarized in Table 1, listing for each beam portion, according to notation in Fig. 3, the
corresponding differential equations as well as the respective boundary conditions in terms of the displacement
variable v.

Noteworthy, given the same s H (lintel span) and L (lintel height), the results are not load-dependent, see Eq. (4) and (5).

P(x) = V'(x)
T(x) = —EIV"(x) (4)
M(x) = EV"(X)

! Eg=Eqone is the beam Young modulus, while E is the one defined in Eq. (2).
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Fig. 2. Examples of the PT architrave. The red lines highlight the dis-articulation of the architrave into three elements, the block spanning the opening and
the two lateral pieces.
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Fig. 3. Structural sketch of the PT architrave.
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Fig. 4. Enlarged scheme of the contact surfaces of piers and architrave.

Table 1
Description of the mathematical model of the PT architrave.
A-B EWW(x)+p=0 Vi(A) =
v1 (x)=vertical displacement Vi'(A)=0

x= beam's axis abscissa
E=Young's modulus
I=Section's inertia
p=vertical load
c=Winkler constant

B-C Bernoulli equation ENVY(x) +p=0 v1(B) =
v, (x)=vertical displacement vi(B) =
E=Young's modulus Vi(B) =
I=Section's inertia v{'(B) =
p=vertical load vy(C) =
c=Winkler constant vy (C) =
v3(0) =
V(€)= v
Cc-D Winkler equation EVY(x)+p=0 v5(D) =
v3(x)=vertical displacement vy (D) =

E=Young's modulus
[=Section's inertia
p=vertical load

c= Winkler constant
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Fig. 5. Qualitative trend of the solution of equations in Table 1, in particular (a) the displacement (b) the rotation (c) the shear and (d) the bending moment.

@(x), rotation of the beam cross section; T(x), shear; M(x), bending moment.

v(x) p(x) T(x) M(x)
o | =JELH) (5)

s, equivalent thickness of the surface roughness; L, Lintel span; H, Lintel height.

The three variables s,H and L are used to perform a parametric analysis in Eq. (5).

In Fig. 5, the general trend of the results terms of displacement (Fig. 5(a)), section rotation (Fig. 5(b)), shear (Fig. 5(c)) and
bending moment (Fig. 5(d)) is shown.

Since the bending moment depends on the s, L and H variables, different ratios k, between maximum and minimum
bending moment (M4« and M,,;, respectively), are estimated, Eq. (6) and Fig. 6.
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Fig. 6. Graphical representation of the variables involved in the parametric analysis.
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Fig. 7. Parametric analysis of the t(L) (a) and k(L) (b) functions for 6 different values of H, assuming s =5 mm.

k, bending moment ratio; My, maximum bending moment in the (B — C) beam portion; M,,;,, minimum bending moment
over the beam supports (A — B) and (C — D).

The position X, of My, depends on the same s, L and H parameters, Fig. 6.

The ratio, t, Eq. (7) between the position of the minimum bending moment with respect to point A and the width of the
supports is so defined, Fig. 6:

_ Xmin
=" o)

t, adimensional position of the minimum bending moment; X;,,;,, position of the minimum bending moment with respect
to point A.
In the following section the k and t ratios are estimated for different values of s, L and H.

3. Results

A parametric analysis of the k=k(s, L, H) and t=t(s, L, H) functions is carried out.
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Fig. 8. Parametric analysis of the t(L) (a) and k(L) (b) functions for 6 different values of H, assuming s=1 mm.

Assuming 3 different values of s (5 mm, 1 mm and 0.5 mm respectively), the k= k(L) and t = t(L) functions are plotted for
6 different values of H. In particular, Fig. 7 refers to s=5 mm, Fig. 8 to s=1 mm while Fig. 9 to s=0.5 mm.

From Fig. 3-5, an increase in the elastic medium rigidity (c) does not sensibly affect x,,;;, values, determining important
excursions of the k factor.

For values of s sufficiently small and increasing values of L and H, the bending moment over the supports (M) is long
greater than the corresponding M, value.

In the curve in Fig. 9(b), although extorted for H and L values incompatible with the static safety of the architrave, the k
factor reaches values greater than 1.5.

e Assuming the Maximum Normal Stress Theory [19] as Resistance Criterion, it is more likely that the architrave breaks over
the supports rather than in the middle span, as c and L increase while H decreases. This may be evidenced by some broken
architraves in Fig. 10.

e The position of the minimum bending moment (x,,;;,) does not strongly depend on the three parameters s, L and H. It shows
a modest increase, when c and L decrease and L increases (t € {0.85 — 0.95}).
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Fig. 9. Parametric analysis of the t(L) (a) and k(L) (b) functions for 6 different values of H, assuming s =0.5 mm.
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Fig. 10. Examples of monolithic architraves showing cracks over the supports.

In real stone architraves, many causes may concur to its cracking, even more to the crack localization.
For some values of ¢, L and H, if the uniform load p is large enough, it may be very likely, according to the proposed model,
that the crack is located by the supports, rather than in the middle span of the beam.

4. Conclusions

Under particular geometric, constraint and loading conditions, it may be more likely that stone lintels will crack by the
supports, rather than in the middle span.

This phenomenon surely does not endanger the statics of a building (vertical loads), nevertheless it may cause
unsightly lesions, greatly reducing the due toothing of the architrave into the masonry for seismic safety purposes.

The observation of these cracks probably aroused the creativity of local masters determining the birth of the architrave
a tasselli, the Piece-Type (PT) architrave: if a fracture is artificially made, if the architrave is disjointed into three portions
(the mid block and the two pieces or tasselli), it is unlikely that the element will crack over the supports. The analytical
model, presented in the current paper, roughly describes the behaviour of stone lintels, however it cannot be used to predict
the best width of the tassello; The model does predict a crack close to the end of the support, by the opening, in monolithic
architraves [19].

Understanding the roots of this technique makes us aware actors in the restoration process [20]: The PT architrave
does not appear the product of the inattention of master builders, but the oral memory trace of a local construction tradition.
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