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Numerical Models and the Perception of Masonry
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Abstract

During the restoration of ancient constiuctions that follow a swvey, arclutects and
engineers are asked to consolidate the masonry structure. In these cases. more often
than not, the use of a numerical model 1s far from useful. This paper analyses some
case studies m which architects and engineers should go ‘beyond’ the numerical
computer model and take a step “backwards’ to a substantial intrinsic knowledge of
mazonry. To really approach these contmngencies, the architect or engineer must
distance themgselves from being mere techmicians, assuming the role of the scholar
who 1s able to “feel” and “visualize’ the masomy’s stress.

Keywords: masonry, gromn vault, cross vault, survey, lustorical buildings, statics.

1 Introduction

Masomy defines and protects the building from the elements, 1t supports its own
weight, the honizontal structures, and external loads. From a mere material pomt of
view, mazomry 18 the union of elements both natural, such as stone, and artificially
produced, such as bricks, this umon 15 arded by the use of mortar, which has the
task of creating contmuity m the wall, and spreads out the load between the various
elements. Whatever the resistance of the masomry part, 1t 1z the mortar that, more
often than not, fails to withstand the load [1].

In this paper, I will show two case studies which deserve to be mentioned. Both
come from a building of lustorical value, which was erected between the 17th and
the 19th century in the city centre of Rome. Sumilar to the majority of roman
buildings erected during that period, masonry was very peculiar and was known as
muratura a sacco [2]. The original concept of this kind of masonry, often referred to
as “double-skin concrete core’, comes from the ancient romans who made this
peculiar technique the core of their construction method. It 1¢ essentially a masomy
structure made of two facades filled with rubblework and concrete. While ancient
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complete scheme of what to expect. In this particular case, some problems occurred
in a relatively new part of the building which was erected during the first half of the
19th century. A shop assistant who worked in the premises declared that she had
heard a sinister sound coming from the vaults.

Figure 1: A hair like sign on a vault’s intersection

On an inspection, it was found that on the intersections of the cross vault there was a
thin sign on the plaster, so thin that it was almost impossible to see it without the
help of some kind of tool. Surely that tiny hair like sign shown in Figure 1 was not
enough to sound an alarm; as a matter of fact, hair like signs are almost everywhere,
both in new and old constructions, and as a rule of thumb they don’t mean anything
serious.

It is very common to see some signs on the plaster even after inserting a nail for
hanging a painting. I seriously doubt something so trivial would give rise to a static
survey. Here, the knowledge of the scholar comes into play once again. What is
plaster and how is it made? More importantly, how was it made in the early 19th
century? Nowadays, plaster is made from various premixed products, usually with a
higher or lower percentage of lime and cement or plaster of Paris. These types of
plaster are very fragile; as with any crystal like structure they tend to crack very
easily. It is obvious then that a hair like sign is not acknowledged as a problem. But

3



the matter is that old plaster was made with lime which is surely more adaptive to
stresses, and tends to crack only when the masonry underneath has reached a high
value of stress [6]. In Figure 2, is it possible to see what happened underneath the
plaster hair like sign of the previous figure after having removed part of the plaster.

2 Knowing the structures, feeling the stresses
3.2.1 Groin Vaults

As expected, though the whole structure was well made, as both the bricks and the
mortar were in excellent shape, the crack on the masonry was extremely serious.
Once again, there is no need for any computer generated model to understand what
the cause is.

Figure 2: A serious crack found underneath a hair like sign along the vault groin

4
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to mark their power in the society, they wanted to build a new aisle of the family
property in extreme haste. We also have confirmation from the better masonry that
lies under the plaster, but what about the foundation of this side of the palace? Once
again, the survey we made earlier is helpful because from the documents we have
found, we know that the new isle was build on a complex of very old and decaying
structures. Thus we have good masonry on a poor substructure, and it is the latter
that lacks the ability to distribute the loads evenly because of differential subsidence

[8].
2.1 Double-skin concrete core masonry

The second case study comes from the same building but on a different part which
was erected between the 17th and the 18th century. While the masonry of the first
case study was extremely well constructed and preserved, the structure of this part is
a very poor a sacco or ‘double-skin concrete core’ masonry. In Figure 3, we may see
a thin vertical sign on the plaster of the outer skin of the masonry. The same wall
had a series of vertical and horizontal signs that suggested a crush stress [6].
Usually, this kind of stress is the symptom of huge loads, and this could be the case
if only the same kind of signs, or even small traces, were present in the inner skin as
well as in the proximity of perpendicular structures. The stress signs were only
visible on the red part of Figure 4 without involving the ground floor of the structure
which, if crush stress was involved, should have absorbed the load of the above
storeys so that at least some little signs would be seen [9].

Figure 4: Signs are only visible on the outer skin of the masonry of the first storey

The ground floor, which today hosts a series of top brand shops, was used as
stables for the horses and carts of the noble family while the first and second
floors were used as a residence. This means, fireplaces and chimneys were only

6



present on the residential floors. In this case, fireplaces, of which we have no sign
today, were built between the windows, thus reducing the structure of the masonry.
But it was not the slimming down of the masonry that caused the stress otherwise
we should expect the same problem on the upper storey. The cause of the stress was
the poor quality of the bricks and mortar of the chimneys that, after a prolonged
exposure to high temperatures, crumbled down opening ‘wounds’, making the
structure uneven and inconsistent [1,6]. This may be seen in the collage of Figure 5
where the mortar has crumbled from intense heat and the chimneys have been
exposed.

| 4 = A Y. e

Figure 5: Collage of two parts of the masonry. Extreme heat has crumbled the
mortar making the structure uneven and inconsistent

4 Conclusions

Ancient masonry constructions come in many kinds. Almost every century, as well
as every specific site, developed a peculiar and unique way of building, further
affected by the economic resources of the owners and the technical preparation of
the masons. In recent years, structural design has come to be viewed in terms of
limit states, a method that is based on a good knowledge of the building considered
to be heterogeneous in its nature. If this were not true, and the two case studies have
shown that this contingency happens only seldom, it will correspond to the
realization of a difficult, time consuming, and often highly unreliable mathematical
model. In cases such as these, when the buildings behave more as a living being
rather than a crystallized object, from time to time favouring and reacting to the
stress, I would like to emphasize once again the need to know, understand and ‘feel’
masonry and the stress involved. An accurate knowledge of the building; a deep
understanding of the structures, their strength, stiffness, and stability, as well as a
meticulous survey, are the keys to a winning approach. By being able to ‘see’ the
geometry of the stress lines of a masonry building , architects and engineers should
think as masons rather than mere technicians, thus going beyond the numerical
computer model.
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