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Limit State Analysis of Barrel Vault Supported by
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A significant portion of Iran's traditional architecture can be observed in areas that are vulnerable to earthquakes.
Conservation involves knowledge of this heritage, as well as appropriate analysis and design. This underscores the
need for careful study of these numerous structures and their risk of collapse during earthquakes. On the other hand,
there are many such structures with unknown material properties, making analysis expensive, time-consuming, and
unreliable. Therefore, it is necessary to understand the overall structural behavior of such structures. The current
research aims to quickly study a structure type based on general assumptions in order to understand its behavior in
relation to its geometric features in the context of Iranian vernacular architecture and allow for primary judgment in
design and analysis. This article focuses on the behavior of a barrel vault supported by walls in its arch plane and
addresses the question: what is the stability threshold of this type of structure to constant horizontal ground
acceleration for different geometrical proportions? The problem is investigated by a limit state analysis using thrust
line, based on Heyman’s assumptions. The results are verified with the tilt table method and 48 physical models.
The influence of various factors on the stability threshold of a structure is discussed. These factors include the ratio
of the thickness of the semicircular arch to its radius, the height of the brick infill interlocked with the haunch of the
arch, which changes the embracing angle, and the ratio of the width of the wall to the radius of the arch. The results
show that as the embracing angle of the arches decreases and the thickness of the arch increases, the arch stability
threshold increases. By selecting a suitable geometrical proportion for arches, the vault, despite its 2D behavior, can
withstand lateral acceleration very well. Therefore, in most cases, the weakness of the wall determines the lateral
stability threshold of such a structure. In some cases, by increasing the thickness of the semicircular arch, a more
economical design can be achieved for the arch and wall complex, but this strategy is only useful for areas with low
earthquake risk. As it requires a huge wall in the high-risk areas, it makes the structure more expensive to build.
Thus, using an arch with a small embracing angle is advised. Moreover, using a thick arch leads to a more
destructive mode of collapse: overturning of the wall. The negative effect of cracks in walls also decreases using
arches with small embracing angles. Furthermore, the experience of assembling physical models shows that this
method makes the structure easier to build. This validates the traditional strategy employed by master builders of
designing thin vaults with small embracing angles. The brick filling of the arch haunch up to a certain threshold
significantly increases the lateral stability of the structure consisting of the arch and wall; however, increasing the
filling level more than this threshold reduces the overall stability. Because this reduction in the studied proportions
is not significant, removing the extra filling cannot be considered an effective technique for increasing the overall
lateral stability of existing buildings. In addition, cracks in the wall reduce the stability threshold. This problem,
especially with a slender wall, leads to a significant reduction in the lateral stability threshold. In some proportions
of arch, e.g., when the embracing angle is 90 degrees, the negative effect of cracking walls is controlled to some
extent. Physical models show that in the case of a thin semicircular arch, an analytical model based on an ideal
mathematical model cannot be reliable. In other cases, with a small embracing angle, physical models can withstand
lower lateral loads, around 50% of the nominal threshold of lateral stability, than analytical models. The data from
this study can inform decisions on the stabilization and design of masonry structures.

Keywords: Vaulted Structure, Lateral Stability, Limit State Analysis, Thrust Line Analysis



