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1.

Introduction

The most common type of roof in Byzantine and post Byzantine buildings in
Greece, is a “spatial post and beam” system, which functions in a completely
different way from the well known types of king post trusses which seem to be more
common at Italy and other European countries than they were at countries around
Eastern Mediterranean (Byzantine and Ottoman empire). The origin and evolution of this
kind of roofs has not been yet adequately studied and the historical research is still at the
beginning. In the following paragraphs, only a few of the most characteristic examples of
the “post and beam” roofing system will be presented since a lot of variations exist.
However, the most important structural features : the spatial main load bearing system,
the closely set rafters and the need of internal load bearing walls for large spans, are
common in all the different cases.
2.

Description of the load bearing structure of the roof

The typical constructional characteristics of this type of roofing system are the
following:
• The planks, are nailed on closely set rafters (at distances ~40-80cm), without the use
of purlins. (Fig.1,4,11). As a consequence, the axial forces of the rafters are quite
small and their joints to the tie-beams at the external walls, carry less loads
compared to the loads that usually have the king-post trusses at the same joint. It is
characteristic that this connection rarely is well constructed (Fig. 9), as it is usually at
king post-truss systems. The rafters can be two pieces when their span, (the distance
of the ridge beam to the external wall), is large. (Fig.12,14). In these cases, the axial
forces of the rafters can be close to zero since they are just one span free supported
inclined beams.
•

The rafters are transferring the loads to,
1. the external walls,
2. at the ridge beam at the top of the roof, and
3. mainly to longitudinal horizontal beams set at about 1/3-1/2 of the rafter’s
span. (Fig. 1,4,6).
In many cases, (e.g. Byzantine monasteries of Mount Athos), the ridge beam is
absent and the timber rafters are connected at the top with a half-lap joint and
nails (Fig. 6,7).
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Figure 1. “Post and beam” type of roof in a post Byzantine mansion of Athens (16th-19th century). The roof is
not symmetrical, because the internal timber wall who is carrying the larger part of the roof loads, is not at the
mid span between the external walls. The purlins do not belong to the original roof. The rafters are closely
placed, every 45cm. The horizontal beams at the level of the ceiling are not continuous. Φ1 is the typical
structure every 1.2-1.7m. The roof is transferring the loads to the external walls (masonry and timber framed),
and mainly to the internal timber framed one. (Tsakanika, Lazouras, 1991).

•

The ridge beam usually is supported at bigger distances (~1.0-2.0m) by vertical
posts placed under it, while the horizontal longitudinal beams by inclined ones
(struts)1, transferring the loads to the internal timber framed or masonry load
bearing walls of the buildings, through an other horizontal longitudinal element, a
bedding, that is resting on the tie-beams (Fig. 3,4,5right). Occasionally, a horizontal
element in the plane of the rafters, is placed at the same places with the posts as a
collar beam. (Fig.1,3). As a result, every (~1.0-2.0m), a stronger and more
complete structural element is created that looks like a truss but is not. (Fig.1). As
in every structure, the formation of joints, in other words, the way each member is
connected to each other, determines the structural system. “Small” differences in

1
At the roofs of the monasteries of Mount Athos, the inclined posts that support the longitudinal beams are set
almost every 70cm. (Fig. 4-7).
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the connections can change drastically its behavior. In the “post and beam” system,
the connections of the vertical and inclined posts are capable of transferring
compression forces but not tension. In many cases the ends of the struts are cut in
the shape of an open scissor and two nails are securing the connection.
(Fig. 3,5).
The same system is used at the short sides of the roof, where longitudinal beams
posts and struts are used to support the rafters too. (Fig. 2).
•

The horizontal elements of the roof that
carry the loads of the ceiling, in many
cases, are not one piece (Fig. 1), and they
are not working as the typical chords of
the king post trusses. It must be pointed
out that usually, the area that the vertical
and inclined posts are resting on a timber
longitudinal bedding is over the internal
load bearing walls (timber or masonry
ones) transferring the loads directly on
them without causing bending to the tiebeams. (Fig.1,4,13). It is characteristic
that sometimes, in order to avoid the
bending of the tie-beams, the roofs are
constructed non symmetrical, even with
different slopes, adjusting their structural
system to the architectural lay out of the
building (Fig. 1).

Figure 3. Internal view of the roof of a post Byzantine
mansion in Athens(16th-19th century).

Figure 3. Axonometric view of the numerical model of the roof of a post Byzantine mansion in Athens.
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There are cases though, that the
internal load bearing walls are not
placed under the area that the
posts are resting on the tie-beams,
causing bending stresses on them.
In these cases, the section of the
tie-beams is quite larger than the
section of the rafters2 (Fig. 6).

Figure 4. Structural model of a “post and
beam” type of roof in a building of the Great
Lavra monastery of Mount Athos.

Figure 5. Internal view of the roof in a building of the Great Lavra monastery of Mount Athos. Typical
connection of the inclined posts (struts) with the horizontal longitudinal members of the roof. At the left, is the
connection to the beams that supports the rafters, and at the right is the connection with the bedding placed
over the tie-beams. It is obvious from the way the connections are constructed and from the failures that none
of these struts is working in tension.

Figure 6. Structural model of a “post and
beam” type of the roof in a building of the
Great Lavra monastery of Mount Athos.
The internal walls are not always under
the area that the struts are transferring
the loads of the roof to the tie-beams.

2

However, in some cases where no internal walls exist under the area that the posts and struts rest, a big part
of the roof loads are carried by the tie-beams. An example of this kind of “post and beam” system, is the roof
of Hagi Mehmet Aga mosque in Rhodes. (Tsakanika, 2005, 198-202). The absence of internal walls is met
usually in small buildings where the span of the roof is not more than 6m, or in large buildings of a special use
(e.g. a mosque, a church e.t.c.). (Fig. 16).
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Figure 7. Great Lavra monastery - Mount Athos. Typical connection of the rafters at the top of the roof with a
half-lap joint and nails. The ridge beam is absent.
Figure 8. Failure of the half-lap joint connection.

Figure 9. Poorly constructed joints (rafter to tie-beam). The small axial forces in some cases are transferred
from the nails that keep in place the timber elements.

Figure 10. A “post and beam” type of single pitched roof in a mansion in Hydra. The biggest part of the vertical
loads of the roof is tranferred to the excessively deformed horizontal beam which in this case has no internal
support because of bad initial conception of the used structural system.
Figure 11. A “post and beam” type of roof in a mansion in Hydra.
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Figure 12. Rupture and large deformation of the longitudinal beams of the roof.

Figure 13. Mansion at Hydra island. The roof
is supported on masonry internal and external
walls.

3.

Pathology and assessment

The typical problems of these roofs are :
• The deformation of the rafters, and mainly,
• the bending failure or more occasionally the large deformation of the longitudinal
horizontal beams that support the rafters, easily recognizable even from the exterior
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of the buildings3. (Fig. 11-13).
The main reason for these damages is the small cross section of the beams, but
primarily the absence of adequate number or well connected vertical and inclined
posts (Fig. 15,17).
In some cases the posts or struts are missing because during previous interventions,
some posts and struts were cut, but mainly these posts never existed, because the
original structural system was poorly designed and constructed (Fig. 15).

Figure 14. Mansion at Hydra island.
The problems of the roof are caused mainly because of the poor initial design and construction.
• The struts are too inclined, especially the right one, because the internal load bearing wall is not at the mid
span of the roof (Fig.13).
• Moreover, the longitudinal beams are not supported properly. The struts support the beams indirectly,
through timber wedges, since the struts are connected to the rafters over the beams.

Unfortunately, poor designing is met even nowadays in restoration projects. The timber
elements (with the exception of important monuments) are the only part of a historical
structure, that are not recorded or studied adequately.4 As a result, not successful
interventions are proposed and very often, most of the timber roofs are replaced with
metal ones and in the best cases with new timber king post trusses.
The “post and beam” system is quite different from the king post truss. (Fig. 18).
The main load bearing structure of the “post and beam” roof is spatial, working in 3
planes. As described before, the loads are transferred from the rafters through a threedimensional system of beams and posts (vertical and inclined) on the horizontal timbers
that rest not only on the outer walls, but mainly on the internal ones. On the contrary,
the king post trusses are two-dimensional systems, with a secondary load bearing
system over them (purlins), that works mainly in one plane and transfers the loads only
to the external walls of the building.5 (Fig. 18).
Consequently,
1. The structural role of the “post and beam” system can not be estimated from the
2d general drawings (e.g. plans and sections). A 3d numerical analysis that
follows6 a 3d survey of the structural system and the joints conducted and
presented in general axonometric sketches and drawings is necessary. (Fig.
3,4,15,16 ).
3
An other failure that is usual at the roofs that have no internal load bearing walls is the deformation of the
horizontal beams of the ceiling as in the roof of Hagi Mehmet Aga mosque in Rhodes. (Tsakanika, 2005, 198202). (Fig. 16).
4
Architects are conducting excellent surveys of the morphological elements of the historical buildings usually in
2-dimensional drawings (plans, facades, sections e.t.c.) but rarely axonometric, 3-dimensional drawings,
constructional analysis and survey of the structural members and their details. On the other hand, for many
civil engineers the calculations and the use of Standards, is considered the only part that they have to
participate in the process of evaluating and intervening in a historical one. But the calculation and the
application of the standards is the last part of the procedure for the structural evaluation of a timber historical
structure. (Tsakanika, 2000).
5
The king post truss system is an ingenious invention for the covering of large spans and spaces without the
need of internal supports (walls, colonnades e.t.c.).
6
Tsakanika, 2007.
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Figure 15. Mansion at Hydra island.. Missing posts is an
important cause of problems at these kind of roofs.

2. A major consequence of substituting the “post and beam” systems with king post
trusses, quite common in my country, is the alteration in the distribution of
vertical loads to the walls, which of course leads to the alteration in the
distribution of the seismic loads, changing the seismic resistant structural
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conception of the original structure.
Moreover, the “post and beam” roof has an obvious aseismic advantage. The
planks, as described before, are nailed on closely set rafters without the use of
purlins as in king post trusses. As a consequence, these roofs are quite ductile,
and not easily deformable. They work as a whole unit, capable to connect all the
load bearing walls, internal and external ones and tying efficiently the buildings,
especially in seismic events.7 The “mechanism” that connects the roof to the
walls, is the oldest at least around Eastern Mediterranean system, the timber
lacings.8 The horizontal tie-beams of the roof are nailed almost every 40-60cm on
the upper timber beddings of the timber framed walls or on double timber
elements (timber lacings at the level of the roof) embedded in the masonry.9

Figure 16. Hagi Mehmet mosque in Rhodes. Axonometric survey of the roof and its constructional details. No
internal walls exist and a big part of the roof loads are carried by the tie-beams that work mainly in bending..

3. In the cases that the “post and beam” system is preserved, the alteration of the
position of the internal load bearing walls, is very critical not only for the
structural efficiency of the roof but for the overall behaviour of the building.
Especially if each wall is not anymore over the other till they reach the ground.
This has happened in some cases of restoration projects in multi-storey buildings.
According to the architectural study, the internal timber framed walls were moved
in different places in every story. As a consequence, the loads from the roof and
the intermediate floors were not anymore transferred to the ground through the
internal walls that were originally placed one over the other. A complex and
vulnerable system structural was created, due to the lack of close collaboration of
architects and civil engineers from the first stages of the architectural study and
mainly due to the misunderstanding of the structural system of the roof, its
behaviour and pathology.10

7
From structural point of view, we could say that “post and beam” system is compatible with the architectural
layout of the post Byzantine buildings in Greece (mainly houses and mansions) whose structural system at the
upper floors is made of load bearing masonry and timber framed walls.
8
Touliatos 2000, Tsakanika, 2005, 196, fig. 1,2,6.
9
The good condition of the timber lacings and their cohesion with the walls beneath has to be ensured too.
10
The first goal for the recognition of the structural system, its behavior and pathology, is the collaboration from
the beginning of the projects, of all the professions that must be involved in a restoration project, (architects,
civil engineers, wood technologists, dendrochronologists e.t.c.). (Tsakanika, 2007).
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Figure 17. Hagi Mehmet mosque in Rhodes.
In the “post and beam” system, the connections
of the vertical and inclined posts are not well
constructed, capable of transferring compression
forces but not tension.
Figure 18. King post truss in a part of a church’s
roof. The 90% of the king post trusses
constructed the 20th century in Greece have a
common mistake. The metal strap is not holding
the horizontal tie member leaving a gap. The
carpenters and the engineers have forgotten the
structural behavior of one of the oldest roofing
systems.

4.

Intervention proposals

The historical structural systems, are worth recognised and preserved, not only for
theoretical and historical reasons, but mainly for practical ones, since their study dictates
the appropriate intervention for each one, avoiding repairs and reinforcements
incompatible to the original and existing structural system of the historical buildings.11
In order to intervene in a member, even if we have examined systematically its
existing condition (decay, failure e.t.c.) with the best methods, we still can not decide
what is the best solution because we have to estimate its pathology and behaviour as a
member of a whole structure, the roof and moreover the whole building.
If the recognition of the structural system is wrong the best techniques of
restoration or conservation can not be successful. If the recognition of the structural
system is correct even a simple technique of restoration can be successful.
The repair and strengthening of the “post and beam” type of roofs has in many
cases advantages. For sure it takes less time and money compared to the most common
alternative solution which is the reconstruction of a new roof.

11

Tsakanika, 2007.
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The improvement of the original load-bearing system can be accompliced by :
1.
Adding just new members. For example, at the places that the posts and struts are
missing (Fig.15), either because they were cut or destroyed in a previous
intervention or the numerical analysis (quantitative approach), and the general
assessment through the constructional analysis and pathology of the structure
(qualitative approach), showed that the longitudinal beams need more dense
supporting (Fig. 19-22).
2.
Reinforcement of the connections. The application is easy because most of them
work in compression instead of tension. The use of limited number of screws, bolts
and timber wedges, will secure the connections while the loads can be transferred
through just the simple contact of the members without the need of special cuttings
(Fig. 26). One of the most problematic joint of the roof is the connection of the
rafter to the tie beam, because of the decay problems that occur usually there. In
“post and beam” roofs, as described before, the axial forces at the joint are
generally small. The use of easily applicable methods of restoring this connection,
either by the prosthesis of new timber at the decayed part connecting it with the old
part of the rafter with simple methods (metal straps, special cuttings at the ends of
the timbers, screws e.t.c.) or even cutting the decayed part and use screws to carry
the axial loads. (Fig. 23-26)
3.
The replacement of parts or even whole members can be made without the need of
supporting the whole roof with the use of excessive scaffoldings.

Figure 19. Mansion at Hydra island. Proposal of intervention.
New struts of laminated timber is proposed to be added at the places that need support (see also Fig. 15).
Figure 20. Mansion at Hydra island. Internal view of the roof during restoration works.
New struts of laminated timber have been added.

Fig. 21.
Mansion at
Hydra island.
Internal view of
the roof before
and during
restoration
works.
New struts of
laminated
timber have
been added.
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Figure 22. “Post and beam” type of roof in a
post Byzantine mansion of Athens (16th19th century). Proposal for reinforcing the
“post and beam” timber roof by adding
limited number of new timber elements. New
struts or/and a new longitudinal beam next
to the old one.
Figure 23 Intervention proposals. One or
two screws of 6- 8mm diameter are capable
of carrying the axial loads at this joint.

Figure 24. Decayed joint over the external wall.
Figure 25. Decayed joint during restoration works.The rotten part
has been cut and the rest of the timber elements have been
cleaned and treared with
preservatives. The axial forces will be carried with screws of 8mm
diameter (see, Fig.22).
Figure 26. The use of limited number of screws, bolts and timber
wedges, will secure the connections, while the loads can be
transferred through the simple contact of the members without in
this case the need of special cuttings.

5.

Conclusions

The failure of recognizing the structural role of the original “post and beam
system” can cause many problems especially in seismic areas. The original route of
loads, vertical and horizontal ones on the load bearing walls changes drastically, leading
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the engineers to heavy, not necessary, unsuccessful interventions for the whole building
and not just the roof.
For the author, the lack of knowledge, but mainly the unwillingness of
understanding these exceptional load bearing structures, is considered the typical
“pathology” for these types of roofs. A “pathology” for the roof, since the historical
buildings loose the authentic timber roofing system, and exceptional structural systems
belonging usually to vernacular and traditional buildings are lost for ever, and mainly, a
“pathology” for the whole building which in some cases can be quite dangerous for its
structural integrity.
Notes
Architectural study for the restoration of the Mansion in Hydra : K. Mylonas, A. Tsigounis.
Architectural study for the restoration of the Mansion in Athens : G. Kizis, K. Aslanidis,
Chr. Pinatsi.
Working group for the restoration of the Mansion in Athens : E.Tsakanika, H. Mouzakis, E.
Zarogianni, Civil Engineers.
Working group for the restoration of the Great Lavra Monastery: E.Tsakanika,
K.Athanasiadou, T. Rozos, Civil Engineers.
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