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Abstract. The high-podium Roman Period temple, with a semi-circular plan scheme, was
discovered by Lanckoronski and his team in Side, Turkey and named after ‘P’ in 1890 [1].
The temple was unearthed by Mansel [2] and his team in 1947 through archaeological
excavations. In 2013, further studies started on the temple. The aim of the still ongoing work is
to seek answers to such issues that haven’t been clarified yet, as the plan scheme, to whom it
was dedicated, and the date of construction.

In this context, the construction structure of the Temple P was investigated during the present
study based on in-situ and precise documentation: At least tive different types of stones were
classified by purpose, including conglomerate, travertine, sandstone, marble and rubble stone
mixed with mortar as infilling material. It was seen that fit-to purpose use of the material was
considered more important than the ideal and repeated dimensions of the building blocks.
Moreover, local material was used except for the outsourced marble.

In addition to the large-sized clamps and dowels in the load-bearing core blocks of the
walls, the spaces between the coatings and the load-bearing core were filled with mortar.
In this construction technique, opus revinctum and opus caementitium were used
together. The partition walls separating the three rooms of the lower floor and the vault
cover made with mortar and formwork system belong to the construction period of the
temple. However, there are indications that the outer walls, about 2,5 m thick, originated
from the foundations of a precursor structure. Four construction stages of the pillar profiles of
the orthostat coating blocks of the podium, each having different lengths, can be
traced from the upper surface workmanship, without scalping. The podium, which is
approximately 2,30 cm high, is reached by one main and two side stairs. Numerous, high
quality marble blocks in front of the cella on the podium indicate the presence of a
monumental entrance structure made in opus revinctum technique. Unlike the profiled
orthostat blocks of the podium, which were processed in situ after assembly, the cassette
and cornice blocks of the entrance structure were produced 'on the ground' previously. The
restitution of the marble cassette ceiling of the monumental entrance structure has been
developed by combining the 1:10 scale precision surveys of the blocks via a computer aided
method. The efforts for a modular planning and production are witnessed in the construction
of cassette ceilings.
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1 INTRODUCTION

The temple P, with high podium and a plan scheme of slightly larger than a semi-circle, is about
100 m away from the Athena and Apollo temples dedicated to the chief gods of the city in the
Ancient city of Side in Pamphylia region. The 231 cm high podium forms the lower floor of
the temple with its three vaulted rooms. The semi-round cella over the podium has a linear
entrance fagade of 16.80 m to the west and a depth of 11.15 m measured at right angles from
the middle of the fagade. In front of the cella there is a filled-in platform forming the lower
structure of the monumental entrance structure, bounded by orthostat coatings on both sides.
The arrangement of the orthostats suggests the presence of a wide main staircase leading up to
the podium to the west and a secondary staircase each from the northern and southern sides.

The lower floor, which houses three spaces connected to each other by door openings, has
an outer wall thickness of 2.50 m, excluding the outer orthostat coatings. The bottom level of
the lower floor is below the street level. Today it is accessed from the partly collapsed vault
cover; there is no external access (Figure 1).
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Figure 1: Temple P aerial view (Side Excavation
Archive) Figure 2: Remains of the cella wall

2 TYPE AND LOCATION OF MATERIALS USED AT TEMPLE

In Roman architecture, adaptation to regional conditions was achieved by means of different
construction techniques rather than by different building styles. Different construction
techniques were developed as a result of the use of more economical and easily accessible local
building materials [3].

Greek master builders meticulously paid attention to the harmony of stone joints in order to
obtain repetitive measurements and maintained this rule for centuries. For the Roman building
masters, the fit-for-purpose use of material was more important than the ideal and repetitive
dimensions of the building blocks [4,5].

Wright states that the precision of the Roman craftsmen in joining face stones lacked the
ability to combine them with almost no joint spacings as in the Classical Greek workmanship.
He argues that the Greeks used tools for ‘forging’ where Romans for ‘cutting’, and that the
Romans preferred soft, less crystallized stones due to the difference in the methods of
stonework [6]. The fact that Temple P, a Roman Temple, had six different types of stones in
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various sizes, distributed in accordance with the location and construction technique, confirms
these claims:

Table 1: Types of stones used in Temple P

Conglomerate Foundations
Travertine In the carrier core of the cella wall
Sandstone Orthostat coatings
Marble At two-storey monumental entrance structure and cella gate,
at the inner coating of cella in thin plates
Face stone On the vault cover of the lower floor
Rubble In the filling of the lower structure of the monumental entrance structure

There is a distinctive hierarchical structure among the building materials used in the temple,
according to their functioning as bearing unit or surface layer. Also, different applications
regarding the mortar use are seen, depending on the location, such as whether there is a mixture
of bricks (rough and fine construction works) or not.

2.1. Conglomerate

Conglomerate (conglomerare, Lat. = gathered into a ball or rounded mass), local ‘natural
concrete’ or so-called ‘sea coastal stone’, which has a very high bearing capacity and durability,
occurs spontaneously in the nature and formed by hardening of sea stones, pebbles, sand, and
remains of sea creatures altogether by means of the dissolution of lime in sea shells. If the
pebbles in the conglomerate are not rounded but angular, they are called 'breccia'. Their color
varies according to the color distribution of pebbles [7,8].

Lamprecht suggests it can be asserted that the master builders were inspired by the
conglomerate in nature, in other words 'natural concrete' in development of opus caementicium,
also called as Roman concrete [3]. Regarding its technical properties, conglomerate is generally
a difficult-to-cut building material; it is difficult to obtain smooth-edged blocks because the
hard gravels within it are broken in heaps during the production and processing of the blocks.
Therefore, the location of their use is generally determined by the size of the gravel grains. The
smaller the grain size, the better it is suitable for fine profiling. In Side, fine-grained
conglomerate blocks as used in the jambs and lintels of some gates on the walls were profiled
with fascia. The conglomerate used in Temple P has a coarse-grained structure (Figure 3-4).
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Figure 3: Example of conglomerate block used in
foundations Figure 4: Cella wall foundation
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2.1.1 Use of conglomerate in the structure: foundations

It can be observed that the master builders had more confidence in conglomerates, which
was frequently used in the antique buildings of Side, compared to the travertine in static terms.
They preferred conglomerate for the point foundations set for the frontal columns of the
monumental entrance structure, the continuous, uninterrupted foundation of the second row of
columns, and in the lowest sequence of the cella wall, i.e. where the structure should be
'stronger’ in static terms (Figure 4).

The conglomerate blocks, which form the lower row of the travertine bearing core of the
cella wall, were aligned side by side on the massive wall of the lower floor. They contained
clamp slots indicating that they were connected to the sandstone blocks at the same level and
in front of them. However, they do not have a clamp connection between each other or dowel
slots for fixing the next row of stones onto them. This indicates the fact that the master builders
were more concerned with the pull and push force than the compressive force. There are no
dowel holes on the upper surfaces of the conglomerate blocks forming the basis of the columns.
The singular column foundations or 'continuous conglomerate blocks' of the monumental
entrance structure also function as a binder and reinforcer in static terms, preventing the sliding
of small sized rubble and fill material forming the substructure.

2.2 Travertine

Travertine is a type of large perforated limestone formed by continuous addition of lime to
the fossilized residues of seashells. The formation of these stones can be clearly understood
from the fossilized residues of living beings or the traces they left on the stone. Travertines,
which are available in quite different qualities, are generally very robust and weather resistant.
It takes a long time for travertines to reach ideal properties such as having different color layers
used by sculptors, being able to be polished well and weather resistant [7].

Figure 5: Travertine blocks used in the bearing core of cella

2.2.1 Use of travertine in the structure: the inner core of the cella wall

The travertine used in Temple P is of lime tuff, which had not yet completed its
crystallization process. These hard-to-break, porous (thanks to the traces of the fossils), and
hard travertines with fossil traces are not suitable to be used as surface layers because of several
pores and are not suitable for producing blocks of standard dimensions. The cella wall of the
temple was built by a three-walled construction technique. Here, the carrier core is formed by
travertine blocks behind the facade coverings and on invisible surfaces (Figure 5). Sandstone
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was used as a coating material on the outside of travertine. A 2,2 cm thick marble cladding
material was used inside the wall, facing the cella space.

On the upper floor, travertine blocks were brought together side by side in longer format in
the in-situ wall part of the linear western facade of the cella and in shorter format in the rounding
part of the cella wall (Figure 2-3). This wall technique, where the 6-8 cm gap left between the
inner and outer claddings is filled with mortar, did not require that the travertine blocks were
very precise in size or the blocks were cut circularly. Long clamps up to 30 cm were used to
cover the mortar-filled distance between travertine blocks and cladding blocks. In the northern
corner of the cella, there is an in situ 96 cm high and 20 cm thick orthostat-style sandstone
outer crust and 55 cm thick travertine array (Fig. 2). The dowel slots on the inward side of the
travertine blocks and the remains of 2,2 cm thick marble slabs over the surface levelled by 5-6
cm mortar indicate that the cella was covered with marble.

2.3. Sandstone

As mentioned, the conglomerate and travertine blocks were used only in foundations and in
the bearing core, on the grounds that they failed to meet the expectations as surface layer.
Homogeneous, smoothly cut and processed gray, local sandstones with fine pores were used on
the sides of the temple that were visible from outside. Static integrity was achieved with dowels
and clamps, where sandstone met conglomerate and travertine. Mortar was used as additional
support.

Sandstone is a type of sedimentary rock formed by fusing sand grains smaller than 2 mm. It
has a friable structure; and it is not possible to obtain a glossy surface. It is easy to cut and
process and hardens by drying in the air. The sandstone, which may have very different
technical properties, is available in many colors including red, yellow, brown, greenish, and
whitish [9].

The local sandstone must have been easy to acquire because of its friable characteristics;
therefore, it can be considered an economic option. Such characteristics as easy formability and
a homogeneous structure must have been effective in the decision to use it as cladding material
at the podium and Temple P, with a circular-formed cella. Surface damages on this type of
stone occur in the form of crumbling, wearing, and scouring. Due to the bedding property
fractures generally occur in thin layers. Due to this feature, the top and bottom profiles of
orthostats, the block of the cella wall after the base, and the round architrave-frieze block of
cella were not embellished.
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2.3.1 Use of sandstone in the structure: orthostat coatings

The 2,50 m thick outer wall of the lower floor of the temple was cladded with orthostat
blocks of various lengths made of approximately 20-30 cm thick sandstone (Figure 6).

Aschenheim suggests that the vertical stones (orthostats) placed in front of the masonry
made of rubble stones were taken from Greek Architecture of the Archaic Period and that the
'tripartite base' was introduced by incorporating the foot and 'head' profiles [10]. Hueber asserts
that the first use of orthostats was based on building physics, and that moisture, as drawn from
the soil with homogeneous and upright blocks, was prevented from damaging the building.
Furthermore, this principle of construction was transformed into a design and style tool over
time [11].

The first connection between the 146 cm high orthostats of the podium and the massive
circular wall was made by placing the profile blocks, which were deeper than the orthostats on
top, onto this thick wall. After the orthostat was placed in its location, the 5-6 cm gap with the
wall was filled in with mortar and clamped to the rearward block. Thus, in terms of structural
physics, any moisture that might have occurred would be directed upwards through the filling
mortar between the orthostat and the massive wall. This would possibly prevent the mortar
from disintegration by drying out, before trying to drain out of the dense stone texture of the
vertical blocks.

Orthostat blocks of various lengths and thicknesses indicate that the stones were not ordered
in standard sizes but delivered in such sizes that satisfied the 'preliminary data', perhaps in the
terms of lower and upper limits. The ordered stones must have been pre-treated after they were
brought to the construction site, either at the crane's area of operation or in a stone workshop
within easy reach. While this is done, the stones must have been worked after the visible
surfaces of the blocks were placed in their location with their back surfaces roughly machined
-perhaps left as they came from the quarry- and the bottom and side faces were the smoothest.
It's even advantageous if the back surface was not very smooth, considering that the gap left
with the existing wall would be filled in with mortar. This is because five stages can be
determined until the end of the profile.

The upper surface workmanship of the foot profiles, which are 14-15 cm deep,
approximately 31 cm high and of different lengths, such as the orthostat blocks of the podium,
indicate that these blocks were roughly machined with stonemason's chisel and placed as cut at
a certain angle in the direction of the profile. This type of assembly, which can only be done
from the front, requires a clearance on the rear surfaces to ensure precise placement of the
blocks. In a section showing the untreated stage of the profile, it is found that three dovetail-
shaped 'docking slots' were drilled into the upper surface of the stone in order the orthostat
block above could be aligned and pushed towards the neighboring stone or backwards. Thus,
the orthostat block was placed in its position as much as it was possible, it must have been
pushed to its the ideal position with the help of a lever. This lever detail in the foot profile must
have been made after the orthostat block array was placed. From the differences in surface
workmanship of the foot profile array of orthostats, it can be observed that the profile was
brought to the desired final state in five stages. As for the section, the profile was not yet
processed, the workmanship was completed, and that there were irregularities in the
workmanship that continued beyond the joints: This proves that the surface layer was treated
after assembly. On the front side, the marks of the stonemason's chisel are visible under the
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marks left by the stonemason's dredge. This detail shows that the final process was delayed
after the completion of the construction.

2.4. Marble

All material used in the construction of Temple P is the local material, except for the marble
preferred in the monumental entrance structure in front of the cella. Ward-Perkins states that
only the 'marble style' was preferred in the monumental buildings of the Roman Empire in
Pamphylia in the middle of the 2nd Century [12].

Inan suggests that the absence of a marble quarry near Side shows that the marble
requirement for sculpture was met from outside [13]. However, the remains of many buildings
in the city, and many of the statues and sculpture fragments that have been recovered show that
marble was used in abundance. It also indicates that the overseas ordering and delivery of the
material was successfully implemented. The marble brought from outside must have been
processed in the city workshops.

Nolle acknowledges that the people of Side have rich donors from the wealthy strata, who
were willing to pay the high price of overseas transport in order to give their cities a marble
appearance by covering the local building materials with marble. He considered the same as a
sign that it was very popular as a way to make oneself immortal by being memorialized on the
buildings. As a matter of fact, the marble used in the monumental entrance structure in temple
P in front of the cella and oriented towards the square must have been be acquired from
overseas.

Scientifically, marble is a crystallized rock stone, the grains of which can be individually
discerned by naked eye [7]. They can be of various colors depending on the additive source;
they are statically resistant and have good weather resistance. A gray-white veined marble was
used in Temple P; the fractures are along the veins and in layers.

An important difference of marble compared to other materials used in the construction is
the construction technique. The richly decorated marble blocks of the monumental entrance
structure were worked out almost entirely on the ground before assembly. The one-piece
cassette and cornice blocks suggest that they might have been produced at accurate and precise
sizes by taking measurements in place after the assembly of the columns and architraves. Like
the ceiling cassettes of the stage building of Side ancient theater and the cassettes surrounding
the cella of Tyche Temple, the cassettes of the entrance structure of Temple P were carved from
a single block with all its profiles and frames.

F igre 7 asstCormsh block Figure 8: Marble threshold block of cella door



G. Kaymak-Heinz

2.4.1 Use of marble in the structure: Monumental entrance structure (revinctum
construction technique)

There are many architectural blocks made of gray-white veined marble such as column body
fragments, column bases, column caps, elaborately worked richly decorated cassette-cornices
(Figure 7), architrave-frieze blocks with double-sided appearance, and #ympanons on the
platform in front of the cella. It is also understood from the in-situ threshold block (Figure 8)
and the gate lintel that fell just in front of it that the door on the western wall of the cella was
made of marble.

The technical connections between the blocks are limited to dowels; clamps were not
considered necessary in the construction of the ceiling. There are remains proving that a lead
channel was used in addition to iron dowels for the installation of columns and bases.
Anathyrosis was not applied to the seating surfaces of cassette and toothed cornice blocks and
the whole surface was smoothed to distribute the load over a larger area. It is seen in the single
column cap available that the surface on which the architrave will sit was made higher by
pulling back from the profiles. This, therefore, secured the profiles against compressive strength
and fractures.

There are slots for two small lower dowels each on the two lower ends of the cassettes, where
the clamps are not used and the frieze seats. With smooth machining of the side faces, the blocks
were able to approach each other with zero clearance. Very few blocks have lifting holes. Use
of deeper reliefs on visible surfaces and less deep reliefs on less visible surfaces in
embellishments should be interpreted as an economic working method.

Hoepfner suggests that the oldest example known to have influenced the design of marble
ceilings is Hieron in Samothrake dating to the 2nd Century. There cassettes of various sizes
were brought together. He asserts that while it was previously preferred that cassettes should
be as uniform as possible, combining areas of different sizes was preferred as from the Late
Hellenism. According to Hoepfner, this solution shows that the high beams surrounding the
cassettes were considered disturbing, because they covered the painted or relief-decorated main
surfaces of the cassettes [15].

The large cassette type at both ends of Temple P occupies a large area. In the parts close to
the cella, many smaller cassettes were brought together, extending the cassette area, and
therefore the field of view, to prevent the likelihood of a beam hindering the appearance.

2.5 Face stone

Opus caementicium technique was used in the vaulting of the rooms on the lower floor of
Temple P. Gruben states that the vault construction, the most important invention of the Roman
Period, was not prominent in the temple buildings, because it was preferred to adhere to the
Classical Greek temple construction as proposed by Vitruvius [16]. This technique, which did
not require a great deal of manual dexterity, could have been done by local builders well as by
unskilled workers. To that end, use of rubble stone, mortar, and mold night have been enough.
In Temple P, the vault cover was used only on the ceiling of the lower floor. The fact that not
only rubble stones but also stones with smoothly cut side and bottom surfaces were used
indicates that the stonemasons worked in the construction of the vault.
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2.5.1 Use of face stone in the structure: vault cover of the lower floor (mortar and
formwork system)

The cradle vault cover in the middle of the lower floor starts at the same height on the two
side walls and transfers the static load to those walls equally. On the underside of the barrel
vault, from the semi-round shaped print marks left by the molds to the mortar, approx. It is still
clear that logs with a diameter of 16 cm (round trunk of cut trees) have been used.

The apex of the half vaults in the triangular planned side rooms are positioned approximately
50 cm away from the wall separating the middle space in the southern room and approximately
70 cm in the northern room. They sit on this wall by reducing the height of the vault by only 6-
7 cm. They sit on the thick outer wall with a fairly steep incline in the other direction. Thus, the
loads of the vaults of the side rooms were transferred to the 2.50 m thick outer wall. The vaulted
cover of the triangular planned side rooms was mounted on a circular thick wall at an increasing
height and irregular geometry towards the top of the triangle in the plan.

The fact that the vault was placed on the thick wall in such an irregular geometry suggests a
repair that was conducted subsequently on the wall rather than a designed construction. During
the Roman period, if the area, where a building was located, was to be reused, the building was
not demolished and destroyed. Alternatively, the old building was covered with filling and
incorporated into the foundations of the new construction. In Rome, for example, some of the
walls of Nero's Golden House, built in 64-68 AD, were used as the basis for the Trajan Baths
built in 109 AD [17].

The wood formwork system was also used in the construction of the vaults of the side rooms.
The round form of wood that made up the formwork is understood from the traces on the mortar
over the vault left by the wood added end to end in short pieces in order to rotate. The clear
visibility of the mold marks also suggests that the lower surfaces of the vaults were not plastered
after the mold was removed. The front of these three rooms, which had the appearance of a
closed cave when they were built, must have been kept open during construction. This section,
which also forms the boundary of the platform in front of the podium to the temple, was closed
by a wall about 70 cm thick, which was considerably less than the 2,5 m thick wall of the lower
floor after dismantling and removing the mold used to build the vaults.
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Figure 9: Vault cover of the lower floor Figure 10: Infrastructure of one of the side stairs
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2.6 Rubble (untreated) stone and its place of use: Infrastructure of the monumental
entrance and stairs

In addition to the conglomerate foundations, a mortar mixture without rubble stone and bats
were used as the filling material for raising the infrastructure of the platform in front of the cella
up to the podium level and for the infrastructure of the stairs. It is known that mortar was
especially important for the Roman construction technique [18]. In Temple P, rubble stone,
bats, and a mortar mixture without bats were used for the bases of the vault covers of the lower
floor that were placed on the thick outer wall. They were also used for the filling of the platform,
where the monumental entrance structure was located, in front of the cella (Figure 10). In
general, two types of mortars were used: one without bat addition as seen in the masonry and
fillings, and another one with bat addition, where there was contact with marble. As in today's
buildings, rough and fine work was differentiated in construction.

3 CONSTRUCTION TECHNIQUE AND STONEWORK

In ancient times, while architectural ideas and aesthetic creativity were tested by means of
application, special requests encouraged the development of the technique and generation of
new building ideas.

Opus caementicium, one of the most important “inventions" in architectural history, which
Ward-Perkins described as “a turning point in the history of architecture” [19] and Deichmann
as “revolution of building technique” [20] had long been known when P Temple was built.
Although the foundations of the podium of the Concordia-Temple (121 B.C.) has been
considered the oldest surviving example that used this technique [21], a wall-building
technique, where the gaps between the bedrock and the cladding blocks were filled in with
mortar was found at Belevi Mausoleum, a Hellenistic period structure dating back to 280 B.C.
in Anatolia [22]. Thanks to “opus caementicium”, the Romans were able to build more
ambitious, more durable monuments with increasingly larger domes and vaults along with
bridges and aqueducts. As a matter of fact, in 118-125 AD, this technique reached to a peak
with Pantheon, which has a dome of 43 meters in diameter. Especially, the fact that the density
of the components of the mortar used in the Pantheon gradually decreases from the bottom to
the top [23], suggests that they were very competent about statics and the said construction
technique.

In his second book on building materials and construction techniques, Vitruvius compared
the wall technique of the Roman and Greek structures: He criticized the way Romans used
vertically positioned stones and filled in the gap with a mixture of mortar and broken stones
with an aim to form the outer shell and the three-layered method with two outer shells and the
filling wall between them. He stated that the Greeks made the whole wall massive, which
consisted of an inner and outer shell made of carefully engineered stone blocks without using
mortar and the core between them again made of smoothed stone blocks. He praised the Greek
method of emplecton stating that the outer and inner shells were held together by clamping,
stone blocks, or metals covering the entire width [24]. With its wall technique, Temple P is
different from the two definitions by Vitruvius', and even that it is a combination of the two.
The opella revinctum was used along with mortar in the construction technique of the cella wall
of Temple P. Despite its coarse texture, the inner travertine block was prepared by cutting all
the surfaces to have it function as filling in the wall. The mortar used in the space between the

10
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bearing core and the coatings does not have a bearing function. The load bearing function is
predominantly assumed by the travertine core in this wall technique. Although Lamprecht
asserts that generally the core wall was responsible for load bearing in concrete structures of
the Roman period, he meant the core made by opus caementicium [3]. In Temple P, the
travertine core layer assumes that function.

4 CONCLUSIONS

- The selection and distribution of materials suitable for the purpose of Temple P is only
possible with great building experience and material knowledge. Because it requires
an insight into not only the bearing capacity of the material, but also the likely
movement and pressure forces that may occur in the structure.

- Master builders preferred to use as little material as possible in each period. This
approach had a positive effect as a working method on the acceleration of the
construction process and the construction economy. We can define this as
rationalization: Nowadays, the concept of rationalization means the use of modern
production methods, in which better results can be achieved with the same effort or the
same results with less effort. It can be said that this approach also applies to Side
building masters from during Antiquity. Use of opus caementicium and opus
revinctum, where it's deemed necessary, is an example of the foregoing. It must have
provided a rapid construction process beyond being an economic option.

- Nowadays, while there are standardized ready-made ceiling elements produced in high
numbers taking into consideration a certain tolerance in dimension, a 'same style'
production mode was preferred in "Temple P', which allowed conducting adaptation
processes during assembly. As it is today, the construction elements were pre-finished
elsewhere as much as possible, in order to ensure easy and quick production during
construction. However, no cassette element at Temple P is exactly the same as another
but used as mirrored due to symmetry at most. Nevertheless, even in this state, it is a
candidate of being a pioneer of prefabricated production.
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