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Abstract

The oldest man-made false-arch stone bridges asepted and briefly described. It is
shown that this construction technique was baseth@experiences of the first builders,
formed at the junction of ancient Egyptian, Mycearaeas well as Assyrian and
Babylonian cultures. Arches in such bridges haveyrbbeen constructed in a classical
manner, i.e. one that was later prevalent by thend&s, but these were only the
primitive arch-like structures, with a false needtrult, that were shaped mainly by
corbelling. This type of the structure, if it wased in bridges, turned out to beuch
more stable than the well-known at that time ancthmonly used in gateway passages
oval “true-arch” built from sun-dried mud bricks.
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1. INTRODUCTION — THE ANCIENT DOMES AND ARCH-
VAULTED GALLERIES

It is common knowledge that the oldest man-madédimgj structures, if these
were built of stone, were erected in the so-cglest and lintel system. In such a
system the relatively heavy horizontal beam elemdntming a roof, were held
up by the other vertical elements, strong enoughsanvery thick, giving at that
time such a free span between them which could b®otvery spacious.
Increasing the size of this space became possiliie adter the use for roof
construction of the primitive arch-vaulted struetult is historically confirmed
that the roofs of this type were able to build agyeas 6000 BC, in circular
buildings supporting beehive-shaped and corbelladtgd domes made of
unfired mud bricks. These can also be seen as witd@d until today,
sometimes even in the version made of stone blmstsead of the fine-grained
brick structure typically used in an ancient Neast&erritory. This case occurs
for example in relation to the megalithic tomb edlINewgrange, located in
Ireland near the present-day Dublin, which wastanbund the year 3200 BC
(Fig. 1-left). It is amazing that some ancient deike roof structures can be
seen today in the background of a bas-relief oaigig from the famous
Assyrian palace in Nimrud (Fig. 1-right).
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Fig. 1. Left — A view from the inside on the coileelshaped stone vault of the
Newgrange tomb [W1Right — A drawing that maps a bas-relief excavétenh the
ancient palace in Nimrud in which the dome-likefsoon the buildings are shown in

detail [W2]

Simple brick and stone domes, as we know them feamy antiquity, were
always geometrically double-curved structures dmsl fact ensured their self-



SELECTED ANCIENT STONE BRIDGES 165
WITH CORBELLED FALSE-ARCH STRUCTURE

stability after erection, without any additionaéatments. It was much more
difficult, however, to build at that time of thensa material the arcaded galleries
with arch-vaulted roofs, entering to the tombsmthe other chambers covered
with such domes. These were geometrically singteezli structures, and this
caused that their stability could not be ensurethaut any separate bracing
system. Relatively early it was noted, howevert tha arch-roofed galleries of
this type couldbe easily built as the brick gateways being selbist during
erection if only these galleries had been fixedheir “starting-points” on the
non-deformable wall. Structures erected in this veag called today as the
pitched-brick vaults because the successive bagkrs were leaning (pitched)
in them at an angle, each layer leaning againsotienext to it (Fig. 2-left).
Having thus constructed the preceding layer the tegper was laid above it,
with the bricks set at the same angle or, alterabti laid upright, especially for
the front layer. Pebbles and mud mortar were iedeud fill in the gaps between
the bricks on the outside of such the vault. Thishhique of the arch erection
allowed the gallery to be completed without the aé&entring (which is the
name of the temporary and most frequently woodcgire upon which the
stones of an arch or of a vault are laid duringstrmuetion). If, as in the cause of
an archway, there was no wall at the end of thendinone had to be
constructed, which was removed when the arch wagplated. Though many
brick gateways erected in this way and excavatedatampaeologists in the
territory of the present-day Egypt are dated to@hed Kingdom period the best
known arches of this type are slightly younger. Sehevere discovered in the
Ramesseum [1].
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Fig. 2. Left — Technique of the construction ofesgage with pitched-brick vault, a front

view as well as the top and side viefM#3], Right — A typical composite arch-vaulted

roof of a gallery passage with inner rings madspecially-shaped bricks and forming a
centring for upper rings of ordinary bricks (acdaggto [1])



166 Mariusz MASLAK, Doncho PARTOV

In the case when the great archways were construitte inner rings of
specially-shaped bricks were used as a centring feuccession of the upper
rings of ordinary bricks. These inner rings laidthe stretchers towards the
longitudinal axis of the tunnel. Despite the fdwttsuch special rings had been
used before for centring the arch, these wereembved when the upper rings
were completed (Fig. 2-right). A good example dbttype false-arch gallery
seem to be the gateways discovered in the necsopelled El-‘Asasif and
located near the ancient Thebes. These remnanatsade passages with a span
of 13 feet have six visible rings of bricks [1].0Bably the next four rings still
remain inside this structure so none of them canplexisely examined.
Consequently, it is not clear how many rings ofcggdearch-shaped bricks were
originally constructed.

2. CONCEPTS OF THE STONE FALSE-ARCH STRUCTURE

The specific technique enabling construction ofrapke arch-vaulted gallery,
described in the chapter introducing to this papesyed to be ineffective if it
was intended to be used in bridge engineering. \Ebeidge is a relatively
narrow structure so it was impossible at that titoebrace it efficiently,
transversally to its longitudinal axis, by fixinge@h arch at its end to a non-
deformable wall. In addition, the narrow archesuich a bridge should be set in
a different order, not one after the other asaktplace in the galleries, but one
next to the other, creating a free-standing strectli was also important that
ancient engineers sought to construct the briddeshwwvere made of stone, for
the proper durability, but it was possible onlyhifs material was available in the
nearby area. Let us note that in early antiquityfoundreds years people had
been able to built the oval arches, but only o&tre¢ly small free-span, that
were placed as the gates in the city-walls or éwehe ziggurats. These types of
the arches, however, were always constructed off gmeaes of fired or even of
unfired sunny-dried mud brick, never of stone bkck good example of a very
old arch of this type may be partially reconstrdctgate to the ancient
Edublalmahr temple in Summerian Ur dating backXt0@®BC (Fig. 3-left) and
also a similar arch being a part of the Elamitegaigt in Chogha Zanbil
originating from 1250 BC which was built by the gibintash-Napirsha (Fig. 3-
right). Due to the limitations in material strendtie structural solution of this
type could not be taken into account when the #&kehbridges were
constructed.

Forming the arch in a construction made of stdoekls required in the early
antiquity the application of a completely differeaathnique. One of the specific
ways to obtain this effect was that invented byiemtcEgyptians. The pointed
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gable-wise roof was formed in this manner by pafrkarge stone slabs leaning
against each other. The uppermost relieving oKilng’'s Chamber in the Great
Pyramid and also the burial chamber of the PyraofidJnas were roofed

according to this concept. In general, the samenfaf roofing can be

freequently seen in many much younger burial chasbbating back to the

times of the Middle Kingdom. Let us note that dgrihis period under surface
of such the stone slabs was sometimes cut to gaveffect of an arch. In many
cases the top of the slabs in roofs of this type llacked by a hinge-like plug
in order to prevent them for slipping (Fig. 4-left)
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Fig. 3. Left — Partially reconstructed flat ,truech” brick gate of a small free-span to

the Edublalmahr temple in Summerian Ur dating kack100 BC [W4], Right — An

opening topped with a flat “true-arch” being a pafrthe Elamite ziggurat in Chogha

Zanbil, originating from 1250 BC, reconstructedtidly from original brick (photo
taken in 2015 by M. Mdak)

under surface of such slabs cut to obtain the effean arch (according to [1]). Right —
A false-arch flat stone gate shaped by corbeliWg]
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Undoubtedly, the approach most commonly used byamaient ancestors to
obtain the flat arch-like stone structures was toastruction of so-called
corbelled false-arch. The arch of this type wasterk by offsetting successive
courses of the stone blocks (or bricks) lying icleaourse, after the wall had
attained the required height, somewhat further éodathan the one below. This
was made simultaneously from each supporting gidiethe courses were close
enough to be spanned by a single roof-block (Fiaght).

The earliest corbelled stone roofs, as we know theday from an ancient
Egypt, are those from the chamber in the Pyramifirafferu at Meydim (about
2600 BC) and from the Grand Gallery of the GreatRyd of Giza (about 2560
BC). In the period of the Middle Kingdom similar rbelling technique was
frequently used in the roofing of chambers bothydunger pyramids and in
mastabas. The best preserved of this type seerhe tbe structural solution
applied in the chamber of one a mastaba locat&hhsh(r, which was built in
times of reign of the Xil dynasty (1991-1802 BC) [1]. Let us note, however,
that these relatively early-dated examples refethtoarches used to built the
three-dimensional roof structures rather than &ftat two-dimensional arches
discussed in this chapter and, without a doubtendifficult to construct.

Ancient Egypt was not the only region where thedadrch structures were built
using the corbelling technique. In this chapter algo want to mention the
comparably old building tradition which has beewaleped in the world of the
Mycenaean culture. In fact, the Mycanaeans were tie builders of many
unique objects where corbelling was successfullplieg. However, the
specificity of their constructions was the factttha contrast to the Egyptian
structures in which the carefully worked stone kfowhere generally used as a
basic building material, only the so-called Cyclapewalls were built, of
unworked stones. Of course, the typical corbeldefarches could be easily
constructed also from the stones of this type. Hanewe would like to draw
the reader's attention to one construction detail seems to be specific for this
culture. The Mycanaeans in the structures whichewmrilt by themselves, if
they intended to make an entrance hole in Cyclopeals, could effectively
distribute the gravity vertical loads into two sopjng reactions arranged on the
sides, doing so thanks to the application of adampngularly-shaped rock
block. Such a stone block was acting there asamstelief disc standing on the
massive horizontal beam of the architrave. Thisvatld for such the opening to
obtain a free-span that was significantly largemtithat being achievable when
using the archaic post a lintel system. The mastolus disc of this kind was
that applied in the Lion Gate (1&8entury BC) which was constructed as a main
entrance to the citadel of Mycenae (Fig. 5-left).
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Fig. 5. Left — A corbelled stone false-arch appliethe Lion Gate structure in the
citadel of Mycenae in which the massive triangdiac relief the architrave beam [W6].
Left — An analogous triangularly-shaped corbelliehs false-arch used in the entrance

to the tholos called the “Treasury of Atreus”, lezhalso in Mycenae but on the
Panagitisa Hill, in which the large stone discas imserted into the gate structure [W7]

Such a triangular shape is in general specifichto whole considered region
because it was repeated many times, always wheartzgle gateways to the
numerous tombs or temples were constructed. Isserdial, however, that the
stone disc itself was no longer inserted into thee gstructure. This concept is
very well visible in the corbelled triangularly-gfea construction of the
entrance to the tomb called the “Treasury of Atidlasound 1250 BC), also

located in the ancient Mycenae but on the Panalitsé-ig. 5-right).

Let us note that an analogous triangular shapecofizelled stone roof one can
observe also for an archway tunnel dating baclO@21600 BC and excavated
in the ancient Tirins located on the Peloponnesengala (Fig. 6-left). This is

not a surprise because, according to the histormadrds, it was a city that
developed in the circle of the Mycenaean culturds Inot so easy to decide,
however, whether, and if so to what extent, théuérfce of the Mycanaeans
determined the construction technique used forsthelarly corbelled tunnels

that constituted an entrance to the so many Sardimiraghecated relatively

far from the present-day Greece territory. Oneheftunnels typical to this kind,
that being a part of the so-called Nuraghe SantinAr(19™-18" centuries BC)
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which is located in Torralba in Italian Sardinia,gresented in Fig. 6-right for
comparative purposes.

B ]

Fig. 6. Left — A corbelled stone tunnel with a tgalarly-shaped false-arch roof
excavated in the ancient Tirins [W8]. Right — A gancorbelled stone tunnel but in this
case typical for the Sardinian nuraghes, beingraghdhe ancient Nuraghe Santu Antine

(W9l

Fig. 7. Left — The needle-vaulted corbelled stomeasce to the ancient Royal Palace in
Canaanite Ugarit [W10]. Right — Hellenistic corleellstone bridge in Eleutherna in the
Crete island with a purely triangular shape of altviw11]
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The corbelled stone false-arches were at that twom@monly built in the
countries of the ancient Near East territory, éfsthe arcade gateways both to
the tombs and to the temples and palaces. Obviaimslyywere constructed only
in the regions where the stone blocks were eagsiyessible. Let us note,
however, that in those areas the pure triangulapesiof such the openings,
characteristic for the Myceanean culture, was inegal replaced by the other
one being slightly more rounded, and therefore vhelts covered with such
molded roofs are called today as the needle valiits.good example of such
the solution can be the entrance to the Royal Bala€anaanite Ugarit (erected
15"-13" century BC) (Fig. 7-left).

3. THE WORLD'S OLDEST CORBELLED FALSE-ARCH
BRIDGES BUILT IN THE REGION OF ARGOLIDA

After the presentation of basic principles how tmstruct a stone false-arch
using a corbelling technique it is time for a bidekrview of selected arch stone
bridges built in this manner and considered byohishs to be the world's oldest
bridges of this type. Let us start this overviewnfra short description of the
Eleutherna Bridge with a characteristic triangytathaped stone false-arch (Fig.
7-right). This shape of a vault was in fact typiéat an ancient Mycenaean
culture which had been discovered, however, aboattbousand years before
the considered bridge structure was constructed Bitidge is located on the
Greek island of Crete and is still in use. Its e made of the unmortared
limestone blockss undoubtedly very primitive because it is notyeltd. It is
dated on the Hellenistic period only. A more prectiating of this bridge is
hampered by the lack of proper finds, however, i@ab suggests to date it on
the end of the % or even on the beginning of th& 8entury BC. In modern
times the Eleutherna Bridge was firstly describgdrbA.B. Spratt after he had
visited this site in 1853. At that time another iant bridge, also with a
triangular false-arch, was still standing a few dinel metres away, but, judging
from a later report, it was destroyed before thar yie893.

As it was mentioned above, the opening in the camed bridge was cut in the
shape of an isosceles triangle, the height of wiich84 m. The overall length
of the whole bridge measures 9.35 m whereas dthwiaries from 5.10 to 5.20
m, with the structure slightly converging towartisgenter point located directly
above the vertical axis of the false-arch (in fhisce the width of the bridge is
the smallest and equal to 5.05 m only). The to&gt of such the bridge is
between 4.00 and 4.20 m.

It is important to emphasize that the structuretred Eleutherna Bridge is
definitely outdated and it does not fit into itmé. One has to be born in mind
that at the same time (i.e. in th& @entury BC) on the Greek island of Rhodes a
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more modern bridge has already been built in wthehtrue voussoir stone arch
was successfully constructed. This bridge is atibirs service but in modern
times it is used as the famous Rhodes Footbridge.

It is widely acknowledged by historians that thdesit stone arch bridges in the
world, being still used by local villagers, are ttwrbelled culverts that can be
found even today wandering the so-called Mycenaeate which traverses the
Argolida region in the northern part of the Pelopese peninsula. This path
leads today from the present-day Tiryns to theexurEpidauros. On this route
one can found at least three well-preserved catbedirch bridges, especially
near the village of Arkadiko. Suclhé ancient Mycenaean bridge structures
consist of numerous courses of the large limestoloeks that form in
general a corbelled false-arch, shaped typicallyaasinverted triangle,
through which the river flow was once allowed. Wheacessary, the
retaining walls were used to the sides of thesdgbks to protect both the
bank and the bridges from erosion. The most fanamasthe best known of
them is the Kazarma Bridge, called also as the dikkaBridge (Fig. 8-left).
This structure is ating back to the Greek Bronze Age, i.e. to théopet300—
1190 BCwhich correspondso the times of the Trojan War. The considered
bridge is 22 m long and 4 m high. Furthermores %.60 m wide if measured at
the foundations level and only about 2.50 m wideelation to the roadway at
the bridge top. It is built of limestone boulderghsut binding mortar, in the
characteristic Mycenaean masonry called "Cyclopedrie other famous
corbelled false-arch stone bridge, made of the saaterial and located on the
same aforementioned Mycenaean route, is the PetnggeBridge (Fig. 8-right)
sometimes named as the Western Arkadiko Bridgechwlosrosses the same
stream but 1 km to the west of the Arkadiko Brid@bese both bridges are
similar both in size and in appearance, however,Rétrogephyri Bridge has a
larger free-span and a little higher vault. Thedtancient corbelled false-arch
stone bridge, the one located nearest to the prdsgrEpidauros at the eastern
part of the Mycenaean route, is not used todayusecat this site only the ruins
of the previous bridge have been discovered.

A fourth, well preserved and well known Mycenaeadde is that located in the
region of Lykotroupi, so it is called as the Lykmipi Bridge. This structure,
however, is a part of the other historical Mycemaemsad. In spite of this fact, its
measurements are close to that characterisingrtkeed/o Bridge. In particular,
it is 5.20 m wide at the bottom and 2.40 m widehat top. Furthermore, this
bridge is 15 m long and its total height is eq@aRtm. It has a corbelled stone
arch with a free-span of a little more than 1.00 m.
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Fig. 8. Left — The Kazarma Bridge also called asAhkadiko Bridge, the current
state [W12]. Right — The Petrogephyri Bridge alsown as the Western Arkadiko
Bridge, the curent state [W13].

According to [2], one more bridge should be addethe group containing the
previously described antique false-arch stone ksdghich were built by the
Mycenaeans using the corbelling technique. Thighis ancient Dragonera
Bridge with the structure which is abdis m long, 4 m wide and 1.5 m tall.

It is worth emphasizing that the construction ppies relating to the ancient
Mycenaean pseudo-arch stone bridges, based on dbeofi a corbelling
technique which seems to be typical for people V¥ived at that time in this
region, especially with respect to the cases wimy erected the structures
made of the huge Cyclopean blocks, has not yet Lmdficiently well
understood from the engineering point of view. Arquestionable gap in this
field seems to be partly filled by an interestingrkv [3] in which the static
behaviour of two best known Arkadiko Bridges islgsad in detail for the case
when these structures are subject to externaltgteorial loads.

4. SENNACHERIB’'S AQUEDUCT AT JERWAN AS AN
ANCIENT CORBELLED STRUCTURE ICONIC FOR
ASSYRIAN BRIDGE ENGINEERING

In the previous part of this article it was pointaat that in the countries of an
ancient Near East territory the corbelled stonsefarches were in general
formed to be slightly more rounded than those b&mpdgral for the Mycenaean
culture. For this reason, the vaults shaped inrtt@isner are usually called as the
needle vaults. A detailed overview of the stoneldes with such the arches,
both ancient and early medieval, is given in [4].this chapter we want to
briefly describe the only one particular bridge tbis type, that which is
considered to be the oldest of them all. The rertsnahsuch the structure have
been discovered in the present-day Jerwan whidocated in the Nineveh
Province of Irag. These are the very extensivesroinan ancient aqueduct-like
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structure being only a part of the artificial Atu€anal that was built by
the Assyrian king Sennacherib between 703 and 689@oBwvater the Ninevah's
extensive gardens, with water diverted from the ihiéGorge, 50 km to the
north. The route of this new canal required cragsin its water over the Khenis
River, perpendicularly to its current. To do thHie tAssyrian engineers had to
built an arch bridge at the site of this atypigailersection (Fig. 9-top). The
aqueduct under consideration was constructed okedostone blocks bonded
one to the other using the waterproof cement-li¢emial to prevent the leakage
of water. It measures about 300 m in length anchi width (Fig. 9-bottom).

Fig. 9. Top — A general view of an ancient Sennableaqueduct with a bridge at the
place of the intersection between the new artificémal and the current of the Khenis
River, as we imagine it today (according to [S[)A14]. Above - An inventory of the
state preserved to the present day, depicted osidbeview as well as on the horizontal
projection of the original structure (accordind%¢) — [W15]
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Fig. 10. Left — The cuneiform inscriptions on then® blocks used for construction of

the Jerwan Bridge structure, preserved to this[d&6]. Right — A current view of one
of the corbelled false-arches used in the bridgkeunonsideration [W17]
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On some of the stones used for the constructiomuheiform inscriptions have
been preserved to this day, glorifying the aqueétmatder (Fig. 10-left). In Fig.
10-right one can see a current state of the reranaing one stone false-arch
being a part of the bridge structure. The wholeedqgat, as we see it today, is
inventoried in detail in [5]. In the same reportreconstructed view of the
structure of considered bridge is proposed (Fig. There are also discussed all
the inscriptions deciphered by historians. As care see in Fig. 11, the structure
of a bridge under consideration was supported kytypical corbelled false-
arches with needle vaults.

It is very likely that this Assyrian stone bridgself was reported by ancient
chroniclers as the famous Hanging Gardens of Babyihich are known as one
of the Seven Wonders of the Ancient World. In factyas only a part of the
irrigation works carried out on a much broader ec&8uch a hypothesis [6]
seems to be confirmed by an ancient bas-reliefvested in the ruins of the
North Palace of Ashurbanipal at Nineveh which isreuntly exhibited in the
British Museum of London (Figs. 12 - left and 18ght). It is easy to see that
the considered bridge is depicted in such a retigk upper right corner. Let us
note that king Ashurbanipal (669-631 BC) was a dsan of the king
Sennacherib (705-681 BC) so it is not a surpriat itk wanted to keep his deeds
for posterity.

Fig. 12. Left — An ancient bas-relief excavatedrfrthe Ashurbanipal’s North Palace in
Nineveh in which the Sennacherib’s bridge is deuidiv18],
Right — A drawing that maps such a bas-relief [W19]

5. CONCLUSIONS

In this article, by describing the oldest stonehabridges which have been
identified by historians, we tried to show that tae dawn of time their
development was conditioned by the limited skilfsttee ancient builders. At
that time, the principles how the external and rimaé loads subject to the
structure could be transferred into its foundatimese understood only intuitive,
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and therefore those builders were unable to cartsthe true voussoir arches,
especially when such arches should be made ofube stone blocks. For this
reason, a technigue commonly used in ancient timésidge engineering was
the construction of the primitive false-arches thate built using the corbelling.
However, it has to be admitted that at the samee talso the alternative
techniques of the arch construction were knownhi®e &ncients, but these
concerned mainly the objects erected from sun-dned bricks of a relatively
small size. Due to the difficulty in ensuring thakility of the constructions
built in this way, these alternative techniques eveather used only in three-
dimensional objects such as domes, vaults and exgailteries. Construction of
such the primitive false-arches had been develapeifferent ways in various
regions of the ancient world, but, certainly, dltloese techniques, described by
us in this paper, have common roots being signiflganuch older. These take
their origins as early as in the times when the afidgc structures had been
built which was in general thousands of years leefioe bridges discussed in our
paper were constructed.
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WYBRANE STARQZYTNE MOSTY KAMIENNE Z tUKAMI O KONSTRUKCJI
OPARTEJ NA tEKU POZORNYM

Streszczenie
W artykule krotko opisano najstarsze zidentyfikowaprzez historykéw stazgtne
tukowe mosty kamienne. W mostach tego typu, z uwegbgraniczone umigjosci
6wczesnych budowniczych, do konstrukcji stosunkgsgmitywnych tukéw nénych
stosowano na ogoét tak zwane fatszywe sklepieniatepsa zasadzieeku pozornego.
Zaprezentowane techniki wznoszenia takich tukowikaty z dawiadczeér rozmaitych
ludéw zamieszkucych ré&ne regiony$wiata antycznego. Rozwijalyesone w zasadzie
niezalenie, na styku oddziatywania wielkich kultur, w tym szczegdlnéci kultury
star@ytnego Egiptu, kultury mykiskiej a take kultur babiléaskiej i
wczesnoasyryjskiej. Pomimo pewnych zm& specyficznych dla poszczeg6inych
rozwigzaa konstrukcyjnych spotykanych w adych lokalizacjach di@ tatwo da s
rozpozna wspélne korzenie wywodzone Wide ze stosowania tej samej dla wszystkich
podstawowej zasadyeku pozornego. Zanim efektywnie wykorzystang w
konstrukcjach mostéw zostata ona wielokrotnie zdikoyvana przy wznoszeniu
obiektéw trojwymiarowych, w tym w koputach megatignych toloséw oraz w
prowadacych do tych grobowcéw arkadowych galeriachsaiewych. Luki tego typu,
ustawione arkadowo, jeden za drugim, stanowity edwelementy néne bram
wprowadzajcych do stargytnych miast is$wiatyn. Technika konstruowaniacku
pozornego byla w zasadzie jedymostpra jesli budowano z lepiej lub gorzej
obrobionych wielkich gtazéw kamiennych. Tam gdziedgtawowym budulcem w
miejsce trudnodogpnego kamienia byla suszona nansto drobnowymiarowa cegta
mutowa w analogicznych galeriach skutecznie kszteino réwnie tuki sklepione
owalnie, byly to jednak tade tuki pozorne, nie zawieraty bowiem w sobie klasygo
zwornika.

Stowa kluczowe: kamienny most tukowy, tuk fatszyveklepienie igtowe, tuk z cegly
mutowej, £k pozorny, przepust, akwedukt
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