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At the end of the 1970s, I was assigned to draw up a project for the restoration of two
outstanding churches of the VI-VII centuries in Mankhuti, near the village of Sarachlo,
Bolnisi region. One, located on the hilltop a small hall-type structure with a side-room on
the northern side, was half-destroyed. The second church, below, standing on the slope, is
characterized by a projecting horseshoe-shaped apse. For the complete restoration of this
church, almost all the elements (two rows of the vault and the level of the cornice with
rectangular moukding) were preserved. The churches are almost contemporaneous, they
have much in common, the altar apses and entrances with lunette are performed in the
same pattern. However, the handwriting of different architects, craftsmen and apprentices
is clearly visible. The upper church was built earlier, probably in the last quarter of the 6th
century. Its mastery is more academic. The builder of the lower church is trying to demon-
strate filigree craftsmanship and polychromy of tuff. The arrangement of the lunette and
the color range of the northern facade is incomparable. The construction of the southern
facade was also started with colored stones, but the craftsman was not allowed to proceed.
The brightness of yellow tuff on the arched apse is moderated by turquoise cinctures. The
craftsman is allowed to mix wine-colored tuff on the western fagade, whereas the northern
fagade are plain. The western and northern facades of both churches are blind, and the
walls here do not even have a plinth (socle).

Initially, we did not intend to completely restore the upper church, but we considered it
necessary to do a proportional analysis for graphic reconstruction. During the research, our at-
tention was drawn to the following circumstance: the separate dimensions of the upper church
were a multiple of 13 cm, and those of the lower church were a multiple of 7 cm. Among the
measurements known in the history of world metrology, the multiple of 13 cm is the Egyptian
royal cubit, 52.35 cm (52/4), and multiple of the 7 cm is Asia Minor foot is 34.9 cm (35/5).

During the cleaning works carried out on the monument, a scratched grid of 7 and 13-
cm was found on a 21 cm high fragment of cornice with rectangular moulding. It seems
that these two measurements are part of a single measurement system. ‘Adli’ is divided
into two and three parts. 52.35X2=34.9X3=104.7 In turn, these two measures probably
consist of smaller units, which allowed to build the construction of different proportions.

In biblical sources, there are several references to a measuring rod made up of different
size units, so-called ‘leltsami’. As an example, I will cite the Oshki-Jerusalem manuscript
of the Book of Ezekiel: ‘The length of the measuring rod in the man’s hand was six long
cubits, each of which was a cubit and a handbreadth.” However in the Gelati version it is -
“leltsami’ of the size of six cubits and a ‘gojeuli.” (Ezekiel, 40,5)

In the first version, the measuring rod has cubits and handbreadth as units, in the sec-
ond, it has cubits and a ‘gojeuli’. "It took Solomon thirteen years, however, to complete
the construction of his palace. He built the Palace of the Forest of Lebanon a hundred



#(39998 Bgemobab 0396985 Lmemm3mba Labasbemgb s dmemmb ESILEWES. 50dgbs
m0d36ab Gyob Labma, LogMdao sbo ByMms, bogsboo MAIM(3EssSM0 ©S Ladsmmam
mEEssm0.“ (Lgg@nEbmgmab gqa8ab dmBs) (1 Igggos 7:1-2).

Lyembsb-bsds  mAdgmnsbab  ,mgdbogmbo  JoGorgema®  LogMdol  Lobmado
9600 gmgdol Labgmbmegdgdl sby gobdam@egl:

gxo — Lddo doemo g gxro SML. ghmo gxo oML Lado smsbo dogo, MmMIgmbe
BMbabo mamal 1bmwgb.

emgembsdn Lydmdabs — gbg oML bamo (g(mbn) Labmgemn, MmIgmo  gbgzasl
40 oogbs BgMom oML, gbg ogm bdmdoo gdsbo 3830390, GMIgmbs oMdms
35md@mbbo doddow ¢bmob.

dbatin — mobo byGomes gimo dbsto sMb, goMmg mEmegg bgmms bEmmow gsb3wms.

By — 560 nayznmasb momal bggMsdwg.

d0x0 3 63300 336nymegdash: badoxo oML gMmol gggMmbolb gofmmsemads, bmemm
dogo dgmMolb aoMEsbs(3zmgds, Mmdgmo dmdom 0ddbgdals byon Ggfgn ggmbo
35Md0ads.

3mMRIPeo — gLy 5OL MEMe3g (390 gmKgoo dgytnom LogMdgdgc.

SbnMm3mdgGFmo  sbomobom  byMms, dsbdomo  owsyznsb  dygsmamals
630623) dgagds 2 383039eobasb (3960 @ by3n gogadymo), 3B 3sggero —
2 6960bgob (baqmb 6‘@@0), (3000 (Ggﬁm s Lohggbgdgmo 303«)8‘3@0) dgoaqbl
bymonb 2/5-b s ByHomal dgmmbgomsb, 6gdmsb mdmmb 339m0l 3Gm3m30sdns.
axmm d3060g boowgs amxgynmo (mﬁ)mo&] (3960 gmxgdo dgyMoom bng@da%g@),
o3 ByPoob 1/6 s mg@B8olb 1/36-0s. agcm 33069 boowgs 6930 (6935 Momals
dmmm babbomn), gamggnmob 3gbsdgwn, bmmm smob 1/36. 8306 9bo bowogs
oomo (Igomomol gobogo Bm3s), amxgnmob dgmmbgwo, bmmem ByGoal 1/24
boboemo.

98303&6 Ladgmm ByMmabomsb dgbadsdobo dMm3mm oo dmdgdo ngbgds:

® mgMbsdn — 6 Bymos 52.35%6 = 314 LI(P)

e 3bsmn, boggbo — 4 Bymos 52.35%4 = 209 L3 (10 (30000)
® 30d3s> — 6 3839390 = 3 byGos 52.35%3 = 157 L3
® Seoemn — 2 byors 52.35%2 = 104.7 1Ld

e Bymos — 52.35 1d

® 383939emn — 52.35/2 = 26.175 1,3

® (3000 — 52.35/5%2 = 20.94 1,3

® bg9d0— 26.175/2 = 13.08 1.3

* amxgymo — 52.35/6 = 8.725 1,3

e bggn— 8.725/3 = 2.9 113

e ooomo— 8.725/4 = 2.8 113



cubits long, fifty wide and thirty high.” (dimensions of the Svetitskhoveli Cathedral
ground plan) (1 Kings 7:1-2).

“The Georgian Dictionary” by Sulkhan-Saba Orbeliani explains the names of units
of length as follows:

Eji - one “eji” is three miles. One “eji” is “three thousand “biji” (pace), which the
French call “legha”.

Leltsami sazomisa (a measuring rod) - this is a measuring rod, which is written in
the 40th chapter of Ezekiel. This was the size of six “mtkaveli” (span), which the Turkish
stonemasons called “shimsha”.

Mkhari (an arm) - one “mkhari” is four cubits, and also length of both arms fully
stretched out.

Tskrta (a cubit) - It is the distance from the elbow to the tip of the finger.

”Biji” and “nabiji” (pace and step) are different: “nabiji” is one walking step, however
”biji” is the distance on level ground between the heel of one foot and the heel of the same
foot where it next touches the ground, also size of which makes five footsteps.

Gojeuli - this is the length of two joint thumbs.

According to anthropometric analysis, a cubit - the distance from the elbow to the tip of
the middle finger is 2 “mtkaveli” (span)(a thumb and a little finger stretched), “mtkaveli”
is 2 “nebi” (a palm of a hand), ’tsida” (a thumb and an index finger stretched) equals to 2/5
of a cubit and is in golden ratio with “nebi”, a quarter of a cubit. “Gojeuli” is a smaller size
measure (the length of two joint thumbs), which is 1/6 of a cubit and 1/36 of a “lertsami”.
“Neki” is even a smaller size measure (the last joint of the little finger), a third of a “gojeu-
1i”, and 1/36 of an “adli”. The smallest size measure is “titi” (transverse size of the middle
finger), a quarter of a “gojeuli”, and 1/24 of a cubit.

Proportional measures corresponding to the Egyptian royal cubit are:

* Lertsami (measuring rod) - 6 cubits 52.35%6 = 314 cm(P)
* MKkhari, sazhen - 4 cubits 52.35%4 = 209 cm (10 handbreadths)
* Shimsha - 6 spans = 3 cubits 52.35%¥3=157 cm

o Adli - 2 cubits 52.35%2 = 104.7 cm

e Tskrta (cubit) - 52.35 cm

» Mtkaveli (span) - 52.35/2 =26.175 cm

e Tsida (handbreadth) - 52.35/5%2 = 20.94 cm

* Nebi-26.175/2 =13.08 cm

* Gojeuli - 52.35/6 = 8.725 cm

* Neki-8.725/3=29 cm

* Titi- 8.725/4=2.8 cm
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The multiple measures of an Asia Minor foot (34.9 cm) are:

e Fathom - 6 feet 34.9%6 =209 cm

e Pace - 4 feet 34.9%4 = 139.6 cm

e Arshin - 2 feet 34.9x2 = 69.8 cm

* Foot-34.9 cm

e Half-foot - 34.9/2 =17.45 cm

* Quarter-foot - 34.9/4 = 8.725 cm Same as gojeuli

There also were other measurements in ancient Georgia:

* Aghaji - originally it defined the distance between the poles on the roads. Then it be-
came a measure based on time and was equal to the distance covered by a rider in one
hour. Because of this, its length fluctuated in the range of 5.7-6.7 km at different times.

* Eji - a unit of distance measurement in Georgia in the 12th-18th centuries. It was
equal to 6-7.5 km. “Eji” was the distance traveled by a camel in one hour.

* Pharsangi - same as “eji”.

* Tophi (a gun) - a unit of measurement in ancient Georgia. In the 18th century in
Georgia, fabric was measured with “tophi”. The length of “tophi” was 8-10 meters
(8-10 adli).

» Mandzili (distance) - unit of distance measurement in the 18th century Georgia. It
came from Iran 15.5 km.

* Piri - a measure of chopped firewood. It was equal to 1/4 sazheni (about 53 cm).

Units of measurement given in the Bible are:

e Cubit - 43 cm

* Long cubit - 52 cm

* Measuring rod - (Ezek. 40,5) - 3,3 m

* Arm - (Job 27,28) - 4 cubits 180 cm

* Furlong - (Luke 24,13) - 185 m

e Mile - (Matthew 5,41) - 8 Furlongs 1480 m

e Sabbath-way - (Job 1,12) - 2000 cubits - 1040 m

The Bible. Patriarchate of Georgia. Tbilisi 1989, p. 1216

The ancient Georgian architects mainly used a measuring rod, the so-called “leltsami”,
which was divided by the marks applied in sizes equal to the Egyptian royal cubit (52.35
cm) and the Asia Minor foot (34.9 cm). You will not find the name “foot” in old Georgian
sources. Even in translations the “cubit' is instead. “Biji”, which is equal to two steps, is

also rarely found. Some sources refer to a men's cubit which means a long cubit.
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”For only Og the king of Bashan was left of the remnant of the Rephaim. Be-
hold, his bed was a bed of iron. Is it not in Rabbah of the Ammonites? Nine cubits
was its length, and four cubits its breadth, according to the common cubit.” (Deu-
teronomy, 3,11)

The short cubit, probably a women”s cubit, according to the measuring rod recovered
by us is equal to an Asia Minor foot (34.9 cm). Metrology knows similar examples. In the
Greco-Roman system of measurements, there were palma major and palma minor (large
and small “nebi”). There is a noteworthy report by John of Damascus “...they found a rod,
with three and four cubits” which indicates the division of one measure into three and four
parts. What was the purpose of these units? It allowed the construction of different propor-
tional systems, for example a golden ratio. On the small temple of Jvari of Mtskheta, there
is a proportional relationship of 1/2.5 - 17.45 cm and 7 cm.

“Leltsami” (measuring rod) assembled with an Egyptian royal cubit is equal to 6
cubits (52.35X6 = 314) 3 m and 14 cm, which in centimeters is equal to P, or a perime-
ter of a circle with a diameter of 1 m. A fragment of a similar measuring rod was found
in Novgorod. Its three edges are marked into six different sized parts. The proportions
between the sizes are as follows: if we consider the smallest size A to be the side of a
square, the average size B is equal to the diagonal of this square (the square root of 2),
and the largest size C is equal to the diagonal of the double square (the square root of
5). The measuring rod presented by us has the following proportion: if we consider an
“arshin” (70 cm) as the side of a square, then the diagonal of the square is equal to a me-
ter (99.9 cm), and the diagonal of a double square is equal to adli-and-a-half, “shimsha”,
or exactly three long cubits (157 cm).

In order to clearly see how close the Egyptian-Asia Minor world is to the Georgian cul-
ture, we present a comparative table of the measurements of the separate cultural countries
of the ancient world.

The measurements made on the main monuments of Georgian architecture revealed the

following:

e The overall and other dimensions of buildings consist of the round values of this
measurement.

e In domed architecture, the dome on the transverse facades is mostly proportional to
the lower body.

e In the interior, the ratio of the radius of the dome sphere to the height of the dome
and the height of the lower body is subject to the artistic-stylistic concepts and taste
of the era and is usually a multiple of the distance from the floor to the zenith of the

dome.
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Some of the dimensions of the architectural monuments used in the book have been
meticulously measured with modern technology (3D scanner), and a number of monu-
ments (mainly those of Tao-Klarjeti) have been measured schematically. Accordingly,
some measurements may contain errors that do not cause significant changes.
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3363NLNMO JIA0IISN bIAMOBMIK3MRIBNL
Jd6N336IM3I6ILN dIBRISN.

RITMBENL ANELMAN, dg. 6. Il - | bb. Jors JoBormo
260 X 110 8 = 500 X 210 ByGos; @odoto 44.5 X 21 8 = 85 X 40 ByFos.

QIVMB0L 8062M&H0 d3d. 9. II-1LL.
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LET US CONSIDER THE MOST IMPORTANT MONUMENTS
OF GEORGIAN ARCHITECTURE.

DEDOPLIS MINDORI (the queen’s meadow), 2nd—1st century BC, Shida Kartli
260 X 110 m =500 X 210 cubits; temple 44.5 X 21 m = 85 X 40 cubits.
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6330RIIIAN JIXNLY, I-1l LL. Bos JoGogmn

104 X 96.85 3 = 200 X 185 bymms; dosogstn dmgmsbo 80 X 60 3306 Bytons;
3960bGomamo Labsbmal gdm 60 X 40 3;z0mg bytos; LaoyMom s1ba 1dggdom
120 X 60 3306y Bytomes; ool LEmG3nmbgoo 100 X 40 3506y Bytors; oo
Lababmob doMgzbnsbo smba 520 X 520 13 = 10 X 10 Bymoms; GMndabol bogmdg
90 bymms; oo Labsbemob Logsbg 70 Bymos.

65dO2dIdA0)
dd20Ld  IIL.

=
H
1|
Al
L
-

som

NAKALAKARI DZALISA, 1st-2nd centuries AD, Shida Kartli

104 X 96.85 m = 200 X 185 cubits; main site 80 X 60 short cubits; courtyard of the
peristyle palace 60 X 40 short cubits; swimming pool with basins 120 X 60 short cubit;
rectangle of the pool 100 X 40 short cubits; grand palace fountain pool 520 X 520 cm =
10X10 cubits; length of the tribune 90 cubits; width of the grand palace 70 cubits.
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3MK6ALAL LAMGN, V L. d393m Joioemn

bEYmo boa@dg dzgnma sdbooms ©d (3Mmgmmomn 60 ByMmms; gsdsModmmon
Bmds 50 X 50 Bymms; babsoemagal Loamdg 25 bymos; sbagmgomnl 3gegmo 70
33069 ByMoms. Ladbagnsbol gobo 50 3306y ByMme.

BOLNISI SIONI, 5th century, Kvemo Kartli

Total length with projecting apse and plinth 60 cubits; overall size 50 X 50 cubits;
length of the baptistery 25 cubits; western wall 70 short cubits. Three-hinged arch size 50
short cubits.
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3Ad6NLN, VI L. dos Jstaema

65 X 30 Bymms; dmogatn bogo 15 byGo.

B —

7l i i

URBNIS], 6th century, Shida Kartli

65 X 30 cubits; main nave 15 cubits.

15



21 X 13 3 =40 X 25 Bymome.




JILIANL 63. 3NMA3N, VI b. s JoGogmo
13 X 10.5 8 = 25 X 20 Byeions.

M / ///W

KASURI ST. GEORGE’S CHURCH, 6th century, Shida Kartli
13 X 10.5 m =25 X 20 cubits.
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34340, VI-VII b. §393m JoGorema

3mgmemo 25 X 20 Byeoms;
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al length with projecting apse 30 cubits
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Plinth (socle) 25 X 20 cubits; tot

AKAURTA, 6th-7th centur

\



3360010, VI L. §393m Joorema

VANATI, 6th century, Kvemo Kartli
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dBLAINL R3IdAN:

Bnbagdmab@nsbymn Ls@sdMm 3m33emgdLob 6odmgdo:  3ggmo ©oo  Godmab
sbogmgo 33magzdn 2 Bydms = 104 L3; 3mgmemab baggbya 3@ 3oggmo = 26 1L3;
M3l bodsemyg 38 3039m-bsbggatn = 39 L3; 39mgmo 3306 Godmab 4399,
sdmbogmgomnm 2 bymos = 104 L3 = 8 ghogymo. 03539 3gmob gsamdgmads
330609 &odMob badbMgma 3gomal 4393 MM 3o39m-bsbggzatin, 65 L3 =5 gMmgema.

30ty G3dotn — bogmdy 25 3306 ByFms; oMdabol Logfmdg 20 J3nmg ByMms;
dgmogqdo 10 ByFoms; 30Mbnbsdwg Lodsmemg 10 Bymms; smdmbagmgmo ba 3demals
3Ll ggo 4 X 2 33069 byGos. sedmbagmgmo bamzdgemo 4 X 1 33069 byFoms.

1. oo @adstn. Loamdg 40 byGoms sbgy 60 G0, boasby 50 g, Lodsmemy
058530056 bggmmb bgbo@sdwg 40 bytms obyy 60 ggBo. 3mbggdl dmeal
dsbdno 20 ByMoe.

2. a93dom0 J3gmd Gobmsb mJmmb 3390m0L 3HM3mMM(305d0s. K360l 33meg9dal
39660B0sb 3nddsmal 3oMbnbsdg 7 3-0s, sbvy 20 d(306g byFoms. a3dsmals
asb0 11.4 3, Go3 mdmmb 339006 3EM3MA (3005, §DML MboEsb 33mseggdols
39M60bs3g amddsmol gobol bmdss 11.4 3; Godfal dzgms Gobob gsbogo
Bdmdss 22.68 3, o3 obgzg MmgMmb 3ggons 11.4 3-0sb.

3. 0b@gMngcda g3dsmol Lodoceg s ©sdg@Mn Gmeons. 83 dm3dal bbgsmds
dos  LoBommgbmsb, 21 3-msb (40 ByGms) amddscolb oy dmdobs s

J39058560b Lodsmeals Gmemos. 0b@gMngmdo amddsmabs ©s Jggms bodsemol
bbgomdss 2R / 2.5R-0156.

JVARI MONASTERY IN MTSKHETA:

The remains of the pre-Christian cathedral complex: the wall in the western wing of the
major church - 2 cubits = 104 cm; step span of the plinth = 26 cm; height of the plinth is
one and a half span = 39 cm; wall under the small church, 2 cubits to the east = 104 cm =
8 units. Extension of the same wall under the southern wall of the small church is two and
a half spans, 65cm = 5 units.

Small church - length 25 short cubits; length of the hall 20 short cubits; arms 10 cubits;
height to the cornice 10 cubits; east window headstone 4 X 2 short cubits. East window 4
X 1 short cubits.

1. Major church - length 40 cubits or 60 feet, width 50 feet, height from the floor to
the apex of the sphere 40 cubits or 60 feet. Distance between the conches 20 cubits.

2. The dome is in the proportion of the golden ratio to the lower body. From the
cornice of the arms of the cross to the cornice of the dome is 7 m, that is, 20 short
cubits. Width of the dome is 11.4 m, which is the proportion of the golden ratio.
The width of the dome from the level of the courtyard to the cornice of the arms
is 11.4 m; transversal size of the lower body of the church is 22.68 m, which also
forms the golden ratio with 11.4 m.

3. The height and diameter of the dome in the interior are equal. The difference
between this size and the inner height, 21 m (40 cubits), is equal to the outer size of
the dome and the height of the lower body. In the interior, the difference between
the dome and the lower height is 2 gh/2.5 gh.

20
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6AM3N, VIl L. Jos JoGoemn

1.
2.

50X40 Bymoms; a93dscnb 33sMs@n 15 Bymme.

addsmo semEagbogmos 3Mm3mezonl bgbob a(33000. Godfol Bobal Lodagamyg
13 3 = 25 bymms; sedmbagmagomn (3m3menal bogdg 21 38 = 40 bymoms (21 X 13
mdBmb  339000); am8dsmal ygemol LoBsweg 5.2 8 = 10 Bymons; gmddsmols
3Om3mM 300 dbggg mdMmb gggmos 9.3/5.75 = 1.618; anddscnbs s Gobab
3Om3mezns 1/2.5.

. 0689M0gMdn bndsmemg amddsmadeg 13 3 =2 5 Bymms; addscnl bndscoenmg 8.73 3

= 25 33069 byoms; amddocnbs s dgges bodsmeal bbgamdss 2.5 R /3.5 R.

TSROMI, 7th century, Shida Kartli

1.
2.

50 X 40 cubits; square of the dome 15 cubits.

The dome has been restored following the rule of proportion. Height of the church’s
body 13 m = 25 cubits; length of the eastern plinth 21 m =40 cubits (21 X 13 golden
ratio); height of the drum of the dome 5.2 m = 10 cubits; proportion of the dome is
also the golden ratio 9.3/5.75 = 1.618; dome to body ratio 1/2.5.

. In the interior, height to the dome 13m = 25 cubits; height of the dome 8.73 m = 25

short cubits; the difference between the dome and the lower height 2.5 gh/3.5 gh.

22



3363, VII b. §om

©0339@M0 70 ByFms, amddscmn 20 X 20 bymos.
LogaManm gfMogngmeo Mg3mbbEMn30s — addamal d3Mm3mmzos 1/1; a1ddsocnl
bodameng 2 Gaonbo; bodsmemg ad3dsmadmyg 5 Mowonbo; dMm3misos 1/2.5.

BANA, 7th century, Tao

Diameter 70 cubits, dome 20 x 20 cubits.
Probable graphic reconstruction - proportion of the dome 1/1; dome height 2 radii;
height to the dome 5 radii; ratio 1/2.5.
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33R63dNIEN, IXU. gobgomo

1.50 X 35 bycrons, dosgstn bsgo 42 byFme.

2. 54 m3sgn 3Mm3mE3005: GddMnl @obo 35 X 25 bymms; gmddoma 15 X 10 bymons;
donogatn bagol gobo o (3m3meoEsb Bagal 3oMbnbsedwmg 20 X 20 Bymos; and-
domol gobo s 630L 39MbnBNEIL gMddsmanl 3oMbobsdwyg 15 X 15 Bymos.

3. 36Md5bob bodsmemg H=133 = 25 Bymos = 4.5 R; gnddsoal bodsemeng
H=7.839 =15 6ymos = 2.5 R;

VACHNADZIANI, 9th century, Kakheti

1. 50 X 35 cubits, main nave 42 cubits.

2. Here we have a double proportion: body of the church 35 x 25 cubits; dome 15 X 10
cubits; width of the nave and distance from the plinth to the cornice of the nave 20 x 20
cubits; width of the dome and distance from the cornice of the nave to the cornice of the
dome 15 x 15 cubits.

3. Height of the hall H = 13m = 25 cubits = 4.5 gh; height of the dome H=7.8 m =15
cubits = 2.5 g;

24



d3283A9, X L. 3obgon

1. &odc0b Logmdg = 10.4 3=20 ByMms; dows Logsbg — osgmbaemals bogmdg 15
bytms; 330M@0b a39Mmo 7 ByMoms; 33500380l nsgmbaema 10 bymms.

2. H=13 8 = 25 Bymoms; Godenb &obol bogmdg 10.4 3 = 30 330 bycos; H=73 =
20 33069 By, 3Mm3mE300 3/2; amddscnl aofg nsdg@o 5.2 3 = 10 bycos
H=3.53 = 10 333069 ByFoms. 3Om3msos 3/2; bagHom 3Mm3mezos 2/1.

3. R=1.683; @odMal Logsbg 6 R; obolb Lodsememyg 4 R; gyddomols bodoemeng 3 R.
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KVETERA, 10th century, Kakheti

1. Length of the church - 10.4 m = 20 cubits; Internal width-diagonal length 15 cubits;
the side of the square 7 cubits; diagonal of the square 10 cubits.

2. H=13 m =25 cubits; length of the body of the church 10.4 m = 30 short cubits;
H =7 m = 20 short cubits. Ratio 3/2; outer diameter of the dome 5.2 m = 10 cubits.
H = 3.5 m = 10 short cubits. Ratio 3/2; overall ratio 2/1.

3. gh = 1.68 m; width of the church 6 gh; body height 4gh; height of the dome 3 gh.

25



4333A%M, X b. g335bgm0

1. @s335em30L donemnsbo Logmdg 33.8 3 = 65 byFmms; @odMob Logmdg 28.95 3 =
55 bymms; o 335mz0L Lngsbg = 2080 = 40 byGoms; smdmbagmgon s @sbog-
mgon 33meggdol s 3gomgol dmds 1304 3 = 25 bymos; a39Mmomo 33magzg-
dob bygoms dmds 10.52 3 = 20 Bymome.

2. H=31.23 3 = 60 bymons; @odenbs @sbols bndagamg H=15.773 = 30 bymos; addscals
ygmob bodseemg H=73 = 20 93069 Bytoms. g1ddscmnl ygmonl bodsmemg dsboos o
35Mbobooy H=7.93 = 15 bymos Gobabs s amddscnl 3Gmdmeisns 2/1.

3. R=43;.860b Lodsyg 4 R; gnddomols bodseemyg 3 R.

KUMURDO, 10th century, Javakheti

1. Total length of the tracing 33.8 m = 65 cubits; length of the church 28.95 m = 55
cubits; width of the survey = 2080 = 40 cubits; size of the tracing of the eastern and
western arms 1304 m = 25 cubits; net size of the side arms 10.52 m = 20 cubits.

2. H=131.23 m = 60 cubits; height of the church H = 15.77 m = 30 cubits; height of the
drum of the dome H = 7 m = 20 short cubits. Height of the drum of the dome with
base and cornice H = 7.9 m = 15 cubits; the church’s body and the dome ratio 2/1.

3. gh =4 m; body height 4gh; height of the dome 3 gh.

26



N3kaeN, X-XI b. om. byBHmmndmdmgstn 03s6g dmMAsoldy
&odmob bog™dg 100 33067 byme; bLogebg 40 ByFos = 60 330679 ByFcs; sbogergmals
d3magn 20 bymons; ndbbals 3306y @aMGsDYm g3mgbns — bogmdg 20 byFos.
1.H=3383 = 65 bymms; §obalb Lodscemg H =17.53 = 50 3306 Byms;
a13d5m0b bodsmemg H=73 = 20 33067 bytoms. 3Gm3mMzos 5/2.

2. R=3.933; D =15 bymms; §odmab boasby 6 R. &obol Lodscemyg 4 R. gmddsonls
Lodseemg 3 R.H 65bosb bgggfmlb 639Msdwmg 28 3 = 80 330Mg ByMms; §obal
H=17.5 3 = 50 333069 bymms; gddscmob H=10.5 3 = 30 33067 bymms =
20 Bydms mgMmb 33900.

ISHKHANI, 10th - 11th centuries, Tao. Architect - Ivane Morchaisdze

Length of cathedral - 100 short cubits; width 40 cubits = 60 short cubits; the western
arm 20 cubits; Ishkhani small hall type church - length 20 cubits.

1. H=33.8 m = 65 cubits; body height H=17.5 m = 50 short cubits; dome height H =
7 m = 20 short cubits. Ratio 5/2.

2. gh=3.93 m; D = 15 cubits; width of the church 6 gh; body height 4gh; height of the
dome 3 gh. H from the base to the apex of the sphere 28 m = 80 short cubits; body
H = 17.5 m = 50 short cubits; height of the dome H = 10.5 m = 30 short cubits =20
cubits; golden ratio.
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Madn, 963-973 B6., §om. J&o@mGo — afMogmen mad3gemo

1. 80 X 40 Bymos (42 X 219), 3Om3meM 300 2/1; a396momo 33mazgdoo 55 Bymms
(28.8 9);

2. H=36.653 = 70 bymoms; &obab bodseamg badof 3gmoesb H=213 = 40 Bymos =
60 33069 byms; Bdbal bodsmemyg (3mgmmowsb 19.75 3; gddsmals bodscemg H =
7.938 = 15 bymoms; 3Gm3mt(30s 5/2.

3. R=4.78 3 Logoby 6 R; §obol Lodseemg 4 R; ayddomals bodsemeng 3 R.
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OSHKI, 963 - 973 AD, Tao. The donor - Grigol Oshkeli

1. 80 X 40 cubits (42 X 21 m); ratio 2/1; with side arms 55 cubits (28.8 m);

2. H =36.65 m = 70 cubits; height of the body from the foundation H =21 m = 40
cubits = 60 short cubits. Body height from the plinth 19.75 m; height of the dome
H=7.9 m = 15 cubits. Ratio 5/2.

3. gh =4.78 m; width 6 gh; body height 4gh; height of the dome 3 gh.
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333/A38N0, 1003 6. Josabo

1.80 X 40 bymos; (42 X 21 9), 3Mm3m@z0s 2/1; azg@momn 33mazgdnc 60
byoms = 31.5 3; gyddoocnl gomg D =10.47 3 = 20 Bymoes; 3Mm3mezos 3/1;
39138500l dns D =8.73 3 = 25 3306y Byme.

2. H=393 =75 bymos; Gobab bodaeamyg badot 3gmowsb H=263 = 50 6ycos; amd-
dsmnb ggmob Lodsemeg H=8.73 8 = 25 330609 bymomes; 3Gm3mEz0s 3/1; ad-
ds00b ggmobs s 3omogolb H=13 3 3m3mizos 2/1.

3. R=4.36 3 Logosbg gotndgggdoo 10 R; anddsmdzgds bgg@gdob H=4R=17.53 =
50 33069 bytoms; Gobolb bodsmemg 5 R; amddemol bodsmemg 3 R; mgemb 339m0.

\ \\Q-\ e R

10m

BAGRATI, 1003 AD, Kutaisi

1. 80 X 40 cubits; (42 X 21 m), ratio 2/1; with side arms 60 cubits = 31.5 m; outer di-
ameter of the dome D = 10.47 m = 20 cubits; ratio 3/1; Inner diameter of the dome
D= 8.73 m = 25 short cubits.

2. H=39 m =75 cubits; height of the body from the foundation H = 26 m = 50 cubits;
height of the drum of the dome H = 8.73 m = 25 short cubits; ratio 3/1; height of the
drum and the conical roof of the dome H = ; ratio 2/1.

3. gh=4.36 m width with gates 10 gh; height of columns under the dome H=4 gh=17.5
m = 50 short cubits. Height of the body 5 gh; height of the dome 3 gh; golden ratio.

29



1.80 X 50 by (42X263); mdemb 33g00.

922333420, XI L. 35b500.

2649

50 bymms anddsmal ygmob Lodsmemg H=133 = 25 Bymms; 3Gm3mezns 2/1.

4R =18 3; @sbols

4R=184.

523 = 100 bymos; ©obal Lndswemyg H

3. R =4.528; Logsby wssben. 6R; 38dscmgagds Lag@gdob H

2. bodseyg Lado 3gmowsb H

Lodamyg asbm. 5 R; gddsmals bodseeg H
1. 80 X 50 cubits (42 X 26 m); golden ratio.

ALAVERDI, 11th century, Kakheti

=26 m=50

52 m = 100 cubits; height of the body H

2. Height from the foundation H

b

25 cubits; ratio 2/1;
4.52 m; width approx. 6 gh; Height of columns under the dome H

cubits; height of the drum of the dome H= 13 m

3. gh

4gh=18

4, gh =18 m.

m; body height approx. 5 gh; dome height H

30



L328NBLM32E2N, 1010 — 1029. 33bgans

1.100 X 50 byco (52 X 26 3); mgemb 3ggon.

2. bodseeg LadaM ggmowsb H=152 3 = 100 bymos; @obal bodsmemg H=263 =
50 bytons; gmddsmal ygmob bodsmmg H=133 = 25 Bymos; 3Gm3mtzns 2/1.

3. R =4.52 3;Logsbg @osbe. 6 R; anddomggzgds bgg®gdob H =4 R =18 3; §sbabs
Lodomey @asbemmgdom 5 R; gnddomol Lodsemmyg 18 3 = 4 R.

SVETITSKHOVELLI, 1010 - 1029 AD, Mtskheta

1. 100 X 50 cubits (52 X 26 m); golden ratio.

2. Height from the foundation H = 52 m = 100 cubits; body height H =26 m = 50 cu-
bits; height of the drum of the dome H = 13 m = 25 cubits; ratio 2/1;

3. gh=4.52 m; width approx. 6gh; height of columns under the dome H=4 gh =18 m;
height of the body approx. 5 gh; dome height 18 m =4 gh.
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LI3MI3AM, XI L. Isbgms
1. 50 Bymos X 50 33069 byGos (26 X 17.5 9).
2. bodseemg badofMggmnsb H=231.53 = 60 bymos; §obolb bodswemg H=15.73 =

30 Bymos; a93ds00b ygemol bodseemg H=18.73 3 = 25 33067 bytoms; gmnddsmals
aomg D=10.53 = 20 by®oo.
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SAMTAVRO, 11th century, Mtskheta

1. 50 cubits x 50 short cubits (26 X 17.5 m)

2. Height from the foundation H =3 1.5 m = 60 cubits; body height H=15.7 m = 30
cubits; height of the drum of the dome H = 8.73 m = 25 short cubits; dome”’s outer
D =10.5 m = 20 cubits.
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LI30133NLN, 1030 6. os Jornemn

1.70 33069 Bytos X 50 33069 Byoms (24.5 X 17.59).

2. bodseg LadoMggmowsb H =38.253 = 110 3306y byGoms; Gobal Lodscemg
H=20.8 3= 6033069 6ymoms = 40 bymms; gddomal ggemalb Lodswemg H =
8.73 3 = 25 93067 Bymms; amddocnl jotsgn H=8.733 = 25 3306 Bytons;
a3dsmob gomg D =793 = 15 bymome.
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SAMTAVISI, 1030 AD, Shida Kartli

1. 70 short cubits X 50 short cubits (24.5 X 17.5 m)

2. Height from the foundation H =38.25 m = 110 short cubits; body height H=20.8 m =
60 short cubits = 40 cubits; The height of the drum of the dome H = 8.73 m = 25 short
cubits; conical roof of the dome H = 8.73 m = 25 short cubits; dome’s outer D=79m =
15 cubits.
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333301NL LALY X =V, VII-I X, X II Lb. d‘amanbn
75 X 70 Byros; 05Mdabob Log@dg 45 bytos.
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GEGUTI PALACE, 7th-9th, 12th centuries, Kutaisi
75 X 70 cubits; length of the hall 45 cubits.
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3022010, 11061126 66. n3gcgmn

03000L33Mdemab dndnbgdanb Gsdsta

1.70 X 65 B6ymms; @odtol as60 40 Bytos; htmammgmols dnbsdgbn 50 bymons.

2. bodseemyg badoMgzmoesb H = 36 3; @obab Lodscemg H =158 3 = 30 bymos;
3183500 ggeab bodscemg H=7.8 3 = 15 Bymms; a¢d3dscnl 3otsgo H=7.8 3
= 15 by®oe.

3. R=4.783; cmgtdamon bogsbg 4 R; 3mbgol dotho H=40 33069 byms = 14 3; §0bals
bodoeeg H=19.25 38 = 55 33067 byms = 4 R; a93dscnl bodseoemg 13 3 = 25
bycos = 3 R.
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GELATI, 1106 - 1126 AD, Imereti
THE CHURCH OF THE NATIVITY OF THE HOLY VIRGIN

1. 70 X 65 cubits; width of the church - 40 cubits; the northern building - 50 cubits.

2. Height from the foundation H = 36m; body height H = 15.8 m = 30 cubits; height of
the drum of the dome H = 7.8 m = 15 cubits; conical roof of the dome H=7.8 m =
15 cubits.

3. gh=4.78 m. a X ial width 4gh; base of the conch H = 40 short cubits = 14 m; body
height H=19.25 m = 55 short cubits = 4 gh; height of the dome 13 m =25 cub =3 gh.
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3220010, 63nbs gomManb g3emgbos

1.30 X 20 bytos; dos bogidg 25 bymos.

2. bodsyg LadoMzgmoesb H =20.8 3 = 40 bymos; §obol Lodscemg H = 10.5
3 = 20 Bymms; gddocnl ygmob Lodsmemg H=15.2 3 = 10 6ytos; a3dsmol
3oMs30 H=3.5 3 = 10 33069 Byoms.

3. R =1.853; bogoby 3R =11.13 3; 3mbgol doto H =15 bymos = 7.88 3; §sbols
Lodseeng 6R =10.5 =20 ByMoms; g913dsmal bodsweg H=4R =7.88 =15 bymms.

GELAT]I, Saint George’s Church

1. 30 X 20 cubits; internal length 25 cubits.

2. Height from the foundation H = 20.8 m = 40 cubits; body height H = 10.5 m = 20
cubits; height of the drum of the dome H = 5.2 m = 10 cubits; tent of the dome H =
3.5 m = 10 short cubits.

3. gh = 1.85 m; Width 3gh = 11.13 m; base of the conch = 15 cubits = 7.88 m; body
height 6 gh = 10.5 = 20 cubits; height of the dome H = 4gh = 7.88 = 15 cubits.
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TBILISI SIONI CATHEDRAL, 12th century, Tbilisi

1. 50 X 40 cubits =26 X 21 m.
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;ane2nLNL 33d3dkN, Xill - XIV LL.

1. 40 X 30 bymos; dos bogidg 18.17 = 35 bymms; dows Logsbg 13 8 = 25 Bymms.

2. bymo Lodseeg H=28.8 3 = 55 bymos; Lodsemyg 3oMbnbsdeg H=23.4 3 =
45 bycos; ©obol bodseemg H=15.6 3 = 30 bymos; a¢3dscnlb ygmals bodseaemg
H=7.8 3 =15 Bymomo.

3. R =2.76 8; Logobg 3R; 3mbjob domn H =20 Bymms =10.4 3; &obab Lodseeyg
5.5R =15.56; g1ddsonl bodseemg H=3.5R =9.53.

METEKHI, 13th-14th centuries, Tbilisi

1. 40 X 30 cubits; internal length 18.17 = 35 cubits; internal width 13 m = 25 cubits.

2. Full height H=28.8 m = 55 cubits; height to cornice H =23.4 m = 45 cubits; body
height H = 15.6 m = 30 cubits; height of the drum of the dome H = 7.8 m = 15
cubits.

3. gh=2.76 m; width 3 gh; base of the conch h = 20 cubits = 10.4 m; body height 5.5
gh = 15.56; height of the dome H=3.5 gh=9.5m.
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LIBIAY, XIV L. Lad(3bg

1. 35 X 30 Bymos; dns Logedg 17.5 3 = 50 33069 byGoes; dos bogsby 13 3 =
25 bymoe.

2. beggeo bodseeg H=26 3 = 50 Bymms; bodocmmyg 396Mbobsedg H=20.97 3 =
40 Bymoms; Bobab Lodsmmg H=14 3 = 20 5630b0; 31ddsmal ygmob bodsemeng
H=7 38 = 10 s®dnbo; anddsmal 3mbabo 5.2 3 = 10 byGoms.

3. R=2.97 3; &obals bLodowemg 4R =11.88 3; anddocmol bodseemg H=3R =8.914.

SAPARA, 14th century, Samtskhe
1. 35 X 30 cubits; internal length 17.5 m = 50 short cubits; Internal width 13 m = 25

cubits.

2. Full height H = 26 m = 50 cubits; height to cornice H = 20.97 m = 40 cubits; body
height H = 14 m = 20 arshins; height of the drum of the dome H = 7 m = 10 arshins;
the cone of the dome 5.2 m = 10 cubits.

3. gh =2.97 m; body height 4 gh = 11.88 m; height of the dome H =3 gh =8.91 m.
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BIAB3), XIV L. badsby

1.30 X 20 s6dnbo = 21 X 14

2. byemo Lodseg H=26 3 = 50 6yMms; bodsmmyg 3oMbobsdg H=21 3 = 40
byt = 30 563dnbo; Bobal Lodsceg H=14 3 = 20 sdnbo; 3nddsmal ygemals
bodseemg H=7 3 = 10 5630bo; gddscnl 3mbybo 5.2 3 = 10 bymme.

3. R=2.7 8; 3mbgob dotrn h =26 3506 byFros =9.18; Bobol Lodsweng SR =13.53;
399365mab bodsmmg H=3.3 R=9 3.

ZARZMA, 14th century, Samtskhe

1. 30 X 20 arshins =21 X 14

2. Full height H = 26 m = 50 cubits; height to cornice H =21 m = 40 cub = 30 arshins;
body height H = 14 m = 20 arshins; height of the drum of the dome H =7 m = 10
arshins. The cone of the dome 5.2 m = 10 cubits.

3. gh =2.7 m; base of the conch H = 26 short cubits = 9.1 m; body height 5 gh = 13.5 m;
height of the dome H=3.3 gh=9 m.
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anLI=N, XIV L. bad3bg

1. 20 563060 X 25 Bymoms = 14 X 133.

2. brgemo bodsemg H =26 3 = 50 bymms; Lodsmemyg 300Mbnbsdg H=21 3 =
40 6y = 30 56d0bo; Bobal Lodseemg H=14 3 = 20 s6d0bo; anddsmal ygmob
Lodsememg H=7 3 = 10 5630b0; g3dsmal 3mbgbo 5.2 3 = 10 Bymme.

3.R=2.7 3; 3mbgol dotn h =26 3306 byGms =9.1 3; Gobal Lodswemg SR =13.5
m; a9ddsmnl bodsemg H=3.3R=94.
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TISELL, 14th century, Samtskhe

1. 20 arshins X 25 cubits = 14 X 13 m.

2. Full height H =26 m = 50 cubits; height to cornice H =21 m = 40 cub = 30 arshins;
body height H = 14 m = 20 arshins; height of the drum of the dome H=7 m = 10
arshins; The cone of the dome 5.2 m = 10 cubits.

3. gh =2.7 m; base of the conch H = 26 short cubits = 9.1 m; body height 5 gh =13.5
m; height of the dome H=3.3 gh=9 m.
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It can be seen from the analysis that the planning and spatial composition the
most important monuments of the Georgian architecture, is made according to
ancient measurements.

The lower body of the temples and the neck of the dome are mutually proportional.

The internal height of the temple is more often a multiple of the radius of the dome.
Over the time, with the increase in the size of the churches, the ratio of the radius
of the lower body and the dome changes. For example, in the churches of Jvari type
(6th-7th centuries) this ratio is equal to 2/2.2, in Tsromi (7th century) 2.2/4, the archi-
tects of the 10th century strictly adhere to the ratio of 3/4 (Kvetera, Atzuri, Kumurdo,
Oshki, Ishkhani). Architect of Bagrati temple repeats the dimensions of Oshki” floor
plan of 80 x40 cubits. He increases the side arms by 5 cubits - 60 cubits instead of 55
cubits in Oshki. The master's task is to create an exceptionally impressive and large-
scale creation, a symbol of united Georgia. For this purpose, he raises the lower body
by one radius to the proportion of the golden ratio of 3/5 gh. Alaverdi master competes
with Bagrati. He defines the plan of the golden ratio to 80 x 50 cubits; also the body
height of the building is 50 cubits; The drum of the dome and the cone of the roof are
25-25 cubits; the body height in the interior is 5 gh, like in Bagrati, however the dome
had been increased by 1 gh, 4/5. The volume of the radius-module of the dome drum
and body in Samtavisi is further increased to 5/6. Georgian architecture of the next
century repeats the existing modular ratio between Alaverdi and Samtavisi: Betania,
Kvatakhevi, Ikorta, Hujabi. Proportionality of the dome drum and body is no longer
obligatory. The main artistic task is abundant carving and wall painting. Despite this
trend, the architecture of 13th-14th centuries” Samtskhe returns to the old, 10th cen-
tury rule of proportionality under the influence of Atskuri.

» Professor Ruda Mepisashvili dedicated a significant amount of work to the propor-
tional research of the Domed Church, using the example of the Gelati ensemble.

* Proportional and constructive report of Ikorta church was prepared by N. lashvili.

* Architect Misha Chkhikvadze had an interesting observation about the use of the
“Bolnuri” cross and rosette (a way of dividing the circle into 12 and 6 parts) in trac-
ing the monuments of the early centuries.

» The proportions of the golden ratio of Jvari Monastery in Mtskheta were studied by
the famous painter Sergo Kobuladze.

* Professor Nodar Janberidze drew attention to the proportionality of the dome's drum
and lower body using the example of Oshki.

* Hamlet Mosulishvili dedicated significant work to the structure of the Georgian Ca-
thedral, who determined an individual module for each monument by analyzing the
square under the dome and the overall dimensions. In the book published by him,
“The structure of the Georgian monument”, an important part is dedicated to the
proportionality of the dome and the lower body.

* Ivane Gremelashvili, the author of the reconstruction project of the Bagrati Cathe-
dral, studied the module close to the Roman foot (29.6 cm) in relation to the churches
of Oshki, Ishkhani and Bagrati. Unfortunately, the work was not completed.

Ioseb Bandzeladze, Architect - Restorer
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aBbLA0INL RIdAN JVARI MONASTERY IN MTSKHETA
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The book includes a noteworthy study of the measurement system used in Georgian architecture.

As the author, Ioseb Bandzeladze writes, as a result of the analysis of proportions, he "by chance
discovered” the size of the module used in the construction of the Georgian churches and restored the
measuring rod - ‘leltsami’, which is based on the principle of multiples of 7. Not only 7, 8.75 and 13
cm divisions are marked on the edges of the ‘leltsami’, but also letters.

This instrument is named in the sources, but its standard measures were unknown. Through a
long-term metrological analysis of Georgian architectural monuments, the practicing researcher es-
tablished a system of measurements that is specifically Georgian and through which all known mon-
uments from ancient times to the late Middle Ages were built.

In the process of researching old measuring units, his interesting observation is the combined use
of the Egyptian royal cubit and the Asia Minor foot based on the principles of the golden ratio of
Georgian temples.

The book includes Georgian architectural monuments, where the proportional ratio of anthropo-
metric and metric dimensions is written on graphic measurements. It is worth noting that some of the
dimensions of the architectural monuments used in the book have been meticulously measured with
modern technology (3D scanner), and a number of monuments (mainly those of Tao-Klarjeti) have
been measured schematically. Accordingly, some measurements may contain errors that do not cause
significant changes.
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