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Abstract

Vaulted structure has been in use for nearly 408&ry and believed to have been studied by sciergtied builders for
nearly 2000 years. There are few publications abtbet geometry and constructional aspects of ardresd vaults before
Renaissance age. One of the most interesting workhis subject belongs to Jamshid Kashani knowa asathematician.
Ghiayth Al-Din Kashani, has made some valuable rifmution in the field of building construction inegeral and vaulted
structures in particular. This paper aims to inttagk and analyze a part of his work on building ¢artion, that is on
pointed arches. In this paper first we provide arsthistory of pointed arch. Then we will see a hemof works from Roman
period to Kashani age which had some contributithowt arches. The third part of the paper deals viKdshani's book
Meftah Al-Hesab or the key of mathematics. Thd fieation of the paper has devoted to Kasahni'dritmrtion to pointed
arches. And finally showing one of the calculatabrarts which could be used to find different paftshe arches can be the
best case in the point.

Keywords: Arch, Vault, Kashani, History of architectural consction.

1. Introduction achievement in the way they did before.
Similar fate occurred to scholars of all the otheuntries

The major part of the 13th century Persia, which  which suffered from the Mongol invasion. In spitetiat,

included the modern state of Iran and its surrcupdireas work continued albeit at a much smaller scale anthe
in Iraq, Central Asia and Afghanistan, was congderg next couple of centuries, works of some of the iaman
the Mongols, whose attack began in 1218 AD and simo  scientists reached very high standards with siggmifi
everything was destroyed in the lands they occupked contributions in their respective fields. Amongrthevere
country with long heritage of civilisation whereagmples Tusi, Helli and Kashani.
of earliest known architecture dates back to c.06BC, As mentioned above, the fields in which scholarly
was almost in ruins and the great cities like Séarad, activities were pursued in Iran were religion, pkdphy,
Bukhara, Tus, Neishboor and Ray were razed to the mathematics, astronomy and geometry. Like the pre-
ground (Memarian, 1987). Mongol period, applied science was the most faveuri
Towns and cities which were once the centres of field. However, a new branch of the applied sciecame
excellence in science, literature, philosophy,gieh, etc, into prominence - the science of building constarct-
were suddenly non-existent. All the establishments Which is not known to have been given as much
relevant to the pursuit of knowledge, e.g., libeari importance in the pre-Mongol period. This was du¢he
laboratories, etc., disappeared overnight and as a enormous damage to the built environment of thentrtgu
consequence, the scholars in the various fields, were caused by the Mongol invasion and the need fospeedy
the pioneers in the Islamic world, had to discairtheir reconstruction. Ghiayth Al-Din Kashani, apart from
work and were no longer capable of raising the &g number of other fields that he was interested &s made

some valuable contribution in the field of building
construction in general and vaulted structuresairtiqular
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llamids in the south-west of Iran in the 14th centBC.
Existence of arches in the Egyptian tombs in Sakad
Thebes, the latter claimed to be of 1500 BC, aseutised
by Gwilt in his The Encyclopaedia of Architectufest
published in 1842 (Gwilt, 1982). He also stated tha
trace of the arch has been found in the ruins’ of
Babylonian architecture. In Persia, where some haf t
buildings before the Achaemenid rulers (560-330 B
believed to have had arched entrances and opertimgs,
use of arches and vaults continued in differentopler of
its history. During its rule by the Selucids, Paitis and
Sasanids (312 BC - 642 AD) there were extensiveofise
arches and vaults in buildings and other civil argring
structures for water supply, sewage disposal aathage
systems, etc. The earliest example of a fire temible
typical form of which is a dome resting on four las,
dates from the Parthian period (174 BC - 224 AD).

In the west, it is generally agreed that the Gredills
not use arch and their columnar style of architegtu
derived from the post and lintel system, did nadt &
elements like arch or dome for the transfer of ltmdhe
vertical members of the structures (Buti, 1980, &op
1967). Afterwards, the Romans have used arch and
exploited it on a grand scale both as structurainbers
and as a symbolic form, as seen in their prestigiou
buildings like theatres, amphitheatres, aqueduats a
bridges. The practice using arches, vaults and dome
continued in the subsequent periods of Early darisind
Byzantine architecture (Godard, 1988, Pope, 198@art
from the elliptical shapes of Persia, the arched trave
been used during these periods are essentially of
semicircular type deriving directly from the georyedf a
circle and providing a simple shape for constructibhe
pointed arch made up of the arcs of at least tndes, as
opposed to the semicircular arch, were not commoséd
in the western architecture before the 11/12th &, A
whereas later on it became one of the essentialesieof
Gothic architecture (12/13th c. AD). It is acceplgdsome
architectural historians that the pointed arch haeen
used in Europe only after the first crusade witke th
implication that the idea was imported from thet egsere
it was already in use. According to Creswell (Crelsw
1958). The renowned authority on the history o&nsk
architecture, ‘this feature is of Syrian origiréither in the
pre-Islamic building at Qasr ibn Wardan built betwe61
and 564 AD or in the Islamic buildings of the 8#éntury
AD some of which are mentioned below. He defines
pointed arch as one whose ‘two halves are strumk fa
different centre’ and ‘the less the separationhefse two
centres, the less the acuteness of the arch’. Ités si
example of this type of arches in the buildings tioé
Umayyad Period of Islamic architecture (661-750 AD)
such as the Great Mosque of Damascus in Syria ATD9
where the separation of centres is about one-tentme-
eleventh of the span, Qusayr 'Amra in Jordan (713),A
Hammam As-Sarakh (725-30 AD) and Mshatta (744 AD)
also in Jordan. In the last example, separatiornthef
centres is one-fifth of the span.

A new type of pointed arch has been (750-1258 AD),
the four-centred arch, which is usually struck frawo

pairs of centres located symmetrical to the vertads
and produces a shallower profile than a two-centieth.
According to Creswell, the earliest example of thpe
was in the Baghdad Gate of the walled city of Ragmga
Syria built by Caliph Al-Mansur in 772 AD. “The sidid
arch is built of two rings of square bricks, eading two
bricks thick, so that the total depth is about atreie
(Creswell, 1958).

While there seems to be a general acceptance of the
fact that the pointed arch is not of European arigfere
are some who believe that, like the semicirculacthes,
pointed arch was also used first in Persia. ProfeBgnia,

a renowned lIranian architectural researcher, clahithat
the use of semi-elliptical and pointed arches anlgoes
back to 3400 years - “semi-elliptical of differddhds and
pointed archeqshakh bozi)have been adopted in the
basement and underground spacesCbibgha-Zanbil
(Pirnia, 1992, Pirnia, 1991). He provides threeet/mf
semi-elliptical shapes-i) biz-i kond, ii) biz-i tdnand iii)
bastoo -that were mainly used in domes and ar¢hdbe
first type the span is twice the vertical diametérthe
ellipse and the arch has a low rise. In the sedgpée the
span is equal to the vertical diameter of the gdlipnd this
type could be used for large arches. In the thipet one-
sixth of the span is equal to one-eighth of veltica
diameter, i.e., the span is 3/4th of the vertidgahwbter of
the ellipse and the type is used for high domesialhgin
the construction of underground cisterns. He also
suggested that ellipses were used to create othes tof
arch profiles. For example, a type of arch cakedbooii
used in the construction of Uljeitu dome is obtditg the
intersection of two arches (Pirnia, 1994, Pirni2032).

Among the existing buildings of Iran the earliest
known examples of pointed arch are in the Jamidjand
the Tari-Khana Mosque in Damghan (c. 760 AD) whigh
considered to be the oldest existing example afngt
architecture in Iran. The earlier arches, espsctal non-
semicircular ones of the Sasanid period (224-642, /&le
of elliptical form rather than pointed. All type$ arches
became common features of Seljuk architecture (1000
1157 AD) (Pirnia, 2003, Godard, 1988, Godard, 1990)

3. A Short View on Study of Vaulted Structure
Before 15th Century

Although vaulted structure has been in use for Ipear
4000 years and believed to have been studied bytssts
and builders for nearly 2000 years, no publicatdmout
the geometry and constructional aspects of arcmes a
vaults is available other than those from very nétines.
Vitruvius, the Roman architect/engineer, who serteel
Emperor Augustus in the first century BC, wrote in
Chapter VIII of Book VI of his ‘The Ten Books on
Architecture (Vitruvius, 1971). About ‘archings cposed
of voussoirs with joints radiating to the centres a
method of discharging the load of the walls. Then h
discussed about the horizontal thrust caused antiepier
supporting the arches and suggested that ‘if thesgit the
ends are of large dimension, they will hold the ssmirs
together, and make such work durable’. He did netuss
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in any more detail about the geometry of arches thed
above description implies that the type of archdbénes

is a semicircular one. In different sections of hisok
Vitruvius discusses about architecture, the various
elements of buildings as well as the materials and
construction. There is no section on geometry or
construction of arches, domes or vaulted structures

In the middle ages, the Early Christian, the Byt
and the Romanesque styles of architecture usedesrch
usually of the round type (Buti, 1980, Godard, 19960
the second half of the 12th century architectur&umope
used both round and pointed arches and, as medtione
earlier, during the following period of Gothic Syl
pointed arches became a distinctive feature of its
buildings. The work of Vitruvius, as mentioned abavas
rediscovered in the early 15th century during the
Renaissance Period (15/16th c. AD) and some written
contribution about these types of structures awlave
from this period. The versatile Italian Leonardo \daci
(1429-1519 AD) gave a short account of arches astong
his original contribution on many other aspectsaénce.

As described by an Italian author he defined argH'aa
strong united elements which consisted of two other
words, a completed arch consists of two symmetaces
which cannot stand up and remain in vertical positbn
their own and only when they are attached togethat
they make a strong structural element’ (Golombelg8l
Besenval, 1984). He did not provide any other im@tion
regarding the geometry and construction of archeheair
types.

In the mid-16th century Palladio made some
contribution on vaulted structure which deals muiith
their geometry rather than their constructionaleasn In
his ‘“Tre Libri dell Architettura’ (1554-56 and 15@5) he
discusses about the height of vaults and descdifiesent
types of vaults (Tabatabaii, 1960). The first pafthis
work is on finding the height of arches and vaulith
different profiles including the semicircular onieg both
the geometrical and the numerical methods. In duersd
part he discusses six types of vaults-crossed ,vhaitel
vaults (two types), rotunda, lunette and conca di@sl
1972). He suggests that the first four types weseduin
ancient buildings while other two were used in nrade
buildings. Unlike Kashani’'s work, Palladio does mite
any definition for arches and domes nor does hikweal
with their measurements and structural application
(Palladio, 1988).

4. Meftah Al-Hesab

Ghiyath al-Din Kashani studied the geometry of
pointed arches in the 15th century Iran and prodiuce
methods of constructing five types of pointed aschng
with simple methods of calculating their dimensiona
properties and application criteria. His book dsmdit
Meftah al Hesalor ‘The Key to Arithmetic’ published in
the first half of the 15th century remains to be tnly
publication which deals substantially on the geawet
measurement and calculation of arched and vaulted
structure until the 17th century. Apart from refere to

some of these works as part of the Timurid archirec
(Golombek, 1988) and Necipoglu (Gulru, 1995), the
authors have not found English version of Meftah-al
Hesab or any publication in English dealing in detdth

its section on arches, vaults and domes. Thera &rticle

in Russian dealing with the discussion and analykihis
section published in a journal of Azerbaijan (Bmitky,
1956) which has been translated into Italian.

Some information about the life of Ghiyath al-Din
Kashani is available from different sources. In yith
Kashani became interested in mathematics and astron
and was educated in these fields by one of theestadf
the great Islamic scientist Sheikh Tusi. At the éim
Samarkand was the centre of Islamic science, espeini
mathematics and astrology, and soon he became well
known as a scientist in that city. ‘He always shdvadeie
respect to the fellow scientists and strongly velitin the
help and blessing of God in the level of undersitagadnd
achievement that he has attained. He was one of the
scientists involved with the construction of Sanaaudk
Astrology Site and published eight books in Arahitd
Persian, mostly on astrology, arithmetic and geomet
(Tabatabaii, 1960).

Meftah al Hesabstarts with an introduction on
arithmetic (hesab) followed by five articles/chapters
(maghaleh)on i) integral number, ii) fractional system, iii)
arithmetic of astrology, iv) measurement and vyaotton
of algebraic problem. The fourth article, i.e., thee on
measurement, is divided into different sectionswbich
the ninth section is about the measurements rglatn
arch, vault, dome andhugarnas(Kashani, 1967). This
section contains definitions of relevant architegtterms,
charts, drawings, methods of measurements as gell a
comments, discussions and his personal views on the
subject.

This paper is based on the study of the contehts o
Meftah al Hesalreceived from several authentic sources.
The first of these is copies of the original mamipgcof
Kashani received by courtesy of Habib Mahbbob, an
Iranian researcher on the history of architectural
technology and Persian architectural terminologhe T
second source was the revised edition of the bwok i
Arabic by two scholars at the University of Cairo
(Kashani, 1967)The third source was the book in Persian
as revised and translated by the Iranian scholabiJa
(Kashani, 1987) and finally the article in Russian
published in Art of Azerbaijan journal (Britanisk¥956) .

As mentioned earlier, in the 9th section of the 4th
article/chapter of his bookleftah al HesalKashani deals
with the geometry and measurement of arches, vaults
domes and mugarnas and provides other informabonta
these structural elements based on previous studies
available at the time as well as his own work. His
discussions about the various aspects of theseeaterare
more thorough than was done before and was impgortan
information for the reconstruction of post-MongarBia.
Introduction to this section includes two main p@sin
Firstly, that he was aware of the previous studies
experiences although he does not quote the souktése
beginning of the section Kashani states that 15@libgs
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were measured by others which included only ar
(tagh) and vaults(azaj). Secondly,his emphasis on tt
importance of further knowledge in this field exgsed a:
‘need for more measurement of buildings’. In

discussions he reminds the readers that thesetaspere
not dealt with adequately in the past and the Mu
scientists of his period worked hard in the fields
applied science which were essential in the aftdrnod
destruction and devastation caused by the Mongddis.
reconstruction and development that followed ne¢
whole hearted and aordinated efforts from both t
ordinary people and the scientists of all the Mu:
countries which were affected by the Mongol inva:s

The 9th section of the bodWeftah al Hesa is divided
into three sulsections. The first is on the measuren
(masahat)of arch(tagh) and vault(azaj),the second is o
dome(qobbe)and the third is omugarna. The scope of
this paper is confined to the work on arches in firet
subsection (Kashani, 1996, Sharbaf, 2006). The se
begins with a reference to the available knowledd:
arches ad vaults based on previous works. Then
discusses about the proper definition of an arah state:
that in the past an arch was known to be an emp
hollow semicircular elemeni{mojavaf) and not many
examples complying with this definition are sein the
ancient and new buildings. While he mentions alzofegw
buildings with ‘hollow semkgircular vaults’, he also nott
that ‘many of the arches are raised and poi(muhadab)
in the middle.” He then puts forward the standard
description of an &h which is possibly more appropria
in the context of contemporary Iranian architectuban
the previously mentioned definition of a pointedtaby
da Vinci given a few years later. "Fig 1", which &
representation of the original drawing as draby
Kashani, is based on this description which isolews:

“a true arch(tagh)is a ceiling(musaqal which stands
on two bases which are on the same horizontal pléi
consists of five pieces/elemen(geta) of which the twc
lower pieces (parts A)resting on the bases one on the
and the other on the right of the vertical ¢ are parts of
the perimeter of the same circlgate falaki or ring
(halghe)whose diameter is not smaller than the span a
arch. The two upper pieces (parts B)tirgs on the lowe
pieces, symmetrical to the vertical axis, are afcs circle
whose interior diameter is bigger than that of fiet
circle (parts A). Thickness of these two pieceshefarch
however, are the same as that of the two lowerepi¢o
which they are joined together along the lines HE&N
GECL as seen in Fig 2. These four pieces form tha
body of the arch joined at the top by a fifth piépart 3),
which is like an almond shaped lozenge made ofe
(not curved) surfaces, to cotee the structural un
(Kashani, 1967).

From the above description it is apparent that s
defining a pointed arch struck from three centring
lower parts being the arcs of the same circle Aaduppe!
curved pieces are the arcs of two other es of same
diameter. We shall find later on that two of theefitypes
of arches analysed by him do not satisfy this deson.

A

Fig. 1. The Arch, (Kashani, 198
5. Types of Arches

After giving the definition Kashani explains t
difference betweerarch (tagh) and the vault (azaj)
modern Persian, tagh means vault and arch denate
dour or quos). He states, ‘the depth (arth) of il anay
not be more than its span, whereas that of a vaait be
equal to or more than its span and is calledth (tul) of
the vault’. Or, in other words, he is setting pagsans tc
distinguish between an arch and a vault, i.e., wte
length is less than the span it is an arch, otlsenitiis
vault. By the word azaj he probably meant barrallte:
only. In his description of an arch, as will be seen latel
also uses different terminology for different padf its
surface (Kashani, 1967, Kashani, 1987, Pirnia, 1
Wilber, 1967).

This section of Meftah al Hesab then continues
Kashani’'s description othe five types of arches. t
begins by stating ‘as we have seen there are fishads
for drawing arches’, suggesting that he had his swney
carried out in this particular field in addition tthe
information available to him as result of contenzy
research on traditional and modern buildings. Heo
compares these five types of arches with thosehé&
existing buildings After describing the geometrythése
five types of arches Kashani presents a chart
coefficients for simplified calculeon of geometrical
properties, e.g., lengths, areas, etc., of thessheal
Although no formula or method of calculation ofustiural
properties of these arches are given, he mentioostahe
suitable span length of some of the types. His rifesm
of the arches are as follows:

Type 1 “Fig. 2"

Draw a circle (daira) ABCD with its diameter eqta
the span of the arch. The point (nughta) E is #mre of
the circle. Divide the circumference of the cirahéo six
equal parts with each arc AD, DC, CBH, HG and GA
subtending a 60 degrees angle. Draw the diagonBls
CG and DH and extend them to |, K, L and M so that
DK = CL = BM = the desired thickness of the arcia®
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arcs IK and LM with centre at E and radius El (=EI8p
they will be paralleto AD and CB. Then with H as tt
centre and HD as radius draw the arc DF and G &
centre and GC as radius draw the arc CF, F bemgdint
in the vertical axis where these two arcs intershiciw
draw the lines HF and GF and extend them up toctT,
FS and FT being equal to the thickness of the dbcaw
the arch KS with H is the centre and LT with G ke
centre. Draw straight line SN and NT as perpendictd
SF and TF respectively. Thus the five pieces Al
DKSF, FSNT, FTLC and CLMB joinedgether forms th
facade of the arch (Kashani, 1967, Bozorgmehrig2.

M

Fig. 2. The Arch Type 1(Kashani, 19¢

Kashani then provides his terminology for varis
parts of the arch. He calls the intrados of thén &XDFCB
as the ‘interior surface’ of éharch, known to the Persi
masons (banna) as esbareh. He uses another tetfn
which may be translated as the arm or shouldeneftct
and is the area of part of the facade found by ithgathe
line QNR parallel to AB and the lines AQ and BR3ilel
to the vertical axis EN. The surfaces OQN and PR&
termed as ketf. He considers the areas AIO and BiMie
parts of the wall rather than those of the arcte Tite EF
represents the height of the intrados (or risehef drch;
and the line EN thadf the extrados (mohadab). Kash
then comments that ‘in some buildings it is seeat the
lines DF, FC, KS and TL are drawn as straight |
instead of arcs of circles.

He makes the following recommendation regarding
structural suitability of thigype of arches: ‘this method
drawing is good when the span of the arch is alfivat
zar', each zar being about 104 centimetres

Type 2 “Fig. 3"

Draw the semtircle ADCB with diameter AB equal 1
the span of the arch and the centre at E. Extee line
AB on both sides up to | and M, Al and BM represen
the thickness of the arch. The saintle is then divide«
into four equal parts AD, DJ, JC and CB. Draw thdiir
ED and EC and draw a line joining the points B an

Extend the lines DE andECtowards the bottom up to t
points G and H, EH and EG being equal to the lemd
BJ. G and H are also the points where verticals|
through A and B intersect with the extensions of &l
DE. On the upper side extend ED and EC up to thetg
K andL so that DK = CL = the thickness of the arch. W
centre at E and radius EI (=EM) draw the arcs IK BNI.
Then with centres at G and H and radius HD (=G@
arcs DF and CF, F being the point on the verticas
where they intersect. Join GF and land extend up to S
and T with FS = FT = the thickness of the arch.t
radius El (=EM) and E as centre draw arcs IK and anid
with radius KH (=GL) and centres at G and H draas
KS and TL. Draw straight lines SN and TN perpenidic
to FS and FT, N bag their point of intersection which
on the vertical axis of the arch. Like the firspéythe five
parts of the facade of the arch are AIKD, DKSF, FS
FTCL and CLMB. Again, by drawing the rectangle AQ
the areas KQN and LRN or the ketf (shouldei the arch
are identified. Arches of this type are more acthten
those of the first type with a greater rise in pndipn to
the span(Kashani, 1967, Pirnia, 1994, Pirnia, 1<

Fig. 3. The Arch Type 2 (Kashani, 19¢

According to Kashani ‘thimethod of drawing an arch
is suitable for spans of 5, 10 and 15 zera. A i®réhe
distance between the tip of the middle finger ahd
elbow*®2%(or a cubit) and is a length of about 50 cm

Type 3 “Fig. 4”

Draw the circle with AB, the span ofe arch, as
diameter and E as the centre. Its circumferencersat!
the vertical axis of the arch at J. Draw the stralge BJ.
On the line AB locate points; & P, on either side of E
with EP, = ER, = 1/8th of AE. Through ; draw a line
parallel to BJ and cut off;A equal to BJ. Draw AD, the
arc of a circle with Pas centre and;A as radius. This arc
intersects extension of the line ; at D. Draw Al equal to
the thickness of the arch and witil as radius draw the
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arc IK of the outer circle, DK being equal to the thicks
of the arch. Now, with H as the centre and HD abus
draw the arc DF, F being the point where this atersec
the vertical axis. Join HF and extend upwards. Agaith
H as centre and radius Hidraw the arc KS, S being i
point of intersection with the extension of HF. @r¢éhe
line SN perpendicular to SF, N being its point
intersection with the vertical axis. Thus, halftbe arct
has been drawn with;Rnd H as centres. The other
may then be drawn by finding the point G, in exactlg
same way as that used for H, and using G a; as
centres. The arch type 3, thus drawn, has a - in
proportion to the spangreater than those in types 1 an

Fig. 5. The Arch Type 4 (Kashani, 19¢

Kashani does not recommend a suitable span fol
type.

Type 5 “Fig. 6”
M Through the points A and B of the span AB draw
vertical lines perpendicular to AB. Cut off AG ¢ BH,
equal to AB, and with H and G as centres and HAR¥
as radius draw the arcs AF and BF. Join HA and G®&
extend up to J and K respectively so that AJ (= B
equal to the thickness of the arch. Again, withrd & as
centres and HJ

(=GK) as radis, draw the arcs IS and TM, | and

being their points of intersection with the line tife
springing and the points S and T are on the exieasof
HF and GF. Like the previous types draw the linsisafd
NT. Like the arch type 4, this is also made f three
parts AISF, FSNT and FTME

Fig. 4. The Arch Type 3 (Kashanl967

For this type of arch, Kashani recommends
following, ‘this method is suitable for large andry large
arches with spans more than 10 baa, a baa beirad &x
the distance between the tip of the middle fingkthe
right hand and the correspding point on the left har
when they stretched apart horizont&f?°, which will be
roughly equal to 175 cm (Kashani, 1967).

Type 4 “Fig. 5”

Divide the span of the arch AB into three equatgat
points P and O. Then, with centre at O and radiA
draw arc AF, intersecting the vertical axis at Rd avith
centre at P and radius PB draw the arc BF. Drawitles
PF and OF and extend them upwards. Draw arcs I
MT with O and P as centres and Ol (=PM) as radius
(=BM) being equal to the thiclkess of the arch. The
intersect extensions of OF and PF at S and T résphc
As in the previous three types, complete the argt
drawing the lines SN and TN. However, unlike
previous three types, which are made up of fivaspahis
arch has a threpart facade, AISF, FSNT and FTN

Fig. 6. The Arch Type 5 (Kashani, 19¢

Again, Kashani does not recommend a suitable
for this type of arcl{fKashani, 196.

The second part of this section of Meftah al He
dealing with arches and vaults is devoted to
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presentation of three charts, the first of whictveg
coefficients for the easy calculation of some geiice
properties of the first four types of arshéAlthough no
meant to help in the structural design of the ascligese
coefficients were of great help to the builders
technicians in laying out and construction of thehas a:
well as estimating the required building materi
scaffolding, etc With regard to these charts, Kasha
statement is as follows:

“After getting through the definitions of arch awault,
we proceed to measure them and we arrange somts
or tables with the description of their use on iasis of
relationships between some of their measuremergizes
and their spans. After pviling the methods of findin
these measurements, we arrange other tables wathge
in Indian Numbers (argham hendijashani, 196

In this method Arabic letters are used as symbmi:
numbering. For each of the first four types of ahthe
chartprovides coefficients to calculate i) the rise eigt
of concavity (intrados), ii) the length of intragdas) the
height of convexity or the maximum height, iv) amfahe
facade of the arch and v) the empty area underribal
arch.

The chart is explained by the copesding diagram
in “Fig 7, 8".

- o ] -
S E|E| 8
= | E | &
1. Multiply span of the arch by this
coefficient to find the length of ~ - o ~
concavity line or the intrddos of the ~ w - o
arch o ~
2. Add the product of this coefficient
and the thickness of arch to the length <+ [ 9 )
of concavity line (as found above) - T = ~
and then multiply the result by the [ 1) - ")
thickness again to find area of facade . - .
of the arch — - -~ -
3. Multiply span of the arch by this
coeficient to find the rise of the arch ol © | W
which is the maximum height of the » o | w <+
cocavity line / intrados from the w n | @
springing line . . .
o o = =)
4. Product of this coeflicient and the
thickness of arch gives the vertical o [ o
thickness of the arch at the crown a2l o= — s
which, when added to the rise (as o =) - )
found in 3), gives the maximum . . -
height of convexity line or extrados ~- - -— ~
from the springing line
5 Multiply the square of the span of arch
by this coefficient to find the hollow © ol — °Q
area enclosed by the springing line and < — [ wn ~
the line of concavity called eshare by ~ + [ » [«
the masons . [
clolole]

Fig. 7. The Chart
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o xS L Ve -
oF ComveRTY Sty iman
’ @ %
SQUAREOF L X COEFFICIENT IN CHART =
e S

OF THE FACADE

Fig. 8.Interpretation Of The Chart (Kashani, 1¢

Example: Let us now calculate the dimensiol
properties of an arch of the Type 2 (Fig 3), theetysec
mostly in that period,with a span of 20 units «
measurement and thickness of 5 units by usinghbet

1. Length of intrados = 1.651 x 20 = 33.02 u

2. Area of the facade of arch = 5 x 1.599 = 8.
33.02 =41.02 x5 =205.1 v*

3. Rise of intrados = 20 x 0.598 = 11.units

4. Height of convexity =5 x 1.099 = 5.50 = 11.3f
16.86 units

5. Empty area underneath the arch =* x 0.419 =
167.6 unit

6. CONCLUSION

As early as in the 15th century AD Giyath-Din
Jamshid Kashani published his work on arches, s;
domesgetc., based on the results of field work done loy
as well as by others before him. Because of
background as a mathematician he was able to it
some valuable information on the various typesrohes
prevalent in Iran at the time specifically out their
geometrical layout and their suitability for useralation
to the span of the opening.

Of the five types of arches described by him, dhly
first three comply with the main theme of his difim of
an arch, i.e., that it is made up of fipieces. However, his
definition of an arch and the detailed descriptafnthe
geometry of all the five types show one comr
characteristic and that is that these are all pdirsrches
As mentioned above, his study was based on ‘statiee
art’ as exsted in Persia at the time. It may then
concluded that the pointed arch existed in aburglan
Persia in the 15th century AD which reinforces thew
that they were being used in that part of the wdolda
long time in the past.

Being a mathematicm he also produced coefficiel
for easy calculation of certain dimensions of thasehes
which helped the engineers and builders in theirkwin
this paper these coefficients have not been chedbée
their mathematical accuracy. However, the workeut
example shows that the results could not be veraiay
from the exact dimensions. The authors intend teck
their accuracy and present the findings in a fu
publication. In his book Kashani also provides totber
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charts to calculate other dimensional propertieshese
arches which were not included in this paper.

After dealing with the arches the ninth sectionthud
fourth article ofMeftah Al Hesalrontinues with the study
of vaults, domes and mugarnas. Like the arch, ndstlod
drawing and charts for calculating dimensional ertips
of these structural elements are then presented.
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