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INTRODUCTION

Indian Mathematics 1in its broad sense is as o0ld as
at least Indus Valley Civilization which is also true in the
case of Indian Architecture (Vastuvidya). The earliest texts
on Indian Mathematics are the Sulba (or $Sulva) Sutras (800-
500 B.C.) which are compilations of mathematical principles

that have developed in India during ancient times.

Several geometrical principles are either explicitly
mentioned or implied in the construction of altars,
platforms, sacrificial halls and other things with a

(11)

measuring rod and thread or rope (rajju). Since rope was
used for measuring length and breadth, in course of time,
geometry was called Rajju s&stra in the early period of

Indian Mathematics (génita)(l7)

. The development of geometry
may just as well have been stimulated by the practical needs
of construction and surveying and this explains the relation
between geometry or mathematics and architecture in ancient
India.

The period extending from the Sth century A.D. to l7th
century was one of general prosperity for scientific
development in India. Aryabhata I (b. A.D.476) was the first
among the top ranking mathematicians of ancient India, as

he had not only introduced many new theories and formulae

but also anticipated discoveries of modern times. He has



also laid the foundation of different branches of
mathematics. Varghamihira (A.D.505), Brahmagupta (A.D.628),
Sridhara (A.D.750), Mahavira, Sripati and Bhaskara (b.
A.D.1114) are some of the scholars of this period who made
notable contributions to the twin disciplines of Mathematics

and Astronomy.

It was an evolutionary period of Indian architecture
and the historical evolution of architectural theory is
traceable mainly from manuscripts and published treatises,
from critical essays and commentaries, and from the surviving
buildings of every epoch. According to P.K. Zcdrya there
are about 300 texts on architecture in 1India in different
languages. Varahamihira's Brhatsamhita of 6th century A.D.
gives an authoritative treatment on building temples and
houses, in two separate chapters. Isanagurudévapaddhati,

?“Kamikagama, Samarangapasitradhara, Mayamata, and Manasara
are some of the compilations on Indian architecture
(vastuvidya). All these works are comprehensive and masterly
compilations in highly technical Sanskrit. Even though,
Mayamata and Manasara were treated as reference texts all
over India, some variations in details were adopted in
regional texts because of the geographical and climatic

differences of different regions.

In Kerala the Mahadayapuram(z) period (9th century

A.D. to 12th century) marked an all pervasive transformation



in the political, social and cultural fields and the earliest
known structural temples in Kerala rose in the first quarter
of the 9th century (A.D.823). Even though the temples were
constructed according to vastu principles that was prevalent
in India, a unique style of architecture was evolved in
Kerala and attained perfection during the late medieval and

early modern periods (14th century A.D. to 17th

(38)

century).
Stella Kramrisch calls them purely Kerala shapes with

their high sloping roofs and angular silhouettes, in temples,

mosques, palaces and churches. There had been an effusion
of mathematical, astronomical and architectural
investigations during this period. As a result of this, a

large number of treatises were formulated in these
disciplines. We concentrate our investigations on Indian
mathematics related to architecture to this period only, with

special reference to Kerala.

vénvardha and other works of Sangamagrama Madhava
(Golavid) (1340-1425), Drgganita of Parameswara (1360-1455),
Tantrasapgraha of Nilakantha S®mayaji (1443-1545), Yuktibhasa
or Ganitanydyasangraha of Jyé&stadéva (appr.1500-1610) etc,
are some of the contributions of mathematicians and
astronomers of Kerala during this period. Yuktibhasa
(Rationale in Malayalam language) which is composed in
Malayalam language deals with several branches under
mathematics and astronomy and even <cites examples from
traditional architecture of Kerala for the verification of

some of the mathematical results(66).



Further, several treatises on architecture were
fofmulated during this period. Tantrasamuccaya of Cénnas
N3rayanan Namboothirippad (A.D.1428), Silparatna of Srikumara

(16th

century), Vastuvidya (Anm.), Manusy&layacandrika of
Thirumangalath Neelakanthan (16th century) etc, are some of
the wellknown architectural texts of Kerala. These are
compilations of vastu principles composed in Sanskrit verses.
The first two. texts deals with temple architecture and the
other two explains the details of domestic architecture of
Kerala. Here we mainly consider the two texts
Tantrasamuccaya and Manusydlayacandrika. There are many
versions of Manusyalayacandrika and most of them contain
about 245 verses arranged in seven chapters. But the one
which was published by the Kochi Malayalabh&sa Pariskarana

(56)

Committee in 1125 M.E contains only 173 verses without any

chaptefwise classification. This may be considered as the

N
AY

earliest of all the commentaries on Manusyalayacandrika.

One of the contributions of 1Indian mathematics to
architecture is the method of representation of numbers.
In vd3stu texts, the system of representation of numbers is
a combination of Sanskrit names for numbers and the word
numerals (Bhatasankhyd system) with place value. The
Sanskrit names for the first nine numbers are @&ka, dvi, tri,
catur, pafica, sat, sapta, asta and nava respectively. In word
numeral system, numbers are expressed by means of words as

in the place value notation which was developed and perfected
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in India in the early centuries of Christian era. In this
system the numerals are expressed by names of things, beings
or concepts which are very familiar to the people and
therefore the system is also known as the bhuta sankhya
system, Thus the words, &kasa, bana and nanda represent the
numbers zero, five and nine respectively. The katapayadi
system is also employed for representing numbers in
traditional architecture of Kerala. The terms wused for
fraction are "bhaga' and ‘'amba' meaning part or portion.

The words padam, arddha, and paddnam are used for denoting
1/4, 1/2 and 3/4 respectively. The fractions are frequently
employed in defining the proportionate measures of the

elements of the building.

Tﬁe ratio and trairdSika or Rule of Three (proportion)
play an important role in traditional architecture. The
different parts of a building are proportionate to each other
and hence, if the measure of any one of the elements 1is
known, the measures of other elements can easily be arrived
at by proportion. The celebrated ratio known as 'the golden
ratio', belongs to the ‘'arddhadhikam' ratios in traditional
architecture. In a 'golden rectangle', the ratio of length
to its width is approximately equal to 1.618:1 or simply
1.618. This is the limiting value of the fraction Frl+1

th term of a Fibonacci series(4). The

/Fn,
where Fn denotes the n
inclination of the roof (amippu) is defined in terms of the

ratio of rise to the run by considering an elemental right



angled triangle of base of unit 1length. It is implied that
when the sides of a right triangle are increased
proportionately, the ratio of height to base remains the

sSame.

Geometrical principles are implicitly made use of in
determining the cardinal directions and forming the square
vadstumandala on a site. The vdastupurugamandala, the
intellectual foundation of a building, is derived graphically
with respect to two perpendicular axes named Brahmasitra and
Yamaslitra intersecting at the centre of the vastumandala.
The grid system and the vithi systems are geometrical methods
of determining the exact ©position of the grhavé&dika
(foundation). The geometrical constructions of a triangle,
rectangle, circle, hexagon and an octagon whose perimeters
are the same as that of a given square have contributed many
major results to mathematics. It is significant to note that
in these geometrical <constructions (or conversions) the
perimeter is kept as a constant instead of their area. This
is due to the fact that the perimeter is considered as the
prime dimension of a v&stu which defines the y®ni, the vital
air (pr3pa) of a building. This is one of the difference
of Kerala architecture from that of other parts of India.
Further, an independent method is Qerived for finding the
length of diagonal, approximately, of a square without using
the Pythagoras theorem. Several approximations are obtained

by implication for ¥, an irrational number which is the ratio



of the circumference of a circle to its diameter. Another

contribution is the implication of the value of another

irrational number J2. The idea of limit is implied in the
construction of the image of linga (sivalinga). Apart from
these, various practical methods are formulated for

determining accurate dimensions of different types of rafters
by the traditional architects of Kerala (perumtaccans). The
principles of vastus3stra were made available to the common
man through these local 'thaccans' and ‘therefore vastusastra

was often known by the name "thaccusidstram" in Kerala.

The chapterwise content of the thesis is given below

Chapter I, deals with the domestic architecture of
Kerala. The selection of site, geometrical determination
of the cardinal directions, formation of square mandala, the
grid system and the vithi systems for fixing the grhavé&dika,
the concept of marma, Vastupurusamandala, units  of
measurement, the concept of ydni, different types of 'kdlas'
and vertical elements of a building are explained with

appropriate figures.

In chapter II, 'an outline of the temple architecture
of Kerala is given. The characteristics of different types
of temples, construction of the garbhagrha, classification

of temples depending on their plan-shape, tala (storey) and



perimeter, paficaprakaras, vertical components of a temple,

ndtyamandapam (kuthampalam) etc, are explained briefly.

Chapter III, gives <various approximations to the
irrational number ¥ implied by the architectural texts. The
value of 9 (approximate) assumed in the construction of
vrttaprdsdda and in "Thaccus3stram Bhasa" is 3.1416 which
is the ‘asannd value of ¥ given by Aryabhata I (b. A.D.476).
Another value implied in 'Tantrasamuccaya’' is 3.125
approximately, in the construction of gajaprstha shape.

Some other values adopted for 9 are 3.2 and 22/7.

Chapter IV explaines the existance of ‘'golden ratio
in traditional architecture of Kerala. The method of
construction of natyamapdapa and its length to width ratio,
‘axddhadhikam ratios and 'golden ratio, construction of golden
sectangle and its properties, relation between the terms of
the Fibonacci series and golden rectangle, application in the

idol construction etc, are given in this chapter.

Chapter V explains the Rule of three (trairad%ika) and
its applications. Trair38ika and inverse trair3Sika (vyasta
trairasika) are given in detail. Theorems on similarity of
right triangles and their applications in determining the
inclination of the collarpin (vala) in roof construction are

explained with figures. Application of trairasika in

determining the heights of the ridge from the level of the



wallplate (uttaram) and the corresponding lengths of rafters
for different aviccil (pitch), determination of the length
of the side of an octagon, the 1lengths of rafters using
Ettampramdnam (gjLPostulate) and Nélémpraménan1(4th—Postulate),
various proportions of ridgeheight to semiwidth etc. are also

included in this chapter.

Chapter VI explains geometrical construction of
various plan shapes adopted in the traditional architecture
and deductions of mathematical values which are used or
implied in them. The architectural values assigned to the
shapes of a square, circle, vrttayatam (elongated circle),
gajaprstha (apsidal) and the methods of <construction are
given in detail. The practical method of determining the
approximate length of the diagonal of a square without using
Pythagoras theorem and a very close approximation to J2 are
explained. Further, the methods of construction of a
triangle, rectangle, hexagon, octagon and circle each of
which having the same perimeter of a given square and the
method of inscribing an octagon in a given square are
included in this chapter. The method of construction of
*Sricakram’', geometrical method of determination of lengths
of different types of rafters and the demarcation of lamba
and vit3na (vertical 1line and horizontal 1line) on them are

also explained in this chapter.

A translation of 'Manusyalayacandrika' in English

language is given at the end of this work as an appendix.



Chapter I

RESIDENTIAL ARCHITECTURE

1.1. INTRODUCTION

Residential or Domestic architecture forms an
important branch of Vastuvidya. It is produced for the
social unit: the individual, family and their dJdependents,
human and animal. It provides shelter and security for
the basic requirements of 1life and Vastuvidya 1is the
ancient Indian knowledge of planning, designing, building
and maintaining artefacts to meet man's physical and

metaphysical needs.

The word vastu is derived from the Sanskrit root
( 98, ) 'vas' which means 'to dwell'. In general, it
covers the earth suitable for human habitation (Bhdmi),
the buildings for different activities (Harmya), the
movable artefacts required for human use and conveyance
{Sayana and Y&na). The principal vastu is ofcourse the
Bhimi, others have been included as they rest upon the

BhOmi and are alsoc used for resting upon.

There are several texts on V3stusastra which deal
with the residential architecture of Kerala. 'vistuvidya'

and 'Manugydlayacandrika' are still used as reference
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texts on residential architecture, Though they are
compilations of vdstu principles which were prevalent
before 15th century A.D., they define a unique style of
architecture which is harmoniously blending with the

geographical and climatic conditions of Kerala.

1.2, SELECTION OF SITE

For the construction of a building which is a
r‘esidence for man or god, the first and foremost
requirement was considered to be the selection of site.
The characteristics of an ideal site is given in

Manugyalayacandrika (56) .

The site must be suitable for
the living conditions of human beings, animals and plants.
The presence of fruit-bearing trees, flowering plants and
malticinal herbs, gentle birds and animals, fertile soil,

underground spring and congenial climate were considered

good omens in the selection of the best site.

Sites of irregular shapes, like triangular,
alengated, segmental and circular were to be avoided for
ammetruction of  houses and rectangular shapes were
p»etiacred. In the case of scattered settlements
(BxabhBgagrima) as in Kerala, the locétion and extent of
the site was often not so rigidly restricted. But there

were restrictiona in constructing houses in agricultural
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fields, mountain slopes, and very «close to hermitage,
temple, river and sea. Mounds and depression may regquire
extensive levelling and may cause water logging or
drainage problems. A gentle slope towards north or east
was recommended in Vastu texts. Before the construction
work is to be started, the soil is to be examined by
taste, colour, touch, and smell, by the trees standing
thereon, by the situation of the underground spring, by
birds and animals that frequent there and by the test of
germination of seeds in the soil. Manugyélayacandrika(54)
prescribes simple experiments to ascertain the qualities
of the soil like fertility, humidity and compactness. The
imperviousness of the substrata could be tested by pouring
water in a pit of 1 Hasta (72 cm) square and 1 Hasta depth
and watching the fall in the water level. An intelligent
_¢"S8thapati’' (traditional architect) can detect the hollow
ground made by termites or rodents by gently "“tapping"”
the ground by foot and listening the sound. Thus the site
is selected accordingly and the ground is 1levelled and
c¢leansed properly. Then the next step in the process of
construction of building is the determination of the
cardinal directions for the <correct orientation of
buildings and roads in the site. 'Tantrasamuccaya' and
'Manugyilayacandrika' provide geometrical methods based

on solar path and shadows.
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1.3. SOLAR PATH AND SHADOW METHOD

This is a geometrical method based on the

solarpath(ss) .

In this method a pole (sanku) of height
% Hasta (36 cm) is fixed vertically on a properly levelled
ground. With the foot of the pole as centre and radius
equal to 1 Hasta a circle is drawn on the ground. The
points where the shadows of the tip of the pole touch the
circle in the forenoon and afternoon are noted. The line
joining these two points gives the approximate East-West

direction. To get the correct E-W direction at a place

the followimj procedure is adopted.

The shadow of the tip of the pole does not fall
at the same point on the forenoon of the subsequent day
‘due to the northerly and southerly declination of the Sun
(Uttar3yanam and Daksin3yanam). This point will be to
the south or to the north of the shadow point in West,
noted on the first day, according as the Sun is in
Uttarayana or Daksinayana. In either case the arc-length
between these points is trisected. The point of
trisection nearer to the first day's shadow point is
jc;ined with the shadow point on the East side to get the

correct W-E direction as shown in Fig.1l(a).
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The argument behind this correction 1is that the
displacement of the points on West side is due to the
movement of the sun Southward or Northward during the
twenty-four hours that have elapsed between the two
markings in the forenoon. The actual correction that is
necessary 1is for the displacement between the markings
of the forenoon and afternoon, ie, for about 8 hours.
The forenoon marking therefore 1is shifted by one-third
of the total displacement for one whole day and that is

connected with the point for the afternoon.

l.4. FORMATION OF THE SQUARE MANDALA

The 1line in the W-E direction 1is known as the
#rahmasiitra. To determine the S-N direction, consider two
.. maual intersecting «circles with their «centres on the
Brahmasiitra. The line joining the points of intersection
‘of the circles will give the 8~N direction. This line
is called the Yamasitra and the point of intersection of
the Brahmasfitra and YamasQitra is named as the Brahmandbhi

(origin).

With respect to these axes the boundaries of the
site were demarcated to form a square of required
dimensions. The diagonals of the square are known as

'Karnasiitras'.
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It is to be noted that the requisites for selection
of site for a domestic building are different from the
requisites for other buildings since the functions of a
human residence are entirely different from the functions

of a temple or such other buildings.

1.5. LOCATION OF A DOMESTIC BUILDING

If the size of the site is small (ie, between
16H x 16H and 32H x 32H), the entire site is taken as the
house-plot (g;hamag@ala)(58). If the site is of large size
then it is divided into four gquarters (quadrants) by the
Brahmasitra and Yamasuitra. The N-E quadrant named as
manugyakhapda and the S-W quadrant called as dévakhanda
are taken for grhamandala. If the size of the Khandas
are still large, these two khandas are again subdivided
into- 4 upakhapdas and the S.W upakhanda of the

manugyakhanda and the N.E upakhanda of the dévakhapga are

taken as grhamapdala.

1.6.1. DETERMINATION OF GQHAVEDIKA USING GRID SYSTEM

In the grid system (or Padavinydsam), the square
mapdala is divided into a grid of ©cells (Padas).
Manugyalayacandrika prescribes Agtavarga (8 X 8),

Navavarga (9 x 9) and Dasavarga (10 x 10) types of grid
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systems for the planning and design of houses, mandapas
etc and Navavarga is considered to be more acceptable than
others. The mandala determined by 9 x 9 grid system is
called the Paramaksgyika manpdala. It is defined by 10
lines each in the W-E direction and S-N direction
producing 81 cells (Padas) in the square magdala. In the
centre, the region of 9 cells 1is called the pada
of Brahma where all kinds of <constructions are to be
avoided. Surrounding this region is the region covered
by two envelopes of square cells which is defined as the
space for constructing the S&las (homes). The outermost
envelope of square cells defines positions of subsidiary

constructions like cattleshed, well, tank, kitchen etc.

With respect to the Brahmapada, four side spaces
and four corner spaces are available for building S&las
(homes) . The width of the spaces is the measure of 2
cells (Padds) and the 1length 1is the measure of 2, 3, or
4 cells depending on the va&stu divisions of 8 x 8, 9 x 9
or 10 x 10 grid systems respectively. The corner spaces
are square spaces with side of the measure of two cells.
In the case of 9 x 9 grid system, the total ground
coverage is restricted to 40 out of 81 cells or a little
less than 50 percent of the grhamangala and this is

acceptable according to the modern building code also.
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The outermost cells form a permanent open space around

the building, having a width equal to 179" of the

site-width 7).

1.6.2. VITHI SYSTEMS
In vithi system, the site is divided into 9 vithis

or concentric square envelopes around the Brahmandbhi,

which is the point of intersection of Brahmastitra and

Yamasiitra. The innermost vithi is known as the
Brahmavithi. The other envelopes around the Brahmavithi
are named as Vindyakavithi, AgnivIthi, Jalavithi,
Sarpavithi, Yamavithi, Kub&ravithi, D&vavithi and

PiB3cavithi in order. The width of the vithi depends on
the length of the apkapa or t&lam, the height of owner
of the house. Suitable multiples of this length is taken
as the width of the viIthi and the region comprising the

Brahmavithi and Ganésavithi is considered to be the

appropriate space for the grhavé&dika. If the site is too
small then the grhavédika is determined by combining
the Brahmavithi, Gané$savithi, Agnivithi and Jalavithi.

In any case the outermost envelope, the piSacavithi is

to be avoided for construction of madn building.

There is another method of dividing the site into

four vithis,6 namely, Brahmavithi, Devavithi, Manugyavithi
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and Pisdcavithi. The region comprising of Dévavithi and
Manusyavithi forms the buildable area of the building.

This method is used where the site is small.

Both the grid system and Vithi system broadly give
the same floor area coverage leaving the inside courtyard

and the outermost peripheral envelope.

1.7. THE CONCEPT OF MARMA

The set of orthogonal lines dividing the
Vastumandala into grids are known as nadis (padasttras)
and the diagonals of the square mangala are known as
Rajju. The lines parallel to these Rajjus (Karna Sidtras)
and. passing through the corners of 3 cells, or 6 cells
are also known as Rajjus. The nodal points of the nadis
and diagonals (Rajjus) are called 'marma‘(57). Out of these
100 murmas, there are 4 important murmas called
"Mah3marmas' [Fig.1(b)). At the points where two nadis and
two Rajjus intersect constructions such as wall, pillar
etc, are to be avoided. The rule stipulates that
constructions can be done on either side of the nodal
points leaving half the width of the sitra on either side.
Manugyalayacandrika defines the width of the sitra as
1/12, 1/8 and 1/16 of the dimension of a pada (cell) when

the V&stumandala was divided into 81 padas, 100 padas and
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64 padas respectively.

These marmas or nodal points are important because
they define the exact position of the building in the
vdstumandala. The Mahamarmas may be used as the referral
points for further <constructions, rectifications and
repairs of the building in future. Hence the
intersections (v&dha) of any element of the building with

these points are to be avoided.

1.8. THE CONCEPT OF VASTUPURUSA

The vastumandala is divided into 81, 100 or 64
cells. Then 45 regions (padas), one at the centre, 12
in the surrounding two envelopes and 32 in the outermost
enyelope, are determined and 8 positions outside the grid
are also defined. These 53 positions (padas) are called
by the names of 53 deities. Now a two dimensional
figure of a man is superimposed on this square mandala
in such a way that he lies along the Karpasfitra with his
head in the N-E corner and legs in the S-W corner. Thus
}_the square Vastumandala becomes the Vastupurusamandala
*hich is symmetric about the Karpasltra and the size of
ghe Vastupuruga varies according to the size of the
V3stumandala. But the relative positions of the spaces

in a vastumandala will not be changing and this property
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enables to bring a standardisation in the positioning
of different spaces in a building. Hence the
Vastupurusamandala is the metaphysical plan of a
building, a temple or a site plan of a house which
completely defines exact positions of specific spaces
in a building and is closely related to V&astumanpdala

based on grid system (Padavinyasam).
1.9.1. UNITS OF MEASUREMENTS

Measurement is an important factor for any
architectural construction. A system of measurement
developed from a basic wunit 1is called a scale. At
different stages of construction the necessity of small
and large measures will occur and the scale is to be
selected in such a way that it suits the requirements.
The garly linear measurements indicate that the units
of linear measurements used were mainly derived from the
parts of the human body. The finger, the palm or hand-
breadth, the foot and the cubit were the principal
measures. The anthropometric module of one vyama (span)
A8 divided by 8 to give a pada. Angula was considered
;hb the smallest practical linear measure in ancient

India. Eight angulas define a pada.
sy

hun -
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1.9.2. UNITS IN MANUSYALAYACANDRIKA

Manugydlayacandrika defines 3 types of angulas
based on the measure of 8 yavas, width of 8 Navara grain
and length of 4 Navara grain. Each type is again
classified into 3 categories of Uttama (good), Madhyama
(medium) and Adhama (bad) depending on the number of
seeds. The smallest wunit of measurement is called
Paramdnu (smallest atom) which 1is defined as the size
of the minute aerosol particles seen in a dark chamber
when the sun's rays creep into it. The units which are

the multiples of this unit are given below(l3).

8 Paramanu : 1 Trasarenu or Ratha dhuli
8 Trasarenu : 1 Romagra

8 Romagra : 1 Liksha

8 Liksha : 1 Tila (Yuka):(0.47 mm)

8 Tila (Yuka) : 1 Yava : 3.75 mm

8 Yava : 1 Angula : 30 mm

8 Angula : 1 Pada : 240 mm

3 Pada : 1 Hasta (Kol): 720 mm

8 Pada : 1l vyama : 1920 mm

Thus it is possible to unify the two dimensional
system, one based on grain size and the other based on

human size.
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The measure of 24 angula (72 cm) is the standard
Hasta which 1is known as Kisku, Aratni, Bhuja, or K&l.
By successively increasing the length of Kisku by 1
angula each upto 31 angula there will be 8 types of Kol
(cubit) and each is used for specific purposes. Thus
the 9 types angulas give rise to 72 types of Kols. The
measure of 4 Kols is defined as a dandu and 8 danpdu
produces a Rajju which is l/lOOth of a Y6jana. The octal

gystem is wused in defining the wunits in traditional

architecture which may be used in computers easily.

In traditional architecture of Kerala incorporates
different scales to serve measurement at different levels
of uses. The perimeters of gquadrangle (courtyard), well,
tank, houses etc, are measured in Kol. Door, seat
(pidam) etc, are measured in Angula and Ornaments are
measured in Yava where as clothes are measured using
Vitasti (Muzham). Weapons and other small guantities
are measured using by breadth of fingers and Musti. The
perimeters of the village, town, city etc, are determined

by dandu.

1.10.1. THE CONCEPT OF YONI

Yoni is an architectural device which defines a

proper orientation and dimension of the vastu. For
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buildings (for domestic or temple) ydni is considered
to be the vital air (prana). With respect to the
Brahmapada, a grhav3stu can take eight positions -~ four
in the <cardinal directions and four in the corner
directions. These positions and directions are
considered to be the birth places of the vdstu on earth
and denoted by the names Dhwaja, Dhuma, Simha, Kukkura,
Vrgsabha, Khara, Gaja and Vayasa in eight directions from

the East direction onwards in cyclic order.

In VAastus&stra, the orientation of the building
is defined from its prime dimension. Regarding the prime
dimension there are differences of opinion.

'Brhatsamhita', recommends the area, Rajavallabha accepts

the height, ME&nasira prescribes the width,
Tantrasamuccaya and Manugy&layacandrika adopts the
perimeter as the prime dimension of the vastu. The
method of finding the yoni is given in

Manu$yalayacandrikacnlchapter 3, verse 30) as "Istatana
vitana mana nicaye trignégtabhir bhajite %é&sd yoni" ie,
multiply the perimeter by 3 and divide it by 8. Then
the remainders will represent the 8 vyonis. Thus if P
is the perimeter then 3P=8g+r where q is the quotient and
r is the remainder, which varies from 1 to 8 (0). When

r=1, the yoni is known as Dhwaja and it defines the
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orientation of the building on the East side of the
Brahmapada (or Ankana). If r=2, it represents Dhimayoni
in S-E direction. Similarly, all the other six yonis
are defined. Since the vastu varies from large to small,
the basic units of prime dimensions also vary with the
size of the vastu. For the computation of yo&ni
perimeters are expressed in different |units. The
perimeter of a building is expressed in Hasta or Kol
whereas the perimeter of a door is given in angula and

the measure of details are presented in Yava.

In the case of <grhavdstu, the least perimeter
of Dhwajaydni is 3 Kol which is egual to 9 padas. (8
angula = 1 pada and 1 angula = 3 cm). Similarly the
least perimeters of other ydnis are 10, 11, 12, 13, 14,
15 and 16 padas respectively and the subsequent
perimeters are got by incrementing 8 padas to each
category of perimeters. Thus the y&ni system classifies
the perimeters 1into eight categories and each of these
eight sequences of numbers form an Arithmetic Progression
with first term as the least perimeter and the common
difference 8 pada in the case of buildings. This system
of numbers may be represented on an Archimedian Spiral

of an initial radius 3 Kol (cf. Fig.1l(c)).
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1.10.2. MODULAR COORDINATION IN TRADITIONAL ARCHITECTURE

Originally, the y8ni concept was formulated for
determining the orientation of the grhavastu and to
standardise the construction of buildings. But 1later
yoéni was attached to all artefacts, fixed or movable.
The standardisation in the building construction was
attained by selecting a small basic unit of size or
module in the horizontal direction. In the traditional
architecture, the basic module adopted was the minimum
thickness of the wall which was about 1 pada (8 angulas).
This module has a greater significance in Kerala than
in other parts of the 1land because here the prime
dimension 1is accepted as the perimeter which should be
a multiple of pada so that when it was divided by 8,
leaves integral remainder. Further it is stipulated that
for any building the prime dimension could be taken as
the perimeter measured along inside, centreline or
outside the walls(54). It was considered auspicious that
both the inside and outside perimeters yield the same
yoni number. This is possible only if the wall thickness
is 8 angulas (1 pada) or multiples of it. It is to be
noted that in ancient times the size of the brick was

8x4x2 angula(sg).

This module may be derived from the
height or span of a man as a reference measure which is

equal to one Vyama (= 8 pada). Hence 1 pada is the most
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appropriate basic size to be considered as a module. For
vastus of smaller sizes, modules of preferred subunits
are accepted. Thus it is evident that the modern idea
of modular coordination was not a novel concept to the

traditional architecture of Kerala.

1.11. METHOD OF FINDING PERIMETER AND LENGTH

Methods of finding the perimeter when the
appropriate 1length 1is given and the length when the
perimeter is given are explained in Manusyélayacandrika(54)
(chapter 4, verse 2-4). According to this method, if

P is the perimeter (in kol and angula), 1 kol is the

chosen length, y the ydni number then

g
I

(81 + y)/3

[
i}

and (3 P -1y)/8

54)

Another formula for P is given (Manusyélayacandrika{

as P =21 + E_l + b4 ; which can be reduced to the

first one.

For determining the y6ni corresponding to a
perimeter of a building, the perimeter is to be expressed
in Padas (1 Hasta = 3 Pada). In texts on traditional

architecture, tables of perimeters of buildings belonging
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to each ydni are given in Hasta (kol) and angula units.
Here the angulas are in multiples of 8 (ie. 8 angula or
16 angula). Even though there are 8 <classes of
perimeters representing the eight vyonis, four of them
are not accepted for houses. They are the perimeters
representing the corner y&nis or the perimeters of even
number of padas. Sometimes the y8nis are represented
by the numbers 1 to 8. For buildings, only the prime
dimensions yielding odd yodoni numbers were preferred.
Further, even these perimeters were restricted by
astrological canons (Ay3adigsadvarga) as uttama, madhyama,
or adhama. Thus the words, "ydni: prana é&vadh&m-nam"
about yd&ni becomes true since it defines the orientation,
the basic module of the prime .dimension and dimensions

of all other elements of a building.
1.12.1. PROPORTIONS IN TRADITIONAL ARCHITECTURE

In traditional architecture proportion plays an
important role in the construction of buildings from the
foundation to the last plate. The qualities like
horizontalness, verticalness and stability of an object
are produced by the proportion. The buildable area
(- grhav&dika) is determined in proportion to the area

of the plot and it is so stipulated that the ratio of
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the built area to the area of the plot must be less or
equal to  half. For domestic buildings, rectangular
shapes are accepted and the dimensions of width and
length are computed from the prime dimension (perimeter).
Manugydlayacandrika prescribes three methods for finding
the width, namely, padaydni, istadirga, and gunansa

method.

1.12.2. GUNAMSA METHOD

In gunamSarmethod the semiperimeter of the building
is divided into 8 to 32 equal parts and in each case the
width 1s fixed as the measure of 4 parts and the measure

of the remaining parts becomes the 1length of the

building. Here, the ratios of width to 1length are
divided into four categories. When the 1length is an
integral multiple of width, the ratio is known as

Samatata. If a quarter of the width is added to this
length, then it is known as padadhika, and when the
length is increased by half the width, the ratio is known
as ardhadhika. If the length is diminished by a quarter
of the width (except in the 18t case) 1in the samatata,
it is called padodna. Evidently, the ratio 1:1 of width

to length belongs to the samatata category.
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Fig.1(d)
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It may be noted that the ratios of width to length
of a rectangle varies from 1:1 to 1:7, the efficiency
of space enclosure decreases so that further ratios of
width to length are deleted, Fig.1l(d). The four

categories of ratios are given below.

Samatata Padadhika Arddh&dhika Paddna
1:1 1:1.25 1:1.5 1:1.75
1:2 1:2.25 1:2.5 1:2.75
1:3 1:3,25 1:3.5 1:3.75
1:4 1:4.25 1:4.5 1:4.75
1:5 1:5.25 1:5.5 1:5.75
1:6 1:6,25 1:6.5 1:6.75
1:7

It is stipulated, without any evident reason, that

the ratios of pdddna are not acceptable for any building.

1.13. TYPES OF SALAS

Manusy3layacandrika describes nine types of central
courtyard houses. Basically they are divided into two

types - separated s&las (Bhinna sdlas) and non-separated



BHINNA SALA

Brahma Sutra Q_H_

29(a)

BHINNA AND ABHINNA SALAS

Iy

Lxauana

-

--Karnna Sittra

»
R 4
Patinjattini Kizhakkini
Thekkini
_ Yama Sutra
ABHINNA SALA North
Corner Vadakkini Corner
house house
East
West ANKA$A ) o
Patinjﬁttini Kizhakkini
Corner o Corner
house Thekkini house
South

Fig.1l(e)



30

silas (Abhinna s3las) [Fig.1l{e)}. If the four side-houses
(diksalas) stand separated around the courtyard (or
ankana) satisfying the conditions such as ydni, gati,
width etc, prescribed for each of them, it is called a
'Bhinnasdla’. When the four side houses (diks3las) are
structurally combined as one unit together with the
corner houses (vidiks&las) is called Abhinnasala.
Depending on the methods of Jjoining the roof frames,
interconnecting the sidehouses and corner- houses using
passages (alindas), and computation of yoni etc, the
Abhinna s3las are again classified into 8 types so that

there are 9 types of catussidlas in total.

In Kerala the catussdla is known as N&lukettu,
generally built for the elite group, which is a
combination of four side houses along the four sides of
the centralyard, or nadumuttam. This form is extended
horizontally to Ettukettu, Patinarukettu etc, by
adjoining suitable number of courtyards or vertically
by constructing suitable number of storeys (tala) exactly
as that of the ground plan. Depending on the needs, one
may build any one of the 4 salas (Eakasiala), a
combination of two (dvisdla) or a complex of three
(Trisdla) according to the rules stipulated in the

Vastusistras. The common type of sala (house) accepted
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in Kerala is the Ekasala which consists of a core unit
containing three rooms connected to a front passage
(Alinda). This may be extended horizontally by adding
corridors on four sides and vertically by constructing

upper storey.

1.14. VERTICAL ELEMENTS OF THE BUILDING

The height of the building from the ground level
upto the level of wallplate (Uttaram) is termed Padamana,
which is taken equal to or proportional to the width.
The height of the foundation (adhistana) is a fraction
of the padamdna and the thickness of the wall is also
proportional to the padamana. Deleting the height of the
adhistdna from the pAidaména gives the height of the
pillar. The wall is topped with the wallplate (Uttara)
which is considered to be the most important (Uttam3nga)
component of a building. The uttara (wallplate) is placed
over the pdtika at the upper end of pillar. There are
three types of uttaras namely, Khapddttara, Pathréttara,
and Ripdttara (the definitions are given in the glossary)
depending on the thickness of the uttara in relation to

its width.
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The roof frame consists of ridge (mdntayam),
rafters rand the uttaram (wallplate) or the a&ariddam. The
rafters are held in position by collar and collar pins.
(Bandam:. and Vala). The rafters are seated on an
additional annular wooden member (cittuttaram). The
individual elements of the building are fabricated
independently and joined together in position by using
wooden wedges. The individual members can be dismantled
by removing the wedges without damage to them and may
be reassembled. The pitch of the roof is taken as 45°.
The Perumthaccans of Kerala were responsible for the high
degree of perfection achieved in construction of

traditional buildings.

* % %k ok kK ok ok Kk



Chapter II

TEMPLE ARCHITECTURE

2.1. HISTORICAL BACKGROUND

The history of architecture is concerned more with
religious building than with any other type because in
most civilizations the wuniversal and escalated appeal
of religion made the church or temple the nmost
expressive, the most permanent and the most influential
building in any community. In 1India temple was
considered the residence of the deity and it is the most
significant and typical monument of Indian architecture.
The earlier shrines were simple enclosures or plain
structures likgx‘p%atform with or without a roof. The
elaborations of the temple structure followed the firm
establishment of image-worship and the accompanying
development of the ritual, which took time to

crystallise.

In Kerala the earliest temples so far discovered
date from the eighth century A.D. The Kulasekhara period
(800-1102 A.D.) marked the rapid establishment of temple
complexes and Kerala's peculiar temple architecture owe

much resemblance to N&lukettu and Ettukettu of the
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(2)

traditional houses . It attained perfection during
the late medieval and early modern periods. Several
vadstu texts were formulated during this peried and
'Tantrasamuccaya' of Cé&nnds NA&rayanan Namboothirippad
explains the complete details of temple construction and
the methods of offerings to seven deities in 2896
Sanskrit verses comprised in 12 chapters. The first step
in the —construction of temple is the selection of

appropriate site.

2.2, SELECTION OF SITE FOR A TEMPLE

The sites for temples are described in
Tantrasamuccaya elaborately. They are defined on the
hill tops, on the banks of rivers and seas, along lakes,
near the holy waters, grooves of trees and such other
locations which will provide mental happiness and peace.
The sites of types of Supadma, Bhadra, and Poorna are
auspicious for temples whereas the type of 'Dhimra' is
inauspicious for the purpose. The sites for temples 1in
villages or «cities may be 1located at the centre or at
different positions according to the nature and power

of the deity.
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After selection of appropriate site, the so0il is
to be tested for its compactness as in the <case of
domestic buildings and sanctification of the site should
precede temple construction in accordance with the
stipulations given in the texts. The cardinal directions

are to be determined accordingly.

2.3. GEOMETRICAL METHOD OF DETERMINING THE CARDINAL
DIRECTIONS

For the determination of the cardinal directiong
a simple geometrical method is given in Tantrasamuccaya.
Here also, consider a wooden peg (Sanku) of length half
hasta. It is fixed vertically on a properly 1levelled
ground. Draw three concentric circles with radii %, 1
and 1% hasta respectively and with centre at the foot
of the %sanpku. The points at which the shadow of the tip
of the sapnku just touches the circles are marked on the
circles. Then, with these points as centres draw three
circles having radii equal to % hasta. The two lines
through the points of intersection of the circles will
meet at a point and the line joining this point and the
foot of the sanku will determine the North-South
direction. The perpendicular 1line will represent the

East-West direction as given in Fig.2(a).
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2.4. CLASSIFICATION OF TEMPLES

Temples are classified from different viewpoints

such as their size, number of storeys they possess and

their regular shape in design. According to their size
they are broadly treated under two heads, known as
Alpaprasdda and Mahaprasada. Mahapridsiddas are again

classified as Jati, Chandas, Vikalpa and Abhasa(ls).

Depending on the number of storeys they are named as
Ekatala, Dvitala, Tritala etc, and on the basis of their
shape and design they are classified as Caturasra
{square)}, Caturasradirga (rectangular), Vytta (circular),
Hastiprgtha (apsidal), Vrttayata (elliptical), Sadkéne
(hexagonal), and AstasSra (octagonal). In Kerala, most
of the temples are of the Alpaprédsdda class and those
under the Mahapr&ss&da class are very few in number.
Based on the regional styles, temples may be classified
mainly into three types N&gara, V&sara and Dradvida (15).
This differentiation is made from the point of view of
shapes and their combination. N&gara is purely square
throughout from the basement to the finial; but with
regard to Dravida and Vé&sara, the shapes may be both pure
and mixed. The shape of the Dravida shrine may be either
purely octagonal or octagonal mixed with square and the
shape of vé&sara temple may be either wholly circular or

combined with square.
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2.5. ALPAPRASADA

In Kerala most of the temples belong to
Alpaprasada class. This c¢lass varies from a beam
(uttara) length of 2 hasta 18 angula to a beam length
of 15 hasta 10 angula and correspondingly the perimeter
varies from 11 hasta to 61 hasta 16 angula. Their widths
are grouped into 3 hasta type, 4 hasta type etc, each
width differing from the other in the measure of 8
angulas. Temples which come under the type of 3 hasta
(comprising the widths 2 hasta 18 angula, 3 hasta 2
angula and 3 hasta 10 angula) will have pillars measuring
2 hasta for their height and for that of 4 hasta type,
the height will be 2 hasta 4 angulas. The height 1is to
be increased by 4 angulas for each type of temples 1in

the increasing order upto a maximum of 4 hastas.

The total height of a temple from the lowest
member (p3aduka) of its basement to the finial (stdpika)
is prescribed in the following 4 ways. The height 1is
proportional to the breadth (or width) and is defined
as 1 % B, 1% B, l% B or 2 B where B represents the

breadth.
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2.6.1. GARBHAGRHA

The garbhagrha occupies the central portion of
a temple complex containing other accessory structures
such as Agrasdla (halls), N&tyamandapam (Kidthampalam),
Upadévalayas etc. Garhbagrha 1is of square shape even
if the prasada is of circular, octogonal or of other
shapes. The width (breadth) of the garbhagrha is

determined in proportion to the width of the prasada.

In tantrasamuccaya, the nine proportions are given
as 2/3, 3/5, 4/7, 5/9, 6/11, 7/13, 8/15, 1/2 and 5/8 of

the breadth of the préasada.

2.6.2. THE THICKNESS OF THE WALLS

The thickness of the wall of the garbhagrha is
one-eighth of the width of the garbhagrha and the
thickness of the wall of prasd3da is defined as one-eighth
of the width of the prasada. The passage between the
two walls is the Nadi (Etanazhi). If the structure is
too small, the two walls are combined into one thick

wall.
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2.6.3. THE DISPOSITION OF GARBHAGRHA

In the case of Alpapras&da divide the length and
breadth of the prasdda each into 5 equal parts forming
25 padas. Then the <central pada will form the
disposition of the pitha or pedestal of the seat of the
deity (Mdrthi). The immediate eight quarters that
surrounded the central pada will form the garbhagrha.
The Sixteen guarters that surrounded beyond the
garbhagrha will provide disposition for the thickness

of the ghanabhitti or thick wall.

In another method“ﬁ), divide the length and
breadth of the prasada into nine parts each forming 81
padas. The innermost pada provides for the pitha, the
eight padas surrounding will c¢onstitute the garbhagrha.
The surrounding 16 padas will constitute the division
for the inner wall, the wall of garbhagrha. The
outermost padas will provide for the wall of prasada.
The space between the two walls is known as the N&di

{Etanazhi).
2.7. VERTICAL COMPONENTS OF A PRASADA

In general, there are six main parts of a temple,

namely, Adhista3na (basement), Pada (pillar), Prastara
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(entablature), Gala (neck), %Sikhara (roof), and Stiipika
(finial). The Kerala temples in their simplest form have
only the four essential parts instead of six of the
simple vimana (temple). The Prastara and Gala (griva)
below the ‘Sikhara are avoided. These parts bear fixed

and relative proportion to one another.

The Adhigtana (base) 1is the 1lowest portion of a
building. It is the strongest, firmest and the most
solidly built, and carries the weight of the remaining
parts of the structure above. Adhistana is classified
into different types on the basis of difference in
dimensions of its mouldings or the presence or absence
of one or other of its mouldings. The various mouldings
of the adhistana are Paduka, Jagati, Kumuda, Gala,
Antari, Kampa, Pattika or Patta, Prati and Vajana. There
are four types of adhistanas explained in

(15)

Tantrasamuccaya as given below.
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Height of the Adhigtana is divided into

{(c) 12 parts (d) 12 parts
(a) 24 parts (b) 21 parts (Pratikrama) (Padabandha)
Paduka - 3 Paduka -3 - -
Jagati - 8 Jagati - 7 Jagati - 4 Jagati - 4
Kumuda - 7 Kumuda - 6 Kumuda - 4 Kumuda - 4
Gala - lg Kumuda Kumuda Kumuda
Pati -~ 1 Pati -1 Pati -1
Kampa - 1% Gala with Gala ~ 1 Gala - 1%
Pada - 2
Gala - 1% Gala Pati- % Vajana - 1 Vviajana
with Pati- 1%
Pati - 1% Pati with Pati -1
Vajana - 1%
Total - 24 Total - 21 Total - 12 Total - 12
The garbhagrha is constructed on the adhistSina.
Among the structural divisions of a temple, the
columns come above the Prati and below the Uttara

(Wallplate). The pillars are spaced

apart so that the weight supported is

at equal intervels

equally distributed

among them. Columns differ in their shapes and
architectural ornamentations. Geometrical shapes 1like
square, octagonal, sixteen-faced and circular are used
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in the construction of pillars. Pillars of mixed shapes

are constructed depending on the type of prasada.

The sikhara corresponds to the roof of the temple
or garbhagrha. In small temples, the garbhagrha and the
prasada will be the same and the garbhagrha will have
corbelled roof. The inner side of the garbhagrha being
made into an octégon by putting up corbels at the corners
from above half the height of the door and gradually
clossing the gap with stones, or bricks according to the
'Kadalikakarana' process(le) . The height of the ceiling
from the 1level of door will be half the width of the

garbhagrha.

To construct the roof of the temple, the rafters
are to be so placed that their lower end must rest on the
uttarapattika, while their upper extremity must be secured
on a kita of suitable shape and dimensions. Then the
rafters should be covered all around with wooden planks
or metal-sheets. Tiles are used for covering the pyramidal

roof of wooden planks.

The %Sikhara is surmounted by a finial (Stlpika).

It bears distinct proportion to the height of the temple
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VERTICAL COMPONENTS OF A SRIKOVIL
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and in general, its height will be equal to that of the
height of the basement (adhigtana). It consists of 4
parts, namely, Padma (full-blown lotus), Kumbha (pot),

N3la (lotus stalk) and Kudamdla (lotus-bud).

2.8. VERTICAL PROPORTIONS

Tantrasamuccaya prescribes the simplest and most
commonly accepted proportions. The height of the temple
is determined in any one of the ways as prescribed
earlier. Divide this height into 8 parts. Then the
height of adhisténa, pillar (or wall), prastara, gala,
Ssikhara and finial will be glven by 1 part, 2 parts,
1 part, 1 part, 2 parts and 1 part respectively. Thus
each element of the temple will be in the ratios
1:2:1:1:2:1 of the height of the temple (Fig.2(b}). But
the height of the temple depends on the width of the
temple and hence each vertical component of the temple

is proportional to its width.

2.9. DISPOSITION OF THE DOORS

The main door of the sanctum sanctorum, is placed

in front of the image (deity). Divide the thickness of

the wall into 12 parts and mark line separating 7 parts
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inside and 5 parts outside this line. The door should
be so placed that the middle of the door must coinside
with the above line. There are other three doors known
as 'false doors' or ‘'ghanadvaras' on the other three
sides. They possess all the ornamental details of the
main door along with the decorations ¢f Toranas on their

upper side.

In front of the entrance is a flight of
stone-steps (sdépdna) flanked by stone side-slabs or
balustrades, which c¢ontain rich relief sculptures, the

banister or coping being shaped in the form of an

elephant trunk issuing from a vyalimouth.

2.10. PANCAPRAKARAS

These are the bounding 1limits of five regions
surrounding the pras3da or Srikovil. These limits are
defined in proportion to the width (breadth) of the
prasada and the outer-width of the prasidda is known as
dandu. The Paficaprak&ras, Antarmandala, Antahara,
Madhyahadra, Bahyahira and Maryada are determined at %,
1l or 1%, 2, 4, and 7 dandu from the external side of the

prasadda accordingly, Fig.2(c). The Antarmandala and

Maryada are of square shape while the other three are
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PANCAPRAKARAS
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Fig.2(c)
A. Pitham
B. Namaskaramandapam
C. Balikallu
0. Prasada (Srikovil)
1. Antarmandalam
2. Antahara
3. Madhyahara
4. Bahyahara
5. Maryada
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of rectangular shape with front side elongation

{Mukhdy&mam) .

The innermost boundary line denotes the positions
of astadikpalakas. The namaskaramapndapa is located
within the ;egion of Antahdra. The open court is
surrounded by a N&alampalam (or Cuttampalam) in which the

front hall (Valiyampalam) is used for special sacrificial

activities. The Madhyahadra represents the position of
dipamala (vilakkumatam), the trellis construction
carrying rows of lamps in nine or eleven rows. The

position of the Balikallu (altar stone) is in the region
of Bahyahara. The dhwajastamba is also located in this
region. The maryada is to be constructed accordingly

with gbépuras on four sides.

2.11. NATYAMANDAPAM

In large temple complexes Natyamandapam is

included for the performance of dance (Natyam), Kiathu,

Kathakali etc. In Kerala Natyamandapam 1is known as
Kathampalam, Fig.2(d). Their shapes are of square,
rectangular, circle, elliptical and triangular. The

square or rectangular shapes are preferred 1in Kerala.

It is to be noted that the foundation of the incompleted
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NATYAMANDAPAM (KUTHAMPALAM)
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Kithampalam in Chengannur temple is of elliptical shape.

2.12. TALAMANA

This is a proportionate scale based on t&la which
is used in sculpture. The appropriate height of an idol
(bimba) is divided into 10, 9, 8 etc, equal parts. Then
each part is known as a t&la. When one tala is divided
into 12 parts, each part is known as angula. The measure
of 2 angula is a 'kala' or 'g&Slaka’'. Depending on the
number of divisions, the bimbas (images) are named
Dasatdla, Navatdla, Agtatdla etc. In Navatila system

the length of the face of the idol is fixed as one tala.

% % Kk Kk Kk k%



Chapter III

THE CONCEPT OF ¥ - VARIOUS APPROXIMATIONS

3.1. INTRODUCTION

The ratio of the circumference of a circle to its
diameter, has fascinated mathematicians through the
centuries and the realisation that this ratio remains
the same for all circles is a great event in the history
of mathematics. It was William Jones (1706) who first
used the notation L (pPi), a Greek letter, for
representing the ratio of the circumference of a circle
to its diameter and gained popularity by the adoption

of the symbol by one of the greatest mathematicians
(12)

Leonard Euler (1707-83) . In 1761 Lambert proved that
1 is irrational and C.L.F, Lindemann, a German
mathematician, in 1882, established that q is a

transcendental number which cannot be expressed as a root

of an algebraic equation with rational coefficients.

Various approximations to q are implied or
explicitly stated in texts on V3stusastra, Sulbasdtras
and in most of the mathematical works of 1Indian
mathematicians ranging from Aryabhata I to Ramanujan.

Nilakantha even stressed the irrationality of 9 in his
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(75)

'Bhasy&' on Aryabhatiya and Madhava expressed ¥ as an
infinite series. Many approximations to % are implied
in texts on traditional architecture of Kerala such as
'Tantrasamuccaya' of <Cé&nnas Narayanan Namboothirippad,
'Thaccusastram Bhdsa' (Gadyam) (author unknown),

(47) of Mah®swaran Bhattathirippad etc,

'Kuzhikkatu Pacca'
in the <construction of temples and altars. In this
chapter we deal with the approximate values of 9 which

are given in the available architectural texts.
3.2. VALUE OF 1 IN THE CONSTRUCTION OF VRTTAPRASADA

A method of construction of Vrttaprasada is

r
(lJ). Since the prasada

explained in Tantrasamuccaya
(Srikovil) is having a circular plan-shape, a circle of
the desired circumference is to be constructed. The

method is described in the verse given below:

swdbhistamané dasSayuktasaptasatamsité
viswalasacchatamBa:

yasté&na manena paribramayya vrtt3tmakam
vasma samdtanstu.

(Tantrasamuccaya, patalam 2, sldka 65)

This means that divide t(he desired perimeter of the

circle into 710 parts and then draw a circle with radius
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equal to the measure of 113 parts. This will be the
circle whose circumference 1s equal to the perimeter of

the Vrttapras&da.

Let C be the circumference of the circle. Then
according to the above verse, the radius of the circle

is 7%— x 113 and therefore its diameter is 7%— X 226.

But 9d = C

=
1
oN e}

~
-
o

|

[\§]
N
)]

W
(6]
(S,

—
—
w

= 3.1415929, approximately

or 1 = 3.1416, correct to four places of decimals. This
approximate value of 9 is implied in Aryabhatiya of

Aryabhata I (A.D.499) as given below:

Caturadhikam Satamagtagunam
dvadasgthistatha sahasr&nam
ayutadvaya viskambhasya-

sannd vyttaparindha:
(Aryabhatiyam, Ganpitapidam, sldka 10)
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The rule reads "The circumference of a circle of diameter
20000 is close (asanna) to 62832"., This implies the fine

approximation

E ]
1]

62832/20000

3.1416
Thus the wvalue of 9 assumed in the construction of

Vrttaprasada is more accurate than the Aryabhatian value.

3.3. VALUE OF ¥ IMPLIED IN THE CONSTRUCTION OF GAJAPRSTHA
SHAPE

Another value of 9 is implied in the construction
of Gajaprstha (apsidalj type of temples. The plan shape
is a combination of a square and a semicircle. The
measurements of the sides of the Gajaprstha shape are

given in the verse below:

swdbhist® parindhamidnanicayé& dhamnasca tusgsastibha-

gdnéfstadasadha krtéfrpnavamitairamsai:
prthakkalpayé&d

parSwadvandva samayati mukhatatim ca, dvyamsa
slitrabhramat

praya: s&mghrirasdmSandhamapi prstham hasti
prsthatmana:

(Tantrasamuccayam, patalam 2, sldka 67)
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The rule states that the desired perimeter of the
gajaprgthaprasada is to be divided into 64 equal
divisions and delete one division from it. The remaining
length is further divided into 18 equal parts. Then the
front and the two sides are to be constructed with the
measure of 4 parts each. The fourth side {(rear side)
is completed by drawing a semicircle with the fourth side
of the square as diameter. Then the perimeter of the
semicircle will be approximately (prdya:) equal to the

measure of 6% parts.

Let the perimeter of the prasdda be 64 units., When
it is divided into 64 divisions the 1length of each
division will be 1 unit. After deleting one division,
the remaining length of 63 divisions is again divided
into 18 equal parts. Then the length of each part will
be 3% units. According to the above rule the length of
front and lateral sides of the prasdda are of 4 parts
each. The rear side (prstha bhaga) is in the shape of
a semicircle whose diameter is equal to the 1length of
the side, 4 parts. Therefore its radius will be of 2
parts which is egqual to 7 units and hence the perimeter
of the semicircle is 74. But it is given that the
perimeter of the semicircular portion is approximately
(praya:) equal to 6% parts which is equal to 21.875 units

approximately.
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£}

.'. Perimeter of the semicircle 21.875 units, approximately

ie, 79 = 21.875 units, approximately

21.875 .
—=5 + approximately,

= 3.125, approximately.

But the desired perimeter of the prasada is taken
as 64 units. The length of the front and lateral sides
equal to 42 units. Therefore the remaining perimeter
is 22 units. Hence the perimeter of the semicircle lies
between 21.875 units and 22 units. Thus the value of
¥ lies between 3.125 and 22/7. Further, the above rule
gives an 1important idea regarding the nature of the
number represented by . The radius of the semicircle
is stated to be 2 parts or 7 units whereas the
semiperimeter 79 is defined as approximate (praya:).
This implies that the value of 9 is only approximate or

it is not a rational number.

The above value of 9 have been found implied in

the M&anava Sulba Sdtra where the value of % |is
1

approximated to 25/8 or 37 . This value 9 = 3.125,

approximately, also implied in the data found in ancient

Babylonian tablet(22). Chih of China is said to have used
it in third century A.D. This wvalue of 9 1is wused 1in
traditional architecture of Kerala for practical

purposes.
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3.4. VALUE OF ¥ IN THE CONSTRUCTION OF A CIRCLE WITH
PERIMETER EQUAL TO THAT OF A SQUARE

According to the rule of construction
(construction and rule 18 given in chapter VI) of circle

given 1in 'Tantrasamuccaya', the radius of the circle is

+

Nj o

defined as + where a is the side of the square.

ol

. . the perimeter of the circle

a a
21'[(5 + g)

5%a
4

If this perimeter is equal to the perimeter of

the square then 2%3 = 4 x a
. 5% = 16
16
"= 73
= 3.2

This value 1is greater than the other values of 9 given
in the above two cases. This approximation may be seen
in some of the earlier works on mathematics,

I(22)

Bhaskara (early 7th century A.D.) has given the

approximation
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Sin 8 _ 490(180 -8)
in - 40500 -6(180 -9)
Where is in degrees. For the radian measure of the

argument, we shall have

Sin ¢ = 16 ¢(v - ¢)
59 - 4 ¢(71 - ¢)

For very small angles, we have

sin ¢

1l

(16/5%)¢

when @ tends to zero and wusing that the 1limit of
Sin ¢/¢ is unity, we get the approximation of

9 = 16/5 = 3.2

This value of 9 is found implied in the Manava Sulba
Sitra and in the medieval Tamil work Kanakkadikaram of

Kari (after 12th century A.D.).

Another method 1is explained in 'Tantrasamuccaya'
and Kuzhikkattu Pacca and according to this method the
radius of the circle is determined as

(1 + 2)a

r = —'-"‘_"4"—*"_ !

where a is the length of the side of the square. (The

rule and method of construction is explained in

chapter VI).
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Then the perimeter of the circle (circumference) will

be
29(1 + J2)a = (1 + {2)a
4 2
When a = 4, the circumference of the circle is equal to

29(1 + J2) and that of the square will be 16.

If they are equal then,

29(1 + /2)

16

c g ____16 _ 8
st To2(1 v L2) 1 +42

= 3,314, approximately.

This implied value of 9 differ much from the approximate

value of ¢.

3.5. APPROXIMATION TO ¥ IN 'THACCUSASTRAM BHASA'

'Thaccusdstram Bhasa' (gadyam)(s) is a book on

traditional architecture of Kerala, whose content 1is

similar to that of the 'Silparatna'. It deals with the
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calculations and dimensions related to the temple
construction. A method of construction of a circle is
given at the end of the book. It is explained in the

lines given below:

'Vrttaprasadattinte cuttinekkondu ezhupattionnu
kirittal atilorukiiru kondu pattu kiirittatil munnu kiru
ezhupattionnittatileppatinonnum kitakkitiya nilamulloru

(5)

kaiyurikondu vicumpdl vrttattinte suksmam varum'

The rule states "The perimeter of the Vrttaprdasada
(circular srikovil) is divided into 71 divisions. The
length of one division 1is again subdivided into 10 parts.
Add the 1length of 3 parts to the length of 11 divisions.
The required circle 1is got by drawing the circle with

the above length as radius.

Let the perimeter of the Vrttaprasadda be 71 units.
Then by the above rule the radius of the circle is equal
to]J+T% = 11.3 units. .. the perimeter (circumference)

of the circle = 22.69., But it is assumed to be 71 units.

L2269 = 71
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= 3.1415929, approximately

= 3.1416, correct to 4 places
decimals

This is the same value of 9 implied in Aryabhatiya and

Tantrasamuccaya.

3.6. APPROXIMATION TO ¥ IN FINDING THE RADIUS OF A CIRCLE

A method of finding the radius of a circle whose

‘Balaramam', a book

. . - (34)
on traditional architecture of Kerala ] The method

circumference is known is given in

is given below:

'Kupaparivrtalarddham
arddhaké vimsati dvayam
saptamsakam prabhdrikku

nilamkolluka buddhiman'.

(Balaramam, Vrttapramanam, page 39)

ie, the radius of the circle will be the length of 7

divisions when the semiperimeter is divided into 22

divisions.
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If ¢ is the circumference and r represents

radius then

2 x 22

But the circumference of the circle = 29r
C = 29r
.. —2%- = .  Tmmms—s—= (2)
From (1) and (2) we have,
7C - &
2x22 29
S |
Tt 2 1
22

Thus the value of 9 assumed in this rule is =

the



Chapter 1V

THE GOLDEN RATIO IN TRADITIONAL ARCHITECTURE

4.1. INTRODUCTION

The Golden Ratio (or Golden section) which is
known as ‘'Kanakamuri' in traditional architecture is an
important concept in both ancient and modern artistic
and architectural design. It is the geometrical
proportion in which a line AB is divided into two parts
by an interior point P in such a way that AB/AP = AP/PB

(cf Fig.4(a)].

P

—

Fig.4(a)

A rectangle whose length is in this ratio to its
breadth is called a golden rectangle. In this chapter
we illustrate the existence of golden ratio in
traditional architecture, relation between golden ratio
and arddhadhika, and its application in the constructions

of Natyamandapa (Kathampalam) and idols of deities

{bimbad .
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4.2, THE CONCEPT 'GOLDEN RATIO'

Dividing a segment into two parts in mean and
extreme proportion, so that the smaller part is to the

larger part as the larger is to the entire segment,

yields the socalled Golden section and the ratio £§7;~£
1.618 (approximately) designated as ¢, is known as the
golden number. The ratio {E—%*l = 0.618, approximately,

is the reciprocal of ¢. This number has many fascinating
qualities and the ancient Greeks considered the regular
pentagon which includes a number of ‘'golden ratio'
relationships, as a holy symbol. In a regular pentagon
PQRST there is a golden ratio relationship between any
diagonal and any side of it, namely,

PR:PQ = 1.618.....

Further, all the diagonals intersect each other

in golden ratio such that, [cf Fig.4(b)],
S

Fig.4(b)

PR LR M
R - ¢: _— = ¢, R - ¢, when ¢ = 1.618, approximately.
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In a regular decagon (10 sided polygon) the ratio

of a side to the radius of the circumcircle is also ¢.

4.3. GOLDEN RECTANGLE AND ITS PROPERTY

A rectangle in which the ratio of the 1length to
width is equal to 1.618 approximately, is called a golden
rectangle ([cf Fig.4(c)]. This number ¢ produces a set

of nesting rectangles.

PO

PORS is a rectangle such that oR ° 9, and  PTUS
is a square such that %g = ¢.
U
2
1
5 6
3
4
T

Fig.4(c)
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This is a representation of the so called 'golden
rectangle’'. If the largest square in a golden rectangle
is cut away, the figure remaining will also be a golden
rectangle. Such rectangles are characterised by a length

. . /5 . (4)
to width ratio of (1 + 5}/2, the golden ratio . It
is believed that the ancient Egyptians wmay have used this

ratio in the construction of Pyramids. This ratio recurs

often in number theory; for example

lim Fny; _ 1+ 5
n->w Fn 2

l

1.618 approximately,

where Fn 1is the nth Fibinacci number

(4

This is an

irrational number which is the solution of the equation

Solving the above equation we have,

1: 45
2

The golden rectangle whose sides are in the ratio
1:¢ has the following property that the ratio of the

length of the smaller side to the greater side is equal
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to the ratio of the 1length of the greater side to the

sum of the lengths of the two sides(49)

o1 _
16’6_ ¥ 1

between 1 and ¢ + 1.

or ¢ is the mean proportion

~-

iel l+¢

ie, ¢* - ¢ -1 =

I
o o

If we divide the golden rectangle into two parts
such that one of the smaller resulting rectangles is a
square then it follows that the proportion of the second
rectangle is 1:§ itself [cf Fig.4(d)].

¢

T

— 1 W P

Fig.4(d)

The proportion is 9—%—1 and multiplying by ¢ we

2
get%—g. But¢z—¢=l.
z - 1
. 9—75—9 = ¢ which 1is the same as the original

proportion.
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4.4. GOLDEN RECTANGLES AND FIBONACCI NUMBERS

A sequence of numbers each of which, after the
second, is the sum of the two preceding numbers is known
as FPFibonacci numbers. The sequence 1, 1, 2, 3, 5, 8,
13, ....... is a Pibonacci Bsequence of numbers. This
sequence was discovered by Leonardo Fibonacci, also
known as Leonardo of Pisa (1170-1250). The formula for

generating the sequence is

X = X + % ; where X is the nth
n-2 n

term of the sequence, n> 2.

Another formula for generating the Fibonacci

(4)

numbers is attributed to Lucas . It is given as

n 5 2 2
(49)
Further, the sequence of numbers '
1, 1.618, 2.618, 4.236, 6.854, 11.090, .......

(correct to three places of decimals only) have the
property that if we add the first two terms together
(1 + 1.618) we get the third, 2.618. In the same way

the sum of the second and third 1.618 + 2.618 gives the
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fourth, 4.236; and so on. Thus each successive term is
the sum of the preceding two. Therefore it is a
Fibonacci sequence of numbers. In the above sequence
the ratio of any term to its preceding term is 1.618

which is the golden ratio.

The Fibonacci numbers can be used to make a golden
rectangle. Consider a unit square representing the first
term of Fibonacci segquence. Then add a second square.
Add a third square to fit the longest side. Again add
a fourth square with its side as the longest side of the
above square. If we continue the process we will

eventually get a golden rectangle [cf Fig.4(e)].

3
1 1
2
1 1 1
Fig.4(e)

Thus the Fibonacci numbers and the golden

rectangle are closely related.
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4.5. GOLDEN RATIO AND ARDDHADHIKA

In Vastusdstras, four types of width ¢to 1length
ratios are defined in determining the width of the house
in gunamsa method. They are Samatata, Padadhika,
Arddhadhika, and Padona (explained in Chapter 1I). They
define four categories of ratios of width to length in
rectangular buildings. The arddhadhika ratios are(sg)
1:1.5, 1:2.5, 1:3.5, 1:4.5, 1:5.5, 1:6.5. It is to be
noted that the ratios from 1l:1.5 upto 1:1.75 are also
considered as arddh&dhika. According to
Manusyalayacandrika(54), padadhika ratios are most suitable for
domestic buildings and arddh&dhika ratios are accepted
for buildings, idols, nAtyamandapa etc, which have
aesthetic values. Thus the golden ratio belongs to the
arddhadhika ratios 1in traditional architecture. The
existence of golden ratio in traditional architecture

may be understood from the construction of KGthampalam

of Kerala.

4.6. GOLDEN RATIO AND NATYAMANDAPAM (KUTHAMPALAM)

'Tantrasamuccaya' (Silpabhagam)(l6)

of Kanippayyur
Damodaran Namboothirippad, gives a special method of

constructing a N&dtyamapdapam (Kuthampalam) in temple
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complexes of Kerala. The method 1is explained in the

verse given below:

paryant@ pratiydnibhaji bahirutthé vottarasyad thava
maddhyasthé dalité, tatd vibhajit@ samyak caturvvarggakai:
syadamSa: pada, mayatistu vitatérdwabhyam padabhyam yutam,
tacchistd@ tati, ruttaram natanadhamnam dwitrisamkhyam matam

(Tantrasamuccaya (8ilpabhagam), Chapter 10, slocka 1)

This states that the perimeter along the uttara (beam)
of the natyamandapa must be of the 'pratiydni' (opposite
yoni) of that of the prasada (Srikovil). [This is due
to the fact that the natyamandapam and the Srikovil are
facing each other]. This perimeter may be measured
either along the central line or along the boundary line
of the uttara (beam). Divide the semiperimeter into 16
equal parts and each part is called a 'pada'. The length
of the mapgapa (along uttara) is obtained by adding 2
pada to the half of the semiperimeter (to % of the
perimeter) and the width 1is determined by subtracting

this length from the semiperimeter.

Let us examine the ratio of the 1length to width

in the above construction of rectangular Natyamandapa.
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Let the perimeter of a Natyamandapa be P and a be the

side of a square of the same perimeter.

Then P = 4a
. . . p
. . Semiperimeter = 3
= 2a
R p a . . .
Dividing by 16, we get, =5 = g This is the unit

'Pada'’ defined in the text. by the above verse we

have,
Length of the Natyamandapam = a + % X 2
= a+ 3
- 4
_ 5a
- 4
Width of the Mandapa = a - % x 2
= -2
a7
. 32
- 4
3a
. Width - 4
° ° Length 5a
4
= 3
- 5

ie, Width:Length = 3:5
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or L:W = 5:3

= 1.66.......

But the golden ratio 1is 1.618 (approximately). Hence

the above ratio is very close to the golden ratio.

4.7. CONSTRUCTION OF BIMBA (IDOL) AND GOLDEN RATIO

It is significant to note that the bodies of many
living beings (natural organisms) including man (the
human body), are really based on golden ratio
relationship. For example, the ratio of the height of
the navel from the feet to the height of the head from
the navel (of a man of standard height) is ¢. In the
construction of Navatdla or DaSatdla bimba (idol), the

(15)

ratio accepted in Tantrasamuccaya is 1.6, approximately,

which is very close to ¢.

In the case of Navatala bimba, the total height
of the bimba (idol) is divided into 108 equal parts and
each part is called an angula. Two angula form a 'Kala'

or 'Gélaka' and 12 angula constitute a 'T&ala'. Since
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the height of the bimba 1is 9 Ta&ala, it 1is known as
Navat&la bimba. The height of the idol is divided into
two parts at the navel point in such a way that 66

angulas are below the navel point and 42 angulas are

above it. Then the ratio of these lengths is equal to
66 _ . .
v v 1.6, approximately, which 1is very <close to the

golden ratio. Further, the ratio of the total 1length

to the height of the bimba upto the navel is

108

66

1.6363, approximately.

This is also very close to the golden ratio and belongs

to the arddhadhika.

Similarly, in the <case of Dasatala bimba, the
total number of divisions is 120. The ratio of the
height of the navel from the feet to the height of the
head from the navel is 73/47. The value of the ratio
is approximately equal to 1.6 and the ratio of the total
height to the height of the navel from the feet is 1.64,
approximately. Thus these two ratios are very close to

the golden ratio and they belong to the arddhadhika.



71

Thus the golden ratio which is a special case of
arddhadhika ratios 1is used for <constructing artefacts
having aesthetic values, in the traditional architecture

of Kerala.

* ok Kok ko k ok ke



Chapter V

TRAIRASIKA (THE RULE OF THREE) IN TRADITIONAL ARCHITECTURE

5.1. INTRODUCTION

The trairdsika or direct proportion was used as
an effective tool in solving problems of Astronomy,
Arithmetic, Geometry and Architecture. This method may

(32)

be traced in Bakhshali Manuscript (about lSt century
A.D.), Aryabhatiya (A.D. 499) and in all other works on
mathematics. According to Bhaskara II1 (A.D. 1511), the

Rule of Three 1is the essence of arithmetic(l7)

and it
pervades the whole of the science and calculation. The
Rule of Three 1is 1largely appreciated because of its

simplicity and its universal application to ordinary

problems.

In this chapter we explain the application of
trairdsika in determining the 1length of the side of an
octagon, sixteen gided polygon etc, and in making the
holes for collarpins (vala) on rafters. It is also used

in calculating the lengths of rafters.
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5.2. DEFINITION OF TRAIRASIKA
 me s . . . . (66) .
Trairasika is defined in Yuktibhasa as 1in the

lines given below:

"trayd rasaya: samdhrta: karanam yasya,
sardsi: karyé€é kdranopacaral
trira$irbhavati, sapray&janam

yasya tal ganitam trairdsikam"

(Yuktibhasa, Chapter 4, page 45)

Here three quantities are needed in the statement and
computation. So this rule is known as Trairasika (The
Rule of Three terms). If four gquantities are in
proportion, then any one of them may be determined by
knowing the values of other three quantities. Since
there are three known quantities, it is called
Trairasika. Similarly, there are Pancarasika,
Saptarasika, Navarasika etc, depending on the number of
known quantities used for calculating the unknown. In
trairasika, the method of calculating the unknown is

given in lines below:
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Iccham phal&na samhatya praman&na vibhdjayél

Icchdphalam bhavé&l labdhamévam trairdSikam matam!!

(Yuktibhasa, Chapter 4, Page 46)

ie; Icchaphalam is got by dividing the product of Iccha

and Pramanaphalam by Pramanpam.

ie, Icchaphalam = Iccha x Prgﬁzﬁggzilam ,
where Icchad : the desired antecedant, the 3rd term 1in
a proportion
Icch3dphalam : the desired consequent, the fourth
proportion
Pramanam : the antecedant, the first term of a

proportion
Pramanaphalam: the consequent, the second term 1in a

proportion

The above relation may be expressed as

Pram8paphalam - Icchaphalam
Pram8nam Iccha

The pram&nam and Icchad must be of the same denomination.
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If x and y are the magnitude of two quantities of the
same kind measured in the same units, the ratio x:y or
x/y may be used to compare the magnitudes. It gives the
number of times y is contained in x. Here the number
of times of pramana in pramanaphalam will be egual to
the number of times of Icchad in Icchaphalam. If the
Icchd becomes larger than Pramdnam then Icchaphalam

becomes larger than pramanaphalam and vice versa.

5.3. VYASTA-TRAIRASIKA

The inverse proportion (Inverse Rule of Three)
is called Vyasta-trairasika. According to Sridhara, the
method is to multiply the middle term by the first and
to divide by the last, in case the proportion is different

(inverse)(l7).

The inverse proportion is defined in lines below:

"Iccha vrddhauphalahrasa Icch3hrasédhikam phalam!

Yatra tatra hikarttavyam VyastatrairdSikam budhai:!!

(Yuktibhaaa(66), Chapter 4, Page 48.)

ie, when the Iccha increases than pramdnam, the

Icchaphalam decreases than the pramanaphalam and vice
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versa. This rule is known as Vyastatrairdéika (Inverse

proportion). The computation is explained as

"Vyastatraira$ikaphalamicchad bhakta: pramanaphala ghata:!"

. Prai m X Pram 1
ie, Icchaphalam - amana ramanaphalam

Iccha
or this may be expressed as,
Iccha . Pramdpaphalam
Pramdnam Icchaphalam

5.4. METHOD OF FINDING THE INCLINATION OF THE COLLARPIN
ON AN INCLINED RAFTER

Consider the rafters (lupas), collarpin (vala),
Eaves-reaper (Vvamata) on the roof of a square mapdapa.
The collarpin (vala) will be perpendicular to the sides
of straight rafters and therefore the holes on them for
collarpins will be perpendicular to the sides so that
the length of the hole is equal to the thickness of the
rafter. But in the <case of inclined rafters, the
collarpin is not perpendicular to the rafters and

correspondingly the holes on them are 1inclined at an
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angle which may be determined as in the method given

below using trairasika. [cf Figs.5(a) and 5(b)].

Fig.5(a) Fig.5(b)

Let O be the position of the Kootam on which an
end of each rafter is fixed and OA, OB, OC represent the
positions of rafters. Let ABd represents the
eaves-reaper at the lower end of the raftefs and KB C

be the collarpin (vala).

K'C' || AB and A'C' | OA, the straight rafter.
Let £ be the angle between OA and OC, the inclined rafter.

Then the inclination of the hole on OC will |©be
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proportional to the angle: [Fig.5(b)], gives an

enlargement of the rafter and the angle & on it.
From the figures above,

A OAC and APQR are similar, by the rules of
gsimilarity of two right angled triangles given in

Yuktibhéga(66).

The first rule states that the two triangles
(right angled) will be similar if there is "parallelism
between the hypotenuses and a side of each". This rule

may be proved as below.

A OAC and APQR are right angled triangles.

PR || AT

"OoR || 6T

ol = R
Further, ROC = PR and

B = Q



by AAA-theorem,

Therefore the two
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triangles

are

Since the triangles are similar,

we have

where,

Icchakgetrabhuja
Pramanaksetrabhuja

Icchaksetra

Pramd@naksgetra

. OR
le, AC

.o

equiangular and

the above two triangles are similar.

by Rule of Three,

Icchaksetraksti

Pramanakgsetrakoti

Icchaksetra Karnam

Pramanaksetra Karnam

’

desired region

given region

base of the triangle

attitude

hypotenuse

PQ

—

OA

PR
oc

PO

x AC
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PQ is the thickness of the 1inclined rafter, OA is the
length of the straight rafter and AC is the distance of
the inclined rafter from the atraight rafter. [QPR is
the angle of inclination of the hole for collarpin. Thus
the inclination of the «collarpin to the side of the

inclined rafter is determined by OR.

Note: It is to be noted that in traditional architecture
the slope 1is not expressed in terms of degrees. For
example, the pitch of a roof is not expressed in degrees
but a ratio of 'rise' and 'run' (vertical projection and
horizontal projection). Usually, the rise is expressed
as a certain number of angula per kol of run : thus, a
rise of 6 angula means that the roof rises 6 angqula for
each 24 angula that it runs horizontally. Here the pitch
is 6 to 24. In the above result QR is known as the

length of the inclination of the hole on the rafter.

5.5. DETERMINATION OF HEIGHTS OF THE ROOF FOR DIFFERENT
PITCHES

The idea of Trair&iS8ika 1is made use of 1in the

calculation of the pitch of the roof. Consider a

(18)

gabled roof of a building which is a 3-dimensional
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space-frame. The c¢ross sectlon of the roof will be in
the form of an isosceles triangle whose base is the width
of the house and the sides are the rafters on either
sides of the roof. The altitude of this triangle which
is the height of the roof from the 1level of the
wallplate, divides the (triangle 1into two right-angled
triangles. In general, the normal height of the roof
was taken to be equal tn the semi-width of the house
so that the angle of inclination of the roof with the
horizontal was 45°. But certain variations in heights
of the roof were adopted depending on the aesthetic

considerations and the materials used for <covering the

roof.

In traditional architecture the decrease in height
from the normal height was defined as ‘'aviccil' or
'amippu' (dip). It was expressed as a ratio of the

height to wunit length of the semiwidth of the house.
Multiplying this ratio by the corresponding semiwidth
we get the height of the roof for that 'aviccil'. In
this method, an elemental rightangled triangle of unit
base (1 kol) was considered for each aviccil. The height
corresponding to each width were calculated using

TrairaSika. The principle behind this is given by Gan®@sa
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(1545) (17) as "if the upright, base and hypotenuse of a
rational rightangled triangle be multiplied by any
arbitrary rational number there will be produced another
rightangled triangle with rational sides". It is implied
that when the sides of a right triangle are increased
proportionally, the ratio of the height to base remains
the same ie, the slope of the roof will be the same for

the same aviccil (dip).

In traditional system the height 1is said to be
24 angula if the roof rises 24 angula for each 24 angula
of semiwidth, and the aviccil 1is expressed as 24/24,

called ’thankﬁrmam'(7l).

The aviccil 1is named asl/4
angula, 1/2 angula, 3/4 angula etc, corresponding to the
ratios 22%/24, 21/24, 19%/24 etc. In each case the

height is diminished by 1% angula and each can be

expressed in non-recurring decimals.

In a similar way corresponding to each aviccil,
the lengths of the rafters may be determined using
trair&$ika, by knowing the length of the hypotenuse of
the elemental right angled triangle with unit base (1
kol). The accurate length of the common rafter is got

by multiplying the length of the hypotenuse by the
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semiwidth of the building and adding half the width of

the rafter to it.
5.6. SOME OTHER PROPORTIONS OF HEIGHT AND WIDTH

The height of the ridge from the level of
wallplate depends on the width of house. This is evident

from the following lines in Vastuvidya(l3).

UttarasyanurQp&na
tasam taramudiritam

(vastuvidya, Chapter 10, Verse 1.)

ie, the height 1is proportional to the semiwidth of the
house. The proportions of height to semiwidth are
defined as 1:1, 7:8, 6:7, 5:6, 4:5, 3:4, 2:3 and 1:2 [cf
Fig.5(e)]. These proportions are named as Ambaram,
viyat, Jyd&tis, Gaganam, Vih&yas, Anantam, Antariksam,

and Puskalam respectively(33).

AN ANEAN
(N DN S

Fig.5(c)
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Manusydlayacandrika stipulates the height of the
ridge equal to the semiwidth of the building. In this
case the inclination of the roof will be 45°, The
proportion 2:3 is accepted for practical purposes in
later construction of buildings where the 1inclination

of the roof is about 33%°.

5.7. DETERMINATION OF THE LENGTH OF THE SIDE OF AN OCTAGON

A given square may be transformed into an Octagon,
Sixteen sided polygon, Thirtytwo sided polygon etc, and
finally to a circle by the successive division of the
sides of the square and deleting the triangles at the
corners. The principle of traird$ika is applied in
determining the length of sides of the regular

polygons(66).

Consider a square ABCD of side a. Let the two
lines through the midpoints of the sides intersect at
0 forming 4 small squares in the given square [cf

Fig.5(d)].
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Fig.h(d)

Join O and C. Let PQ meets

AOPC is an isosceles triangle.

CR =

CP b

oC - Os =

. . Iccaphalam =

6C at R and 0S = OP
PR | OC and TS ] oC

Pramanam

Prama@naphalam

CS

Icca

CT

CP
CR

00Q.
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Mark points on each side of the square at a distance of
CT from each corner. ie, CT = C(CU. Delete 4 triangles
at the corners each equal to ACTU to form the required
octagon. TU will be a side of the octagon = a-2CT. Let

S be a point on 0T such that OP - 0OS'.

Draw a line WV | OT through S'. Then using

trairasika as above we get,

TV = TS x TS', where SL | OT.
TL

Delete trianglesat the corners of the octagon each equal
to ATVW to form a regular 16-gided polygon. Continueing
this process, we will reach a position when the polygon
approximately becomes a «circle. The idea of 1limit 1is

implied in this process.

5.8.1. DETERMINATION OF LENGTH OF RAFTERS USING TRAIRASIKA

The idea of Traira8ika is used in determining the
lengths of rafters, In VAstus3dstras, there are many
methods defined for finding the lengths of rafters. The
process may be different in each method due to many facts

such as tradition, regional difference etc, but the
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result will be the same. These methods and rules are
evolved through years of continuous practice and
evaluation. Tedious computational process was a

hindrance to the traditional architects and so they
formulated simple and easy methods for finding the

measurements of various elements of building.

The traditional architects of Kerala have
developed some practical methods for finding the lengths
of rafters. They defined suitable 'scales' (proportional
units) and named as Pramapas (Postulates) in terms of

the scales which are used for finding the true lengths

of rafters. The Postulates (Pramépas) are known as Bth

4th Postulate (NZ1lam

(33)

Postulate (Ettam Pramanam),

th

Pramanam), 6 Postulate (Aram Pramapam) etc.

5.8.2. BTH POSTULATE (ETTAM PRAMANAM) AND LENGTH OF RAFTERS

In this method the requirements are a wooden
board, an axe and a measuring rod. This wooden board
is named as measurement board (Pramanappalaka).
Construct a right angled triangle OAB on this board in
such a way that the proportionale scale is 1 kol (72 cm)
= 3 angula (9 cm) or 8 angula = 1 angula (3 cm). OA is

called the bhuja and OB is called the koti. {[cf Fig.5(e)]
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0 Bhuja Z

Fig.5(e)

Let x angula be the width of the house. Mark a point

1 X X

A on the bhuja such that OA = B 3 angula = 1 ¥ 3 cms.
Let y angula be the height of the roof support. Put a
mark at B on the koti such that OB = -%— Xx 3 cms. Let

z angula be the eaves projection (kazhukkol chattam).

X 3 cms.

®|w

Mark another point C on the bhuja such that AC =
Draw a line parallel to koti through C. Join the points
B and A and produce it to meet the parallel through C

at A'. Then BA' is the 1,/8%th

of the length of the st.
rafter ie, 8BA' gives the length of straight rafter from
the ridge to the tip of the eavesprojection. 8BA

represent the length of the rafter from the ridge to the
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notch on the wallplate for fixing the rafter on it.

Since the scale is taken as B8:1, this method 1is known

th

as 8 Postulate in Kerala.

The advantage of this method is that the space
used for drawing the figure is diminished to 1/8th of
the usual method. But calculations and figures are
different for different situations. This problem is

solved in the 4th Postulate (Ndlam PramAnam).
5.8.3. 4TH POSTULATE (NALAM PRAMANAM)

Here the requirement is a small rectangled wooden
board which is known as 'Mattappalaka' or simply
'Mattam'. This is used as a key instrument for measuring

and marking several minute elements of a building [cf

Fig.5(f)]. .. e .

.
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Consider a right angled triangle with base (bhuja)
4 angula (12 cm) and altitude (koti) 2% angulam (7.5 cm)
on this board. The length of the hypotenuse is defined
as the 'scale' or unit of measurement in this method.
The true length of the straight rafter (common rafter)
from ridge to the outer edye of the wallplate is got by
taking 6 times of this 'scale' per 1 kol (72 cm) of the

semiwidth of the house.

For an illustration, let 2x kol be the width of
the house and 1 be the ‘'scale' (unit of measurement).
Then the length of the straight rafter is 6xl. By giving
different values for x, we get the corresponding lengths
of the rafters from the above formula, provided the
height remains the same. One of the features of this
method is that the 'scale' wused in this method is
independent of the width of the house and may be used
for all widths having the same height. Even though this
method is not given on any pages of V3stusdstra texts,
this was used by the traditional architects and the idea
was transmitted from generation to generation through

teacher-student relationship and verbal teachings.
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(7.5 cm)

By an extension of this method, the length of the
hiprafter may be calculated. For this, consider the
diagonal of a square with side 4 angula (12 cm) and mark
this length on the bhuja at D. Then BD will be the
'scale' for calculating the length of the hiprafter from

ridge to the outer edge of the wallplate [cf.Fig.5(g)].

If we have to increase or decrease the pitch of
the rafters, then the length OB is to be increased or
decreased accordingly. Thus this was a universal method

formulated by the traditional architects of Kerala.
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In all these methods the principle of trair&%ika
is applied. Further it is convenient to have the width
of the house in multiples or submultiples of pada (8

-angula) units.

* kA k ok ok kK kKX



Chapter VI

GEOMETRICAL CONSTRUCTIONS AND RELATED MATHEMATICAL CONCEPTS

6.1. INTRODUCTION

The plan shape, determined by a bounding
perimeter (paryanta sltra), 1is known as the mapgala.
In the traditional architecture of Kerala seven
geometrical shapes are defined for mandala which are

given in the following lines.

"Vrttam vrttdyatamapydyata caturam ca samacaturam
ezhunt3krti sadan@ sadastakon hastiprstha mennittham".

(Balaramam, page 66)

The plan shapes are circle, elongated circle, rectangle,
square, hexagon, octagon and gajaprstham (apsidal).
Usually triangular shape 13 not accepted for buildings
of domestic purposes. Most of these shapes are used
in vedic period for constructing different types of

yajna-vedis and mantra-yantras.

In this chapter we illustrate the method of

construction of these shapes and their architectural
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values implied 1in vistu’sastras. The constructions of
a triangle, rectangle, hexagon, octagon and circle each
of which having the same perimeter of a given square
and deduction of mathematical values assumed in them
are explained in detail. The geometrical method of
determining the 1lengths of rafters are also included

in this chapter.

6.2.1. SQUARE

The square is literally the fundamental form of

Indian architecture. The form of a Vastupurusamandala
is a square. Earth 1is symbolically represented by
square and it is known as the Brahmamandala. The square

mapdala has the highest efficiency of space enclosure
when compared to other quadrilaterals. It can be
converted into a circle, triangle, hexagon, octagon and
a rectangle. The method of construction of a square

(15)

is given in Tantrasamuccaya A rectangle may be

obtained from a square by elongation (ayamam) and

regular polygons of 8 &sides, 16 sides etc, are derived

from the square.
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6.2.2. CONSTRUCTION OF A SQUARE

The method of construction is given below:

Prdgagram sdtramurvya mrjitara mabhikalpydsya
milagragabhyam

sitrdbhyam matsyayugmam yamasasiharitd: kalpayi
tva trafsitram

krtva diksvankayitva samamiha vihitai ssiitra kai:
konamatsyan

krtva Jﬁsphalyaiau sutram racayatu caturasram pura:
ksetraknuptau

(Tantrasamuccaya, patalam 12, slokam 23)

To construct a aquare, draw a line segment in
the plane of the earth in the East-West direction with

the help of a rope (about 1 kol in length) [cf Fig.6(a)].
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Then draw two circles with their centres at the
extremities of the line segment and radii equal to 3/4th
of the 1length of the 1line segment. The intersection
of the circles will be in the shape of a fish (fish like
line) and the 1line through the points of intersection
of the circles will determine the North-South direction.
Draw four equal <circles with their centres on four
directed 1line segmenta at a fixed distance from the
point of intersection of the two lines. Join the points
of intersection of the circles (tips of fish like lines)

to get the required square.

6.3. CONSTRUCTION OF A RECTANGLE WHOSE PERIMETER EQUAL

TO THAT OF A SQUARE'5®)

Consider a sguare of the given perimeter. Divide
the square into 64 cells (pada) (8 x 8 grids). Delete
a row of cells along a pair of opposite sides of the
square. A column of equal aqguare cells is adjoint to
the other two sides of the square. Then the resulting
figure will be a rectangle whose perimeter is equal to
that of the square and whose sides will be in the ratio

3:5 [cf Fig.6(b)].
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D' c'

Al B!
Fig.6(b)

ABCD is a square of 8 x 8 (pada) space module and
A'B'C'D' is a rectangle of 10 pada x 6 pada module. The
perimeter of the square is equal to 4 x 8 units and the
perimeter of the rectangle is (10 + 6)2 unit, ie. 32
units. Hence the perimeters are equal where as the
(areas are different. This principle is made use of in

.the construction of N&tyamandapa.
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6.4.1. CIRCLE

A circle may be defined as the locus of a point
which moves such that its distance from a fixed point
always remains a constant. It was considered the most
perfect shape in VAatus3stra. In Tantrasamuccaya(ls)
a method of drawing a circle 1is given (explained in

Chapter I1I). Square and circle are coordinated in

architecture from the vedic period.

6.4.2. CONSTRUCTION OF A CIRCLE WHOSE PERIMETER IS
EQUAL TO (APPROXIMATELY) THAT OF A GIVEN SQUARE

The method is given in the following lines.

Karnnarddha slitrasya bhujarddhatoti
riktamsakdrddham bahi rankayitvya
madyastha sltram parivarttya kundam
kurvita candadyuti mandalabham

5)

1
(Tantrasamuccaya( , patalam 12, sloka 29)

This rule states that take the half of the
difference between the semidiagonal and semiside of the

given square. Add this quantity to half the 1length of



99

the side. Then draw a circle with this length as radius
and centre at the centre of the square. This will give

the required circle.

D~ a ~_ ¢

Fig.6(c)

Let a be the length of the side of a square ABCD.
Let the diagonals AC and BD intersect at O, which is
the centre of the square. Take a point P on OD such
that OP = a/2, half of the 1length of the side of the
square. Let Q be the midpoint of PD. Draw a circle
with centre at O and radius equal to 0Q. Then this will
be the required circle whose perimeter is

(approximately) equal to that of the square [cf Fig.6(c)].
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Since a is the length of the side of the square,

J2a
oD = N
. a 1,/2a a
e« . I = 3 + 5(~5— - 5)
a a
= =+ = -
5+ 7(/2 - 1)
_ (1 + [2)a
B 4
When a = 4, the perimeter of the square is 16 units and

the perimeter of the circle is 2%(1 + J2).

Another method is stated for circling the square
of the same perimeter. According to this method we have
to add a quarter of the half length of the side of the
square to the half length of the side, ie, add 1/8th
of the side length to half of the side 1length. This

will give the radius of the circle.

ie, radius of the circle is

(SR
+
o

a a
2“(5 + g)

.". perimeter of the circle

w
N
[V
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If we take the value of 9 as 3.14, the perimeter of the

circle, in the first case, will be

2 x 3.14 x a(/2 + 1)
— ?

29r 2

where a is the side of the square.

When a = 4,

Perimeter, C 2 x 3.14(/2 + 1)

15.16126 units

But the perimeter of the square is 16 units. Similarly
in the second case perimeter of the circle is 15.7 when

§ is 3.14.

Thus in both the cases the value of 9 was assumed

to be greater than 3.14.

Further it may be seen that the perimeter of the
circle will be approximately equal to that of the square

if we take the radius of the circle as

_ a,2/2a _a
r = 327 3'73 2
ie r = §+§(J‘2—1)

3a + 2/2a - 2a
6
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a a(2/§ + 1)
- 6
.'. Perimeter, C = 29r
_ 2‘"[a(z/i + l)]
When a = 4,
C = 4%(2/5 + 1)
If C = 16 units

= the perimeter of the square, then

qa = 16 x 3
- 40272 + 1)

12
B 272 + 1

= 3.13445 (approximately),

vhich is very close to the value of 9 and the perimeter
is 16.000017, approximately equal to the perimeter of

the square.
6.5.1. GAJAPRSTHA AND VRTTAYATA
E There are two shapes which are unique in Indian

larchitecture. They are gajaprstha (apsidal) and

vrttaydta (elongated circle) or Ayatavrtta shapes. The
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The apsidal shape, resembling the rear side of an
elephant, is a combination of a sguare and a semicircle.
The vrttayata shape consists of a square with two
semicircles at the ends. Generally these two shapes
are used for temple <construction. The method and

measurements of constructing gajaprstha and vrttayata

mandalas are given in Tantrasamuccaya(ls) and Kuzhikkat
Pacca(47). Vrttiaydta is sometimes called by the name
Dirghavrtta. The method of construction of gajaprstha

shape is explained in chapter III.

6.5.2. METHOD OF CONSTRUCTION OF DIRGHAVRTTA
(ELONGATED CIRCLE)

The method of <construction of Dirghavrtta is

explained in the verse below:

bhagadvay& dviradaprstha samuktanitya
vrttikrté, tadubhay&ntarabhagadairghyam
swéddhmamsatd virahit&na gupam$akeéna
vrttayat® vitanuydt suravaryadhigfiyé

(Tantrasamuccaya(l5% patalam 2, sloka 68)

Construct semicircles at the front and rear side with

radius equal to 2 parts as described in the case of
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Gajaprstha shape. Then divide the 1length of 3 parts
into 21 divisions and delete one division from it. The
remaining length will be the length of the middle 1line

segment (lateral sides) joining the two semicircles on

either sides [cf Fig.6(d)}].

Divide the desired perimeter into 64 egual parts.
Then the semicircles are determined with diameter equal
to the length of 14 parts and the lateral sides of the

rectangular portion in between the semicircles are

defined by 10 parts.

r 1 o
! \
= t
; l
| !
d! 3
]

! :
' :
l :
1 |

Fig.6(d)

After dividing the perimeter into 64 parts, delete
one part from it. Then divide the remaining length into

18 divisions and 1length of each division will be 3%



parts (of the former di

. . radius of the

. . diameter

The length of the

Thus the perimeter of
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vision).

semicircle = 2 divisions
= 7 parts
= 14 parts
late;al = 3 divisions
side
3 divisions
12
) 10%
= 10% parts - parts

2

10 parts

the elongated circle is equal to

the sum of the perimeters of two semicircles

lateral lengths of the

ie, Perimeter

If the perimeter

64

Here the value of

rectangular portion.

= 9 x 14 + 2 x 10 parts

is 64 units, then

= 14 x g% + 20

= 64 units which is true.

9 is implied to be 22/7.

and two
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6.5.3. DETERMINATION OF THE PERIMETER OF THE DTRGHAVRTTA

Let P be the perimeter of the elongated circle.

Then P

and d

From above

the width=

and

=) Q
|

p

2 x perimeter of the semicircle + 2 x length

of the lateral side of the rectangular portion

2 x fr + 2 1, r, the radius of the semicircle

94 + 2 1, d, the diameter of the circle

width between the lateral sides

Q

G\"U
TN

it
=Y

—
(@)

d x 10
14

- I
1.4

. . Perimeter,

d + 2 —



When d = the diameter

P may be calculated.

If P = 64,
then P = 14(7 + =%=)
en = 0.7
. 64 1
o o TZ - 1T + ‘6‘:"‘7
64 1  _
-7 = T
2.2 -
=7 = T
. 22
=7
2
When ¥ = 7%’
22 1
P = d(-7~ + ﬁ)
32
= 5 d
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of

Thus the perimeter of

determined when the

width

rectangular portion is known.

Note: In some texts

it

the

semicircle

the elongated

(max.

width)

is known,

circle

of

is

the

is seen that the length of the

rectangular portion is

the semicircle.

taken

as

the

radius

of
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6.6.1. TRIANGLE

A triangle appears to be a mystic shape in tantric
rites and architectural ornamentations, but not much used
as grha-vastumandala. The inscription of triangles in
a 'Sricakram' is an example for this. Bharata Muni in
his 'Natyasastra' describes triangle as a suitable shape
for the construction of '*Natyagrha' (Kithampalam).
Throughout history the commonest covering of the building
is the trussed roof, constructed upon a frame composed
of triangular sections spaced crosswise at intervals and
made rigid in 1length by beams. The truss 1is based on
the geometric principle that a triangle is the only
figure that cannot be changed in shape without a change
in the length of its sides. Thus a triangular frame of
strong pieces firmly fastened at the angles cannot be
deformed by its own load or by external forces such as
the pressure of strong wind or rain. This principle is
made use of in the construction of Malabar gable - a
triangular projection at the top extremities of tiled
or thatched roofs. It is the characteristic feature of
.Kerala style of architecture which is noted for its
%emﬁy and utilitarian simplicity.

|

The higher derivatives of triangles reqular
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polygons of 6 sides, 12 sides etc, were rarely used

except for ornamental works and temples.

6.6.2. CONSTRUCTION OF A TRIANGLE WHOSE PERIMETER IS
EQUAL TO THAT OF A GIVEN SQUARE

The method is described in the following lines.

sagthamsakam yamahimamsudi&d: praticya
sitré suySjya haridigbahirankayitva
t&naiva tésu suvidhaya ca sdtrapatam
kuryattrikopaparimapdita vahnikundam

{Tantrasamuccaya, patalam 12, sloka 28)

Divide the length of the side of the square into
6 egqual parts. Extend the western side of the square
by adding one part each to the Southern and Northern
ends. Put a mark on the exterior side of the square at
a distance of 1/6th of the 1length of the side of the
square from the Eastern side. Draw lines 3joining this
mark and the ends of the Western side. The resulting

itriangle will be the required one.
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Let ABCD be the given square with side a. Divide
the length a into 6 equal parts and add one part each

to either end of the side AB.

o
Npe oo v ccws ---v-----—-> o
a

Fig.6(e)

Let PD be the extended side and R be the point

th

at a distance of 1/6 of AB from CD. Join PR and OR.

Then PQR is the required triangle [cf Fig.6(e)].

From Fig.,



.. Perimeter of

When a

But the perimeter of the square when a
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- 4a
=73
RS = a+:
- Ia
- 6
2a 7a
2 - ZZY2 =
PR = (3) +(6
_ 4a? | 49a?
= 9 * 35
= 65a?
36
_ 2/65 a 4a
APQR = =222 4 X
. J85 a + 4a
= 3
_ 2 (8.062 +
= 3
_12.062 x a
= 3

4.02 x a cm

6 cm, Perimeter

Hence the perimeter of the triangle

of the square by

.02 x a units.

4)

4.02 x 6 24.12

cm.

6 cm is 24 cn.

is greater than that
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6.7. CONSTRUCTION OF A HEXAGON WHOSE PERIMETER IS EQUAL
TO THAT OF A GIVEN SQUARE

This method is given in the verse below.

ankau prakalpya haripancamadikpadikthau
sagthamsatd bahi ratd nijamaddhyatasca
dvau dvau jhasau paradisdrapi matsyacihna-
satsitrakairvviracay@ drasakdnakundam
(Tantrasamuccaya + patalam 12, sloka 30)
Draw a 1line in the East-West direction through
the middle points of the side and take two points on this

line on either side at a distance of 1/6th

of the length
of the side. Draw three equal circles with their centres
at the extremities of this central line segment and at
its mid point and radius equal to the semilength of this
line segment. Join the points of intersection of these
circles (two fish like lines) and the end points of the

line segment successively to form the required hexagon

[cf Fig.6(f)].

Instead of taking the East-West line we can take
the South-North 1line and proceeding in the same method

we get the required hexagon.
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RN/

Fig.6(f)

Let ABCD be the square and R and U be points on
the line through the midpoints of AD and BC. Let P,Q,S
and T be the points of intersection of the circles. The

PQRSTU is the required hexagon.

Let a be the length of the side.

Length of OUR = a + 2.%
_ 4a
B 3

. . radius of 2a

the circle 3
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! AOPQ 1is an eguilateral triangle, since the sides

re radii of equal circles.

! . . the side of the hexagon = the radius of
the circle

1]

|
>
[¢)}

. . perimeter of the hexagon 3
= 4a’

which is the same as the perimeter of the square.

6.8. CONSTRUCTION OF pAN OCTAGON WHOSE PERIMETER IS
(APPROXIMATELY) EQUAL TO A GIVEN SQUARE

The method of <constructing an octagon is given

in the following lines.

ksgdtr& tatra samantat® dinakaram$am nyasya turyasritd
k5n&bhyd bhujasiitrak&su nihitai: svai: karnnpasidtriarddhakai:

dvau dvau diksu jhasan prakalpya makar&svasphalitai
ragtabhi:
sdtrai riswaradifimukh@ viracay& dagtdSrakundam sudhi:

(15)

(Tantrasamuccaya  patalam 12, sloka 32)
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‘ie, construct another square circumscribing the given
square by extending each side by 1/12th of the 1length
of the side of the given square. Put two marks on its
each side by drawing circles with centre at the corners
and radius equal to half the 1length of its diagonal .

Form two fish 1like lines (intersecting circles) on each
side by drawing 8 circles with centres at these points

and Jjoin these points successively to get the required

octagon [cf Fig.6(qg)].

Dl *, Cl
D \
_— TAS
~ N ~deder
/ pd
A d B
Al Q . BI

Fig.6(qg)
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Let ABCD be the given square and A'B'C'D' be the
circumscribing square. A'C' is the 1length of the
diagonal and OA' is the half the length of the diagonal.
Let the circles with centres at A',B',C' and D' and
radius OA' cuts the sides at P,Q,R,S,T,U,V and W. The
circle with centre at P and radius PR passes through R
and V. Similarly, by drawing circles with centres at
the other seven points will give 8 points of intersection of
circles (four fish 1like 1lines). Joining these points

successively we get the required octagon.

Let the length of the side of the square ABCD be
a. Then length of the side of the sguare A'B'C'D' will

be

A5 - av2 L
= Ta
6
.'. Length of the diagonal A'C' = /5.% a
. oA = ﬁ,l_;a
PQ = Length of the side of the _ A'B' - 2A'P

Octagon
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AP = OB’
= A'B' - PB'
= A'B' - OA'

_7a 7 a
-6 2 12

7_a(2 - [2)
12

7a(0.586)
6

. « 2A'P

1

7a _ Za(0.586)
6 6

7a(0.414)
6

1]
o)

when a cm,

x 6(0.414)

IR

PQ =

™

.. Perimeter of the octagon= x 7(0.414)

= 23.184 cm

But the perimeter of the square is 24 cm.

perimeter of the octagon is less than the

the square.

Hence the

perimeter of
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6.9. THE METHOD OF INSCRIBING AN OCTAGON (ETTU PATTAM)
IN A GIVEN SQUARE

The method is described in the following lines.

yasya vistaramarkkdmSam
badnamSam pattam&va cCa
saptamé&na dvibhagattu
karttavyam kdSpabhagikam

(Balaramam, page 59)

Divide the side of the square into 12 equal parts.
Retain five parts in the middle and delete 3% parts on
either end of the sides of the square to get the required

octagon [cf Fig.6(h)].

S E B R
H\\\\\\\ C
Po3y A 5 éo

Fig.6(h)



119

Let PQRS be the given square of side a. Divide

each side into 12 equal parts. AB is the middle portion

of PQ having a length %%. PA = BQ = 3% parts each.
Similarly we get CD, EF, and GH on each side of length
%%. Draw line segments BC, DE, FG and HA to get the

octagon ABCDEFGH inscribed in the square.

Let the 1length of the side be 12 units. Then

AB = 5 units. From triangle BQC, we get,

BQ? + CQ2 =  BC?
3.5%2 + 3.5%2 = BC?
12.25 + 12.25 = BC?
.. BC = /J24.5

4.949, approximately

Or from the right angle triangle BQC,

. B 3.5
Sin 45 = BC
1 . 3:3
/3 - BC
.. BC = 3.5 x J2

= 4.949, approximately.
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This value of BC 1is very close to 5. For practical

purposes the above value is acceptable.
6.10. METHOD OF CONSTRUCTION OF 'SRICAKRA' (OR SRIYANTRA)

From the mathematical point of view, Sricakra
is an ancient geometrical portrayal consisting of a
bindu, angles formed by the intersections of triangles,
8 and 16 petalled lotus, circles and squares (bhiipura).
The method of construction of 'Sricakra' 1is explained

(16)

in Tantrasamuccaya (Silpabhagam) in three verses.

The first verse describes the method of drawing lines

for bhupura (squares), circles and the required number
of petals of lotus. The rule is stated in the verse
below.

gsagnavatyamgulayamam sitram prdkpratyagayatam
caturbhiramgulai: $istai: suvrttani ca bhiipuram
antarnavangulam proktam maddhy& patram, tu sddasa
&kaddasamguldpé&tamastapatram vidhiyate.

(Tantrasamuccaya (Silpabhagam), Annexure I(F), sloka 1)

This means that draw a 1line of length 96 angula

(about 288 cms) in the East-West direction on a plane
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where the Sricakra is to be constructed. Draw three
squares for bhipura through the ends of the 1line and
three circles inside the square with the diameter of
the outermost circle is equal to 46 angula. The squares
and circles must be within a width of 4 angula (1 angula
= 3 cm). Then 16 petals of width 9 angula and 8 petals
of width 11 angula are to be constructed inside the

circle.

The next verse describes the method of drawing
the angles at the middle portion. The 'Katapayadi'
system is wused in representing the numbers in this

verse. The verse is given below(lGL

vyasé 'de, vi' krteé ta, tta, ma, la, la, vi, ga, té&, ca,
sa, bhagé 'jha' sdtran

krtva ‘'pa, ri, da, la, 'nt& ga, va, va, la, mubhayd
'rvvda', ta 'y6 stdya bhagan
'dhanyam' %&a 'nm&' pravrjya grathayatu varund s&di

sitradvayani

prakpdtam' r&,dhi' ganam vidi matha dhuginam divya sinum
ciram prak

The diameter (remaining part of East-West line)
of the circle inside the 8 petals is divided into 48

parts. Draw 9 lines in the North-South direction
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(perpendicular to the East-West line) cutting the East-
West 1line at widths of 6 parts, 6 parts, 5 parts, 3
parts, 3 parts, 4 parts, 3 parts, 6 parts, 6 parts and
6 parts in order from the west side. Delete segments
of lines of length 3 parts at both the ends of 15t and
th .. nd
9 lines, and remove 4 parts from both the ends of 2

and Bth lines. Remove 16 parts each from both the ends

of 4th and 6th lines and delete 19 parts at the ends of

sth line.

st

To form the angles, Jjoin the ends of 1 line
segment to the midpoint of Gth line from the west.
Similarly, Jjoin the ends of 2nd line to the midpoint

th . . rd . .
of 9 line. Join the ends of 3 line to the point

on the circle when the East-West line meets the circle
.. th . . . th

and join the ends of 4 line to the midpoint of 8

line and the ends of Sth line are joined to the midpoint

th

of 7 line.

From the other side 3join the ends of 9th line

. . rd . th .
to the midpoint of 3 line. The ends of 8 line are
joined to the midpoint of 18t line and the ends of 7th

line are joined to the point of intersection of the East-

West line with the circle. The ends of 6th line are
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SRICAKRAM

.. -, Bhopura trai(3 sguares)

Vrttatrai (3 circles)
Sodasadala (16 petals)

. Asgtadala (8 petals)
42 Angles

.-+« Bindu
-+ » Triangle
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joined to the mid point of 2nd line. Then the East-West
line 1is rubbed off. Then we get the angles at the

middle of the Sricakra [cf Fig.6(i)].

The resulting Sricakra consists of the following

elements as given in the third verse(le).

bindu, trikdpa, vasukdna, dasarayugmam
manvasra, ndgadala, g$&daka, karnnik&ram
vrttatrayam ca, dharani valayatrayam ca

Sricakram&taduditam paradé&vataya:

The cakra consists of a point at the centre which
is inscribed in a triangle. This triangle is surrounded
by 8 angles, 10 angles, 10 angles and 14 angles in
order. Then there are 8 petalled and 16 petalled lotus.
All these are enclosed in vrttatria and in the three
squares (bhipura) . This is known as the

bhiiprastaracakra.

Sricakra in the three dimensional form is called

Mérucakra.
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6.11. TO FIND THE LENGTH OF THE DIAGONAL OF A SQUARE
WITHOUT USING PYTHAGORAS THEOREM

The method is given in the following lines.

Yasya vistaram slryamSam
pancamSam yuktam&vaca
tasya yfdgamsatdssitram
karnpamdnam vidhiyate

(Balaramam, page 56)

Divide the length of the side of the square into
12 parts. Add the length of 5 parts to the length of
the side of the square which give the 1length of the

diagonal of the square (approximately) [cf Fig.6(j)].

Fig.6(j)
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Let a be the length of the side of the square

ABCD. By this method, the diagonal of this square is

given by a + ?% = %%;a When a = 12 cm, the 1length of
the diagonal is 17 cm. By using Pythagoras theorenm,
the length of the diagonal is /2 a = /2 x 12 ie,
d = 16.9705 cm. The difference between the two values

is very small.

By the above method the length of the diagonal is

a + > = 12 + .416 x 12,

[+

l

=
N

(when a = 12
= 12 + 4.999

= 16.999, nearly.

Hence the difference between the two values 1is

nearly .029 which is very small for practical purposes.

7 a,
Further, if f2a = i— a
12
17
then /5 = 13
= 1.4106,

which is a very good approximation of the value of the

irrational number J2.
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6.12. CONSTRUCTION OF LAMBA AND VITANA (VERTICAL AND
HORIZONTAL DIRECTION)

Let PQ and OR represent the dhwaja sidtra
(kotinil) on the rafter and the wallplate respectively.
Consider a rectangular wooden board ABCD whose width
AB is 5/9 the width of the rafter, ie, equal to the
width of the rafter above the dhwaja sutra. This board,
known as 'mattam', is placed along the dhwaja sutra with

its long side coinciding with it ([cf Fig.6(k)ﬁ?3)

Fig.6(k)

It is pushed upward until its vertex B just
touches the wallplate at B. Put a mark Q' on the upper

edge of the mattam where it meets the point of
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intersection of the dhwaja silitra and wallplate.

Let I be the point on the dhwaja siitra at which
the lamba and vitana are to be determined. The 'mattam'
is placed along the dhwaja sutra in such a way that its

vertex B is at I and its upper edge coincides with the

Pitch line. --. ° - --Plumb line (Lamba)

(Kotinool)
.~Horizontal line
(Xitana rekha)

Seat cut - - - - *
(bird's mouth)

.2
Bird's lips ---

Straight rafter (Common rafter)

Fig.6(1)
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upper edge of the rafter. Put a mark at E on the edge
of the rafter when the point Q' on the mattam coincides
with the rafter. Join EI and produce it to meet the
lower edge of the rafter at F. Then EF will be the
horizontal 1line (vitanam) and the 1line perpendicular
to this line is the lamba (perpendicular 1lline) through

I (cf Fig.6(1)].

Thus the horizontal line (vitanam) and vertical
line (tukku) are drawn with the help of a mattam and
an axe, The simplicity of this method 1is that

mathematical computations are completely avoided.

However, the 1length that 1is to be cut off from
the lower edge of the rafter in order to fix it with
the ridge may be calculated from the above figure. Let
XZ represent the plumbcut and &£ be the inclination of
the rafter with the wallplate YZ in the 1length to be
cut off from the lower edge of the rafter. It can be
seen that wxz =4« and A XYZ is a right angled

triangle.
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tan

<
N
Il

XY tan

XY is the width of the rafter and ifd = 45°, then,

YZ = XY
In Manugydlayacandrika, the inclination is stipulated
as 45°.
6.13. GEOMETRICAL METHOD OF FINDING THE LENGTH OF
RAFTERS
The method given 1in Manusyalayacandrika(54) is

explained below. Consider a square with side equal to
half the breadth of the house on a smooth plane or
ground. Let the horizontal side of the square represent
upper side of the cittuttaram and the vertical side be
the koti. Draw three lines parallel to the base of the
square representing the 1lower sides of <cittuttaram,
wallplate and eaves one below the other in order. If
the house is a square one, the roof will be in pyramidal
shape. Now determine the number of rafters and gaps

between them on one side of the roof and mark their
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positions on the wallplate in such a way that a gap
occurs exactly at the centre of the wallplate. The
number of gaps (panti) will be one less than twice the
number of rafters. Hence they will be in odd number
and the number of rafters will be in even number. Since
there is no rafter perpendicular to the wallplate, all
the rafters will be 1inclined rafters on each side

together with the four hiprafters.

p 1
l
|
|
I
|
|
|
|
}
i
A N
d \ \ '
¢ \ \ \\g
0 \_ \ 0 N .
S R Q s' R Q'
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To find the 1length of the inclined rafters the

procedure is given in the following lines.

Iti vikrtilupanam pafikti makalpyatattal-
sthitiniyamakrtdnkd yattadakranta karpnpam
niyata krtalup&lamb3dath3kitaparsvam
bhavatipathagamiIsam dirghamdnam lupandm

(Manusyalayacandrika, chapter 6, sloka 19)

After fixing the positions of the rafters, the
marks on the wallplate are joined to the upper end of
the koti and produce them to meet the lower tip of the
roof - the line representing the lower tip of the roof
as in the above figure [cf Fig.6(m)]. Construct
rectangles with these lines as bases and koti as the
other side. The diagonals of these rectangles will give
the lengths of the inclined rafters. If the height of
the roof is less or greater than half the width of the
house, then the koti of the above rectangles must be
decreased or increased accordingly.

In the above figure BB', C€C' and O00' represent
the lower 1levels of cittuttara, wallplate and eaves.

Q; R and S are the positions of rafters. Then PQ', PR'
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and PS' are the lengths of corresponding rafters.

In this method there are two systems of right
angled triangles, one on the horizontal plane and the
other on a vertical plane. In the above figure A OPQ
is on a horizontal plane. PQ is the hypotenuse of the
AOPQ, which is the base of right angled triangle in
the vertical plane whose hypotenuse is the 1length of
the inclined rafter. In the same manner we can find
the length of the common rafter. The diagonal of the
rectangle whose base is OP and AP as the vertical side

will give the length of these rafters.

6.14. GEOMETICAL METHOD OF DETERMINING THE WIDTH OF A
RAFTER

In general, there are two types of rafters,
namely, straight rafter (or common rafter) and inclined
rafter. The width of the rafter is proportional to the
width of the wallplate (uttara). In the case of common
rafter (Nermancu) the width is taken to be equal to that
of the wallplate. This may be diminished or increased
by 1/8, 1/7, 1/6, 1/5, 1/4 or 1/3 of the width of the

wallplate. There are practices of selecting the width
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of the rafter as 1%, l% or 2 times of the width of the
wallplate. Its thickness may vary from one angula to

6 angula.

In the case of inclined rafter, the method of
finding the width is explained in Manusyalayacandrika

as given below. [ cf Fig.6(n)]

Consider a square PQRS with side equal to the
width of the common rafter. PQ is the bhuja, P3 is the

koti and @S is a diagonal of the square. Let T be a
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point on PQ such that

PT

1]

% 0S, the length of the diagonal.

Then TS will be the width of the hip rafter.
Put marks on PT representing the positions of other
inclined rafters. Then the length of 1line segments
joining these points to S will give the widths of

corresponding inclined rafters.

Let the width of the common rafter be a.

ie, PQ PS

Then PT

]
™
0O
n

. . Width TS

JPT? + PS2
J(_E)z + a2
J2

1]
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]
w
]

[

i
!
oV

This is the width of the hiprafter and the widths

of others are determined accordingly.

But another version of the Manusyalayacandrika

states that the width of the hiprafter is the same as

the diagonal of the sguare.

Qs

ie, width of the hiprafter

/2 a

Thus the width is determined in two ways.

Evidently this value is greater than the previous one.

*k kkkkkkkkkk



APPENDIX

ENGLISH TRANSLATION AND

SANSKRIT TEXT OF MANUSYALAYACANDRIKA



MANUSYALAYACANDRIKA

(English Translation)

Chapter I

In Rajarajamangalam temple, two divine powers in
the forms of Srikrisna and Narasimha glistens eternally

in unison.

May the divine powers glistening enormously in
temples at Trkkandiyur, Trprangode, Tirunava,
Mallivihara, Alathiyur, and Srikeralapuram, shine

unitedly in my mind.

The author prays for the blessings of the Supreme

power.

Gan&sa, the refuge of all good ©people, the

recipient of extreme 1love of Nilakantha and son of



MANUSYALAYACANDRIKA

(English Translation)

Chapter 1

In Rajarajamangalam temple, two divine powers in
the forms of Srikrisna and Narasimha glistens eternally

in unison.

May the divine powers glistening enormously in
temples at Trkkandiyur, Trprangode, Tirunava,
Mallivihara, Alathiyur, and Srikeralapuram, shine

unitedly in my mind.

The author prays for the blessings of the Supreme

power.

Ganésa, the refuge of all good |©people, the

recipient of extreme love of Nilakantha and son of
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Parvathi, the giver of all wishes of his devotees,
respected by all and having abode at the great Srimangala

temple, shines prosperously.

One who takes refuge only in the padakamala (lotus-
foot) of that Ganesa and is inspired by the immense
blessings of his great teacher (guru) in learning various
subjects, becomes active with self-determination for

educating the pupils.

The author begins to write this text for the use

of the disciples.

I always prostrate before the pad-kamalas (lotus-
foot) of those brahmanas whose intellect indulgent in
srutis can describe the body of even ParaméSwara (Lord

Siva) in imagination.
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After saluting the Brahma, the Adipurusa,
(firstborn man) who 1is spontaneously ingenious in all
types of architecture this '‘Manusyalayacandrika'’ is

written by me for the use of those of lesser intelligent.

7
Two Mayamatas, Praydgamanjeri and two
Bhaskariyams, Manumatam, Gurudévapadhati, Srihariyajanam

and such other famous texts (sdstras) prosper.

After seeing the two texts of Markandéya,
Ratnavalisdras of Pard&%ara and Mur3ri, Matas (opinions)
of KaSyapa and Viswakarma, Kumaragama, Harisamhita
(Vishnu Samhita) with explanations, Vastuvidya and
various other texts I summarise here briefly (this text

on Vastus&stra) as given in Tantrasamuccaya.

9

Firstly, one who belongs to Brahmana or other

castes and desires to construct a house must adopt a
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local brahmana (Acdrya) of all noble qualities. He
determines the bhimi suitable to one's caste and then
performs vastuplja (offerings) and such others on this
bhami . After this the house is to be constructed by very
eminent artisans (6ilpins) as stipulated in the

vadstusastras.

10

These brahmanas (Acharyas) after considering the
saying in Védas, Agamas etc, prescribe the rules for
constructing houses and temples. It is the duty of the
craftsmen to mix or Jjoin earth, stone etc, in all the

buildings under the advice of these Acharyas.

11

Depending on the nature of the work the artisans
(silpins) are classified into four categories, namely,
Sthapati, Satragrahi, Taksaka and Vardhaki. These
artisans, who are experts in their respective fields are

to be selected properly.

12

One who is an expert in all crafts prescribed in
every sistra, well versed in all the sciences, always

disinterested, free from the vices like envy, competition
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etc, truthful, just and clean may become the Sthapati.

13

It must be known that Sthapati is the competent
person in constructing the building. Then either his
son who 1is almost equally competent or one of his
disciples who 1is able to wunderstand his mind properly
may become the Sidtragrahi. The person who reduces the
size of materials to the appropriate size 1is known as
the Taksaka and he must always be happy. One who 1is
always careful and an expert in the craft of assembling
pieces of timber and other materials is known as

Vardhaki .

14

Without these four types of Silpins like Sthapati
etc, the construction of houses and other buildings 1is
impossible. Therefore a most intelligent brahmanpa
(Achdrya) must get the house built by them after pleasing

them properly.

15

Misfortune will occur to those who are 1living in

houses not properly constructed (without proper laksapa).
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So the entire work from beginning to end should be

decided mentally and then proceed doing it.

16

In constructing a house, the testing of bhumi in
several ways, the determination of directions etc, the
choice of auspicious Vithi, the formulation of the
measurements of the house, determination of parts of the
house like ankana, kuttima etc, and, in a similar way,
the formulation of rules regarding outhouses etc, are

to be done in successive order.

17

An even ground which is blessed with the presence
of cows, human beings, trees bearing flowers, fruits and
milk, slightly inclined to the East, smooth, having
majestic sound, water course flowing to the right, having
large quantity of earth and seeds growing rapidly, having
equal climatical conditions either in hot or cold season,
and without shortage of water is described as the most
suitable (uttama) for the construction of houses. A
bhiimi whose characteristics are opposite to these is
least suitable (adhama) and bhimis which satisfy some
of these characteristcs and not the others are medium

(madhyama) .
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18

The bhumis which are in circular or semicircular
shape, having 3, 5 or 6 angular corners, in the shape
of stla or sdrppaka, like the upper side of fish, or
elephant or tortoise, 1like the face of a cow, having
depression at the <centre, having <cavities or hollow
inside containing ash, charcoal, husk of grain, bone,
hair, worm, termite hill etc, having bad smell and which

face unfavourable directions (vidiks) are to be rejected.

19

The bhumis which are 1low from East onwards and
high from West onwards are the eight vithis, namely,
Govu, Vahni, Antaka, Bhata, Vari, Phapabhrth, Matanga
and Dhanya in their order. These bhlmis will provide
prosperity, loss of money, self-destruction, 1loss of
wealth, poverty, loss of son, wealth, and mangalam

respectively to those who are residing in them.

20

Bhdmis having depression at the centre will cause
exile and having mounds at the centre will cause

destruction of wealth and happiness. Bhumis which are
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slightly 1low towards Agni (South-East) corner and upto

vVayu (North-West) corner may generally give poverty.
21

In a middle elevated plot the first constructed
house will give prosperity for ten years. The east
elevated as well as South-East elevated plot will give
prosperity for hundred vyears. The prosperity remains
for thousand years or half of it according as the house
is on a plot with Nirrti (South-West) corner or western
portion elevated. If the plot is elevated on 1its Vayu
(North-West) corner, northern side or I%sa (North-East)
corner the prosperity remains for 12 years, 8 years or
100 years respectively. The results prescribed for each
plot (bhimi) in the above verse will be effective only
after the completion of these periods defined in this

verse.
22

Ilafini and Baniyan trees on the east side of the
house, the country-fig (Atti) and Tamarind tree on South,
provides proéperity. The Pipal tree and Ezhilampala
(Saptaparr;aka) on the West side are considered

auspicious. The trees like Naga and Itti on the North
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side are considered to be fortunate. Jack tree, Arecanut
tree, coconut tree and Mango tree on the four sides of
the house from the eastern side onwards, considered to

the owner of the house to have special prosperity.

23

The Peepul tree which occupies a position
different from its prescribed position will cause
difficulties from fire. The Itti tree situated in the
wrong position brings many sorts of manias. Similarly
the Baniyan tree makes difficulties from enemies, Atti
generates stomach diseases. Trees which are not in their
prescribed positions and those whose heights exceed their
distances from the house are to be cut off even if they

are precious.

24

The presence of trees 1like Kumizhu, Kuvalam
(crateva religiosa), Katukka (Terminalia chebula), Goose-
berry, Fistula, Devatara, %Yami (Plaksa), AsBka, Sandal-
wood, Punna (Callophyllium), Vefina (Avicenna), Campakam,
Karinfiali (Mimosa catechu) etc, on the rear and other
two sides are auspicious. Similarly, the growth of

Jasmine, betalvine and such other plants, plantain etc,
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on all sides of the house is considered auspicious.

25

Jack tree and such other trees having internal
core (antassara). Trees like Tamarind, Teak etc, are
having internal and external core (sarvasara trees).
Palm, coconut tree, arecanut palm etc, are with external
core (bahirss3ra trees). The drum-stick stree (Muriffa),
Ezhilampala, Silk-Cotton tree, Murikku (Erithrina Indica)

etc, are coreless trees (Nissadra trees).

Out of these, the trees of the first type are to
be planted in the middle of the space between the house
and its boundary. Trees having internal and external
cores (Sarvasdra) are to be cultivated in a region
exterior to the first type and the others are to be

planted outside the region of the second type.

26

Trees like Kanjiram, Cé&ru (Marking-nut tree),
‘Vayyamkata, Naruvari, Tafini, Uka (tooth brush tree), Neem
tree, Euphorbia (Kallippala)., Karamussu and

Swarnnaksheeri, are not at all permissible inside the

plot. The drum-stick tree is not permitted within the
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prescribed houndary of the house.

27

It is dangerous to construct houses on the left
and rear sides of the abode of Lord Visnu and on the
right and front sides of Ugramiirthis (violent deities)
like K&ali, Narasimha, Siva etc. If the deity situates
in a lower region, then the houses on the right and front
sides are dangerous. It is not considered auspicious
to have the heights of the houses higher than that of
the abode of the deity. Those who are the dependents
(attendants) of the deity may build their houses near

to the deity except on their prohibited sides.

28

Houses in the immediate neighbourhood of farm,
mountain, temple, sea, river, hermitage and stable are
dangerous in many ways. The house having height equal
to or less than the height of temple is more auspicious.
Houses having heights greater than it or having two

storeys are not at all advisable.



148

29

Bhumis having Kusagrass, Darbha, Karuka, and Ama,
having equal length and breadth (square), length

increased by 178", 1/6™M ana 1/4th

‘parts of breadth,
having colours white, red, yellow and black, having the
smell of ghee, blood, rice and alcohol and having tastes

sweetness, astringent, bitter and pungency are prescribed

for brahmanas and others in order.
30

The bhimi which 1is inclined from south to north
and containing an Atti tree on it 1is auspicious for
brahmins. Bhiimi which is inclined from west to east and
with a pipal tree on it is suitable for Ksatriya. The
bhumi with a slope towards west and with a Baniyan tree
on it is recommended for Vaisya. 1If the bhumi prescribed
for the Vaisyas contains an Itti tree on it then it 1is
appropriate for Badra. A bhimi which contains an Itti
tree on it and having slope from north to south is also
suitable for Sidra. If the bhuami is of opposite type

then it is not suitable for any of them.

31
The bhimi which is of mixed character with respect

to the colour, smell and taste is to be rejected by all.
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When the nature of the bhimi is not known it is to be
tested at night by wusing nimittam (omen) in the

prescribed method.

32

Make a pit on the bhumi and place an unbaked clay-
pot filled with 'dhanya'. Its mouth is closed by another
mud-pot and pour ghee into it. Four wicks in white, red,
yellow and black colours representing four varnas
(castes) in order are placed in the pot in such a way
that the white wick 1is directed towards east and the
other wicks in the remaining directions. The wicks are
lighted in order accompanied with 'mantratantras'. After
a short while, see which of the four wicks is still
gleaming. Then the bhiimi is suitable for the caste
represented by the colour of the wick. If all the wicks

are glowing then the bhumi is suitable for all castes.

33

Make a pit on the bhimi and fill it with water.
Drop flowers of phlomis (thumpappuvu) and such other
flowers into it. The clockwise movement of the flowers
is auspicious where as the anticlockwise movement is
inauspicious. I1f the flowers remains on the (NWES) sides

then it is good and if they remain at the corners then
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it is bad. After understanding the merits and demerits
of the bhumi in this way the intelligent sthapati has

to get the bhumi properly levelled.

Chapter II

1

The selected bhami 1is to be properly levelled
using the apparatus 1like avanata or such others or by
water filling method by expert craftsmen. Then a uniform
cylindrical strong wooden rod of % kol (36 cm) length
is to be constructed with its lower end of diameter 2
angula (6 cm) and upper end of 1 angula. The tip of the
rod must be in the shape of the bud of a lotus flower.

This rod is named as 'sanku'.

Draw a circle using a rope whose length is double
that of the 'Ssanku'. After determining the centre of
the circle accurately, fix the %anku firmly at that

point.
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In the morning, when the image of the tip of the
sanku just touches the circle on the west, one (sthapati)

who is disinterested must put a mark on the circumference

of the circle. Similarly, put a mark on the opposite
side (East side) in the afternoon. Put another mark on
the West side also the next morning. Divide the arc

length between the two marks into three egqual parts.
Then the mark which 1is nearer to the first day's mark

will be the accurate mark on west side.

The 1line (sUtra) through these two points which
are determined on two consecutive days as explained
above, will generate the East and West directions very

accurately.

The 1line (sutra) which 1is well defined in the
middle of the bhimi (ksé&tra) as explained above is called
the Brahma sitra. Construct two intersecting circles
in the middle of this line (siitra). Determine a line

through the middle of the fish-line (intersected circles
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form curve in the form of a fish) which is detained
crosswise due to the intersection of those circles. This
line in the South-North direction 1is called the Yama

sttra.

After determining the Brahma suitra and Yama sitra,
mark a point on each of the four branches of the two
intersecting silitras at a fixed distance from their point

of intersection and with these points as centres draw

four equal circles intersecting in pairs. Here, 1in
corners, four fish shaped 1lines are formed by the
intersections of pairs of <circles. Draw two lines

passing through the middle of the fish shaped lines in
pairs having their terminal ends at the Isa (North-East)
and Agni (South-East) corners and a square is drawn

accordingly.

The square bhiimi (square mandala) is then divided
into four quadrants (khandas) by the two lines (siitras)
having their terminal ends at the East and North sides.

Isa khanda or Dévakhanda may be prescribed for
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constructing houses for Brahmana and others. If the area
of the bhumi is too large then each quadrant may further
be divided into 4 parts (sub khandas). Then the Nirrti
part in the I$a khanda and Isa part in Nirrti khanda are

suitable for the construction of houses.

When the bhiomi is divided into four khandas, the
1sa khanda (North-East) is known as the Manusyakhanda
which provides prosperity and Nirrti (South-West) khanda
is named as the Devakhanda which gives favourable results
to the residents of the house. These two khandas are

auspicious for the construction of houses for man.

Agni khanda (South-East khanda) is named Yama
khanda. This provides death (destruction) to the family
and therefore is to be avoided by all castes. The Vayu
khanda (North-West khanda) is known as Asura khanda which
is not auspicious for the construction of houses. But
in some places, it 1is accepted for the construction of

houses for Vaisyas.
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10

After deleting the elongations of the bhimi
prescribed for Ksatriyas and others its middle portion
is made into a square. The two diagonals having initial
points at Nirrti and Vayu corners and terminal points

at Isa and Agni corners respectively are known as rajjus.

11

The intersections (or <coincidence) of the ends
of Brahma slitra, Yama slUtra and Rajjus with the central
axes of house, well, tank etc, will cause difficulties,
except in the —case of Catuss3la without elongation
(Mukhayama) to the ankana.

(The intersection or coincidence is known as vé&dha)

12

The results of V&dha (intersections of axes as

in the above verse) from east direction onwards are

separation from husband, leprosy., difficulties from
enemies, loss of son, loss  of wealth, rheumatic
complaints, loss of family, and loss of grain

(agricultural products) respectively.
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13

If the Isa khanda or any other khanda of the
ksétra (bhimi) is divided into 9 x 9 padas (cells), then
it is known that the widths of the Sutras and Rajjus are
given by 1/12 of a pada. Similarly, when it is divided
into 10 x 10 padas, 1/8 of a pada will be the width of
the sutras and rajjus. If the khanda is divided into
8 x 8 parts then their widths are given by 1/16 of a

pada.

14

The mutual intersections (vedha) between the
central axes of houses, ankana (courtyard), well, tank,
door etc, and the védhams between the rajjus and the

diagonals of the corner houses are to be avoided.

15

To determine the width of the vithi (envelopes)
there are several types of dandus, depending on the area
of the bhimi. For this, the height of the owner of the
house 1is taken as 'talam’'. Three types of dandus are
defined by taking 1its 1length 10 talam, 9 talam or 8
talam. If the bhimi is of sufficiently 1large size then
any one of these three dandus is taken as the width of

the vithi.
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16

By dividing into 18 putas (calyxes), there will
be nine expanding envelopes (avrtti) of which from the
outermost to the innermost are the vithis of Pisaca,
Deva, Kub&ra, Yama, Naga, Jala, Agni, Vindyaka and Brahma
respectively. Of these, the vithis of Pisaca, Agni, Naga
and Yama are considered to be inauspicious for the

construction of houses on the four sides.

17

It is best (uttama) to have the width of the vithi
as 1% times the length of the ankana {courtyard) which
has already assumed in building the house. It is
madhyama (intermediate) when it 1is equal to the length
and it is adhama (worst) when it is less than the length
of the ankana. In small plots the width of the vithi
may be taken as half of the length of the ankana. In
such case the houses on the east and north sides will
have to include also the Jala vithi which is a special

case of determining the width of the vithi.

18

In some places, it is seen that, catussala

(courtyard houses) 1is constructed in a very small plot
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with a prescribed shift (gamana) of its centre from the
point of intersection of the Brahma slitra and Yama siitra.
Since the vithis are too small, the merits and demerits
due to them will be negligible. Hence the division of
the bhimi into khandas like I$%a, Agni etc, and vithis

like PiSaca, Dé&va etc, are considered unnecessary.

19

The width of the vithi is determined by 1% times
the length of the ankana and 18 times the width of the
vithi will be the width of the bhumi {(plot). Thus from
the centre (ankana) the measure of the bhimi may be
determined. If the house is situated in a bhimi whose
boundary is not known it may be calculated from the
length of the ankana of the house. After determining
the boundary of the house, the boundary wall may be

constructed (appropriately to the status of the owner).

20

After combining the vithis of Brahma and Gan®&sa
together in Isa or Nirrti khanda, that region (Vastu
pada) is divided into 81 padas or 64 padas or 100 padas
as mentioned earlier. Here, the parts (organs), marmmas
(nodal points), and deities of the Vastu are to be

determined accordingly.



158

21

In 81 pada system there are two sets of Nadis
(lines) containing 10 N&adis each with their terminal
points on the east side and north side respectively.
Similarly, there are two sets of rajjus each set having
5 rajjus passing through 9 padas, 6 padas and 3 padas
and having their terminal ends directed to the Agni
corner and I%a corner respectively. There are hundred
murmmas formed by the intersections of 8, 6, 5, 4 and
3 stitras occuring at the corners of the cells and they
have to be avoided in the construction of walls, pillars

and such others.
22

The difficulties due to the placement of walls,
pillars etc, at the marmmas, may be avoided by shifting
their positions towards east or north by 1/24 of pada
from the marmmas. Anyhow, if the difficulties due to
marmmas occur, then the images of the heads of buffalo
lion, elephant, tortoise and pig in gold must Dbe
installed properly by a priest for the relief from the

difficulties.
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23

In the system of 81 cells, the 9 cells at the
centre, 6 cells on each side and 2 cells on each corner
in two surrounding envelopes and each <cell in the
outermost envelope, define 1 position each so that there
are 45 positions inside the boundary of the system of
cells. Brahma, Aryaman, Vivaswan and such other deities
are occupying these 45 positions and exterior to these
cells there are 8 deities so that there are 53 deities

in total on a vastumandala.

24 & 25

The padas (cells) in the outermost envelope from
isa corner onwards are the positions of I%ana, "Parjanya,
Jayanta, Indra, Ravi, Satyaka, Brsa, Antariksaka, Agni,
and Pusav, then Vitatha, Grahaksata, Yama, Gandharva,
Brhga, Mrga, Nirrti, Dharapala, Sugrjiva, Puspadanta,
Varuna, Asura, Sdsa, Rdéga, Vayu, Naga, Mukhya, Bhallata,
Indu, Arggala, Aditi and Diti in order. In the two
middle envelopes there are the positions of B&pa,
RApavalsa, Arya, Savitav, Savitra, Vivaswan, Indra,

Indrajith, Mitra, Siva, Sivajith, and Bhubrth.
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26

The central cposition is occupied by the Brahma.
Outside the <cells, there are Sarvaskanda in the east,
Aryamav in the south, Jrmbaka in the west and Pilipincaka
in the north of the vastu. Further, deities like caraki,
Vidarya, Plitanika and Pipardksasi are positioned at the

corners from Isa corner onwards.
27

There lived a demon (asuran) who was most arrogant
and an enemy to Dévas. He conquered the whole world by
his wonderful courage and strength. In a battle with
Da8vas he become weak and fell down to earth. Even then
he survived on the earth and troubled it by whirling
several times. So the human beings were unhappy and in

the same way the Sages and Dévas became unhappy.
28

When the vastupurusa flourished everywhere
especiaily in city, town, vastu, ksetrakhanda and ankana
like the sky in small and large pots, with his back on
earth, legs at the Nirrti corner and head at Isa corner,

the dévas suddenly seated on his body permanently.



161

29

Isa resides on his head, Parjanya and Diti on
eyes, Apa on face, similarly, A&pavalsa on neck, Jayanta
on right ear, Aditi resides on his left ear, Indra
situates on his left shoulder and Arggata resides on his

right shoulder.

30

Sun, Santhya and such others resides on his left
arm and Moon, Bhallata and others dwells on the right
arm. Savithav and Savitri occupies the 1left prakdsta

and Siva and Sivajith on the right prakosta.

31

Mahidhara and Arya reside on his breast, Vivaswan
and Mitra on stomach, Brahma on the navel, Indra on his
phallus (Mandrum), Indrajit on vrsapa (testicles) and

others reside upon his legs.

32

If the deities residing on the V3astu are properly

propitiated then they will provide favourable results.
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Otherwise, they will produce bad results. So offerings
(vastupija) are to be performed for propitiating the

deities on the Vastupurusamandala.

Chapter III

1

The thickness of 8 gingelly seeds contained in

its shell 1is called a 'vyavddaram'. Eight ‘'yavddaram'
constitutes a 'matrangulam'. Vitasti is defined by 12
angulam. Twice the vitasti is named a kara (hasta),
Kisku, Aratni, Bhuja, Doh, Musti etc. There are

different types of measurement (kol) based on the varying
length of an angula with the size of seeds and

increasing the length of hasta by 1 angulam each.

The measurements having 25 matrangulam is named
'Prajapathyaka' which 1is defined for measuring Vimana
and in some places it is also used for measuring temples.
The hasta of length 26 angulam is called 'dhanurmustikam'
and it 1is suitable for measuring for all houses and

temples (for all buildings).
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The intellectuals (Silpins) define the hasta of
27 angulam as Dhanurgraha. It is used for measuring
villages, markets, garden etc, and also for measuring
tank, lake etc. It is used for measuring all types of
houses which is evident from its name. Dhanurmusti is
also acceptable for measuring the markets, garden, tank,

lake etc.

The hasta consisting of 28 angulam 1is <called
_Pracyam, The hasta constituted by 29 angulam 1is known
Vaid&ham, The measure formed by 30 angulam is called
Vaipulyam. Adding one angulam to this will get the hasta
named Prakirnam. In this way there are eight types of

hastas (kols).

Dhanurgraha and Prakirnam are used for measuring
Brahmin's  houses and Vaipulya and Dhanurmusgti are

;employed for measuring King's houses, palaces etc.
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Prajapatya and Vaideha are used for measuring
houses and all other equipments of Vaisyas and Pracya
and kigsku are prescribed for ‘Stdras. In particular,

kisku is suitable for all.

It is not auspicious to kings and others to accept
the measures (hastas) which are prescribed for the upper
castes and not for themselves. All the measures which
are prescribed for 1lower <castes are acceptable to

Vaisyas, Ksatriyas and Brahmins in order.

All the madhyama and adhama hastas which are
formed due to the differences in the measure of angulas
are acceptable in the case of temples according to the

situations.

The matrangulam which 1is comprised of 8 yavas is
said to be the best (Uttama) and which are comprised of
7 and 6 yava are considered to be intermediate (madhyama)

and worst (adhama) respectively.



165

10

Angulams of wuttama, madhyama and adhama types
occur according to the measures of widths of 8, 7 and
6 sali(red-paddy or Navara) grains respectively. The
above three types may also be obtained from the lengths

of 4, 3% and 3 %sali grain respectively.
11

There will be 9 types of hastas of uttama,
madhyama etc, nature depending on the nine distinct types
of angulams. These 9 types of hastas together with the
8 types of hastas as given in the above verse will form

72 types of hastas.

12

The kara (hasta) comprising of 24 matrangulam
which is defined earlier 1is auspicious for all castes
and situations. Other hastas are acceptable to all
depending on their respective castes and types of hastas

prescribed for them for different situations.
13

The measurements of house and others are expressed

in hastas (karas) 1itself and in some cases they are
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defined in terms matrangulas. When it is impossible to
measure the length of the perimeter and gati (change or
shift) in terms of hasta and angula, it may also be
expressed 1in terms vyavas. In houses and such other
buildings of human beings, the gatis (changes or shifts)
and boundaries of outhouses (upalayas), stable etc, are
measured in terms of ‘'dandu' of 4 hastas. This unit of
measurement 1is also known as ‘'yasti'. Eight times a

dandu will be a rajju.

14

Statue (idol) or such others are to be measured
using talam (a proportionate measure), yavam etc. Yavam
is to be used for measuring ornaments. vitasti is the
unit of measure for measuring silk, blanket, cloths etc.
Arms such as sword, arrows etc, are measured using the
measure (width) of two ring-fingers or by the width of
one ring-finger of their owner. The pots for sacrificial
(y3ga) purposes are to be measured using the measure the
musti of the master of the sacrifice (y&dgakartta). Other
items are to be measured using the measure of pada

(foot).

15

There are various types of villages depending on
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the number of houses of brahmins in a locality. These
villages are again classified into uttama, madhyama and

adhama types depending on their areas.

16

A region of area of one yojana square is called
an uttama village. A village is said to be madhyama if
its area 1is half yojana square and it is said to be

almost adhama when the area 1is a quarter of vyojana

square.
17
For towns ({(nagaram) there must be an area of
thousand to two thousand dandus. Similarly, the region

having a sea shore with shipping facilities 1is called

a city (pattana).

18

A region which is famous due to the presence of
a King's palace and merchants and such others is named
a puram (town). A region having palaces of kings and
residences for all sorts (varnas) of people is famous

by the name nagara (city).
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19

A brahmin's family together with the subordinates
or assistants and their families 1living under the same

brahmapa (karanavar) is called a village (grama).

20

Depending on the number of brdhmana houses in a
village and their extensions, the wvillages may be

classified into uttama, madhyama and adhama categories.

21 & 22

In temples, the external width of the prasada
measured along the beam is called the perfect (best)
dapdu (uttama dandu). Similarly, the measure along the
Jagati is the madhyama (intermediate) dandu and along
the paduka is known as adhama (worst) dandu. In temple,
outside the srikovil (prasada), five boundaries are to

be determined using this dandu.

23

Ketuydni is defined for all objects which are used
for transportation since it is auspicious in these

objects. Gajaydni 1is prescribed for cot or such other
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equipments and for seat (pitham), stool etc, simhaydni
is recommended. In the case of box and such others and
in defining well, tank, lake, nest etc, the vrsaydni and
dhwajaydni are acceptable. Kétuydni is prescribed for
all types of foundations such as the foundation of pipal

tree etc.
24

To determine the yonis of measuring jar and such
other pots, tank, well etc, ankana, garbhagraha etc,
interior perimeters are considered. In the case of
Turyasra sdla (Madhyaprardda s&la) the perimeter is
measured along the central line of the width of the beam.
In all other cases yo&nis are determined with respect to
the exterior perimeter. The vyoni defined wusing the

interior perimeter is sometimes called antaryoni.

25

Multiply the perimeter which is the sum of the
desired lengths and breadths by 3 and then divide it by
8. The remainder will represent the corresponding ydni.
If the product is divided by 14, the remainder will be
vyaya (expenditure). Then multiply the perimeter by 8

and divide it by 12, the remainder is the 3dya(income).
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If it is divided by 27, the remainder will be the star
(naksatra) and the quotient is called the age (vayassu).
The remainder will represent the tithi (pakkam) when the
product is divided by 30. If the product is divided by
7, the remainder will be the day of the week. When the
perimeter is multiplied by 9 and divide it by 10, the

remainder will represent an alternate vyava.

26

The weight vyonis dhwaja, dhiima, simha, kukkura,
vrsa, khara, gaja and vayasa occur in eight directions
from east onwards in order. Of these, the odds will

provide prosperity and evens will cause misfortune.

27

Kétu (dhwaja) yoni provides all favourite wishes
to the owner of the vastu. It has satvika quality,
represents the guru of devas (Jupitar) and is a brahmin.
Even though it is defined for the east side, it is
acceptable to all objects and especially in all
directions (it appears that in the last 1line it should

be 'abhihita' and not 'avihita').
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28

Simha yoni situates on the south side and
represents kuja. It has tamasa quality and is ksatriya
and provides prosperity. Gaja ydni defines on north
side, represents Budha, having rajass quality and is a

vaisya. It provides fortunes.

Vrsa yoni with tamo quality situates on the west
side, represents S$ani and is a sudra. It gives
prosperity in agricultural production. Then the yonis

defined at the corners are despicable (desertable).

29

Dhima ydni provides anxiety, quarrel will be the
result of Kukkura yéni. Khara vyoni will generate
fickleness and Kaka ydni will result 1in no prodigy.
Therefore, the corner yonis are to be avoided for the

construction of houses.

30

K&tu ydni is prescribed for the east direction
and it is suitable for houses on any side. Simha yoni
is defined for houses on the south side and K&tu yoni
is also suitable for this side. Gaja yoni 1is suitable

for north sala (house) and K&tu and Sifiha y&nis are also
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auspicious on this side. Vrsa yoni will be on the west
side and K&tu, Simha, and Gaja ydnis are also suitable
on this side. For corner houses, the yonis which are
prescribed for their related side-houses are to be

accepted.

31

It is generally admitted that y®ni is the vital
air (prdna) of all houses. Therefore, suitable yd&nis
which are prescribed for each direction must be accepted
.accordingly. In all houses 'the death' (due to the
selection of inauspicious y®&nis) must be avoided. If
the death (unfavourate yoni) is accepted then it will

cause several misfortunes.

32

In all cases the A&ayam (income) must be greater
than the vyayam {expenditure). Otherwise misfortune will
be the result. The merits and demerits of the star
(nakgatra), ydga etc, are to be learned from astrology

and such others accordingly.

33

There are five stages of age (vayassu), namely,



173

bidlya, kaumdra, youth, oldage and dJdeath. Out of these,
the last one is not auspicious in the case of houses.

Others are auspicious for the construction of houses.

34

¥éni, aya, age, naksatra (star), tithi, rasi, and
the castes, such as brahmana and like others, are defined
in two ways. Vyaya is defined in 4 ways and the days
of week and dhruva etc, are explained in 3 ways. Oout
of these, the first set of definitions of yoni etc, are
accepted by all and the above definitions are to be

accepted only if necessity arises.

35

Generally, the prescribed ydni, aya etc, for each
are to be obtained from the perimeter. It will be very
prosperous to have the same yoni etc, with respect to
the length, breadth, heights of pillar, padamana,
adhistana, and area of the house and also by the

alternate methods explained earlier.

36

In all houses, the measurements of length,

breadth, padamana, pillar, adhistana, garbhagraha, door,
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statue etc, beams 1like arddam and all different parts
of the two-storey building are to be determined with
respect to the perimeter of the main beam. If these are
determined by parts (divisions) as given in the alternate

method then they are to be adjusted to get the nearest

appropriate yonis.

37

The product of the 1length and breadth is known
as area. After determining the appropriate 1length and
breadth in order to get the desired yodni, the vyaya, aya
etc, are to be determined as in the case of perimeter,

This is also an accurate method.

38

It is mentioned earlier that the usual vyaya is
obtained by dividing the perimeter multiplied by 3 by
14. Multiply the perimeter by 9 and divide it by 10 or
8. Then the remainders will be the vyayas. When the
naksatra, determined by the prescribed rule, is divided
by 8, the remainder will be the vyaya. Thus there are
4 types of vyayas. In all these cases, the vyaya must
be less than the aya. Otherwise it will cause disaster

to son, wealth etc.
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39

Add one-third of the perimeter to itself.
Multiply it by 2 and divide by 8. Then the remainder
is the &ya. Multiply the perimeter by 27 and divide it
by 20, the remainder is the age. The bilya, kaumdra etc,
are to be known by the quotient in order. The remainder
will represent the number of years passed over by the

respective age. Of these, the youth is the best age.
40

Divide the perimeter itself or nine times of it
by 30. Then there remains the tithi of the two paksas
{(pirvapara paksas) as before. Multiply the perimeter
by 3 or 8 and divide it by 4, then the remainder will
represent the castes of brahmana, ksatriya and others
in order. When the perimeter is multiplies by 4 or 8
and divided by 12, the remainder will be the rasi {(month)

corresponding to that perimeter.
41

Divide the perimeter itself or 3 times of it by
7. The remainder is the day of the week (vara).
Multiply the perimeter by 2 or 3 and then divide it by
16. The remainders will represent the dhruva and such

others.
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42 & 43

Add the number corresponding to the vyaya to the

area and divide it by 16. The remainders will represent

the dhruva, dhanya, jaya, vinasa, khara, kanta,
mamapraséada, sumukhatva, vaimukhyam, asaumyatva,
virodham, vittolbhava, kgayam, akranda, vrdhi, jaya

respectively. The result of each is implied in its name.

Chapter IV

1

Determine the appropriate length and ankana of
the house in such a way that suitable yodni, &ya, naksatra
(star), age etc, are obtained from their respective
perimeters in all methods as explained earlier. Then
an expert person (architect) have to determine the length
and width of the house according to the rule of
'Istadirgha' (preferred 1length) or gunamsa (multiples
of part) so that the intermediary spaces (antarala or

alinda) become small.

The perimeter of every house is obtained from its

preferred 1length. The corresponding width 1is got from
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this perimeter. Pidamanam (height of the house from the
level of paduka to the level of wallplate) is obtained
from the width and from the p&damana, the height of the
foundation is determined. The height of the pillar is
the difference between the padamana and the height of
the foundation. From the height of the pillar, the width
of the beam (wallplate) is obtained. Based on the width
of the each beam, the width of rafters, brackets (vamata)
etc, are to be determined. Similarly, the thickness of
beams, brackets etc, are to be obtained from their

respective widths.

The preferred 1length of 6 hasta or above is
multiplied by 8 and the corresponding yoni number is
added to this number. Then one-third of this will be
the regquired perimeter of the house. If the process is
reversed, the length is obtained from the perimeter. When
the 1length is subtracted from the semiperimeter, the

width of the house is obtained.

Multiply the preferred 1length in hasta (kol) by

2 and add one-third of this to itself. Adding one-third
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of the prescribed ydni number to the above sum will

provide the perimeter of the house.

In a square house, 1/4th perimeter will be the
length which is equal to the width of the house. If the
semiperimeter is divided into 9 parts, then four parts
will be the width and the remaining parts will form the
length of the house. This is the 'padadhikam'. When
the semiperimeter 1is divided into 10 parts, four parts
will form the width and the remaining 6 parts form the
length. This 1is known as 'arddhadhikam'. These three

types of divisions are prescribed for temples.

In houses (manusyalayas), the padadhikam division
is accepted and in some cases, samatalam is also adopted
by some. Arddh&dhikam is not recommended here (in
houses) . According to sages all paddnam divisions will
provide calamities to all and hence they are not

acceptable at any cost.
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If the semiperimeter is divided into 12, 13, 14
parts or into 16, 17, 18 parts or into 20, 21, 22 parts
or into 24, 25, 26 parts or into 28, 29, 30 parts or into
32 parts then the width is determined by 4 parts and the
remaining parts form the length of the house. Thus the
sages defines width in gqunam$amethod from 8, 9, 10
divisions onwards except the 4th divisions of the

samatatam.

When the semiperimeter is divided into 11 parts,
the width may be determined by 3 parts and the 1length
by 8 parts. Width, much larger than % of length is

considered inauspicious by the sages like Gargga, Daksa

etc.

10

In the plan of a house (s3dla) there will be 4
detached side houses (Diks3las) and their respective 4
corner houses (Vidiksalas). Thus there are 8 houses
prescribed by sages for human beings. Depending on the

specialities in direction, measurement, name etc, of
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beams in houses, there will be 9 types of Salas (houses).
The measurements of the parts of the storeys of the
houses are to be defined in accordance with the

measurements of the respective salas (houses).

11

Salas are classified into two groups bhinna and
abhinna according to their detached or nondetached
nature. S@la without corner houses and each sidehouse
is complete in all respects of its parts in the bhinna
sala. A sala whose perimeter is of kétu yoéni and in
which the <corner houses are differentiated by the
joinings of the exterior and interior beams is called

an abhinna séala.

12

A sdala having four side-houses without common
portions and each having the prescribed characteristics
of gamana, width, ydéni etc, upto the patramd@na and having
prescribed pdduka all around, without corner houses 1is
known as bhinna sala. These salas are suitable to all
especially suitable to brahmanas since the corner-houses
are not defined in them. Here the perimeter of the
ankana must be of k&tu ydni and this defines the

characteristics of viSuddhabhinna s3la.
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13

The s@las on the southern and western sides are
relatives. Similarly the eastern and northern salas are
relatives. So they may be combined together by adjoining
the corner-house in between them. The other two corners
should not be joined. This portion may be used as a

passway for wommen after delivery, sudras etc.

14

By adjoining one, two or three corner-houses to
the side-houses, the sala becomes Sligta bhinna. Even
though it is prescribed for brahmana, it 1is suitable to
all castes because of its bhinna and misra nature

(detached and attached).

15

The rear ends of the beams of the side-houses are
to be joined with ends of the beams of ther corner houses
just 1like the arrangements of petals in the flower of
Nantyarvatta, arranged in the anticlockwise direction
in order. Here the perimeter of the ankanattara
(perimeter along the inner beams) must be of k&tu yoni.

It will be auspicious if the perimeter of the paryanta
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(outer beams) too is of ketu ydni. This sdla is known

as Samslista bhinna sila.

16

It is stated that, in all salas, the ydni of the
corner-houses must be the same as that of the
corresponding side-house. It is known that the corner-
houses are janyas (products) and the corresponding side-
houses are janakas ({producer). Therefore in human
houses, K&tu yoéni for ISa corner, Simha yoni for Agni
corner, Vysa yoni for Nirrti corner and Gaja yoni for

Vayu corner are to be obtained accordingly.

17

All the beams of the s&la are determined properly
as in the case of samslista bhinna sala. Then the
perimeters of the corner-houses are so determined to get
the same y&ni as that of their related side-houses. The
joints of the beams of the side-houses and corner-houses
must be made in the left antardlas (intermediary spaces)
of the side-houses, slightly shifted from the middle of
the main door. This is the astasdla which is called

Slistasala.
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18

When the ends of the beams of the side-house and
corner-house are placed very close without 3joining them
firmly, the s3ala will be of bhinna nature. Thus four

types of bhinna salas are told in this way.

19

If the 1lengths of the beams are not sufficient
for the length and width of the s3ala then they may be
increased wupto to the ends of the corner-houses by
joining the beams according to the rules of joints
prescribed for each sala. The joints of the beams at
the 4 corners are done in such a way that the external
beams on the east and west sides form the adharam and
the other two on south and north sides become the

idhéyam.

20

In misrabhinna sala, the perimeters of the
paryanta and ankana are assumed to be of k&tu yoni and
the corner-houses are without interior beams. The beams
of ankana are joint at the corners according to the same

norms which are defined for the paryanta (external
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beams) . All the 4 side-houses must be with their
respective characteristics of yd&ni, gati etc. This sala

is a catussala which is the mi$érabhinna sala.
21

Since the beams of all the houses are
inter-connected at the corners, this sala will have the
mixed characteristics. Since the corner-houses are not
there and the side-houses satisfy their respective
characteristics such as yodni, gati etc, this sala has

the qualities of bhinna sala.

22

The perimeter of the paryanta must be of ké&tu
yoni. The perimeters of the external and internal
patramanas, the perimeter of the ankana, exterior
perimeters of the side~houses and the interior perimeters
of the corner-houses must be of k&tu yoni. In this
sammiSra bhinna sala, the width of the beam (uttara) is

to be determined using ingenuity.
23

The perimeter of the ankana is to be subtracted

from the desired perimeter of the paryanta. From the
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remainder subtract 8 times of the length of the interior
side of a rectangular corner-house. Then the width of
the beam is to be determined by 1/16 of its remainder.
The external and internal beams are to be extended upto

the paryanta and they are to be joined on four sides.

24

As in the case of sammisra bhinna sala, the
internal patramana of the sala must be of k&tu yodni.
Similarly, the external patramana and the inner perimeter
of the corner-house also must be of k&tu ydéni. The side-
houses may occur with their respective y%ni and gati.
This sala is recommended for Kings (Royal families) and
is called Misraka Cattussala. Since the side-houses are
having their respective ydnis, they are suitable for all
classes. But these silas are not so perfect for

Brahmands.

25

The ankana of a s3la is defined by equal 1length
and width (square). The inner and outer perimeters of
beams and patram3nas (padukas) must be of k&tu ydni.

The perimeters of openings in the middle of these houses,
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without gati (shift), also must be of ké&tu ydni. This

sdla prescribed for Kings, is called Caturassala.

26

If in a catussdla, the perimeters of all houses
are measured along the central 1line of the beams then

it is called a Maddhyaprariga sala.

27

If we propose to construct only a single house
then it must be the south house. If there are two houses
then they must be the south and west houses. When three
houses are to be constructed, the north house is to be
adjoined to the above two houses. If four houses are
needed the above three houses together with the east
house is - to be constructed. In some cases, west house
is accepted instead of south house for a single house.
In the construction of sala having more than one house,

the order of construction must be as given above.

28

If there are three houses in a sala without the

east house then it 1is called 'Suksetram' which provides
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prosperity to the owner of the house. The s3dla without
the south house is called 'Culli’' and this causes
destruction of wealth. The sala comprising of 3 houses
without the west house is named 'Dhvamsam' which causes
destruction of son and difficulties from enemy. If there
are three houses excluding the north house, it is called

‘Hirannyanabhi'. This will always provide wealth.

29

When the two houses are constructed without the
east and west houses, it is called 'Kaca'. This will
provide quarrel and fear. If the other two, namely, the
east and west houses are constructed without the south
and north houses then it is called 'Siddharthakam'. This
will generate wealth and fortune. It is told that if
two houses are deleted, in order, from east side onwards
then they will provide death, fear, quarrel, and wealth

respectively.

Chapter V
1

The region selected for the construction of house
is to be raised to a height of 8, 12 or 16 angulas with
earth, stone etc, in order to avoid the difficulties due

to the dip at the central courtyard for water to ooze
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out from the inner and outer ankapas (yards).

In all buildings an upapitha of width one or two
hastas is to be constructed below the adhistdna for
strength, beauty and height of the building. A
Kuzhiyankanam (central courtyard) of Ké&thu yéni or Vrsa
yoni with South-North elongation is to be constructed
inside the house. Then a water-let 1is arranged in the
1sa-corner with its opening towards the north or east

direction.

The height of the upapitha in a house for man may
be equal to that of the height of the adhistana or one
part less than this when it is divided into 6, 7, 8, 9
or 10 parts as required. The paduka, jagati etc, are
to be constructed by dividing their respective heights

accordingly.

A square 1is determined in the middle of the

Kuzhiyankanam {central courtyard) by deleting equal
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lengths (which is equal to half of the difference between
length and width of the ankana) at the south and north
ends of the ankana. Then the square is divided into 64
cells (padas). The Mullathara (the place for growing
jasmine) may be constructed at the southern side in the
Apa pada or at the northern side in the Apavalsa pada

in the middle envelope of cells.

Mullathara may be in the shape ot square, octagon,
sixteen-gon or circle and must be of k&tu yoni. It may
be constructed with wupapitham and such other parts, with
decorations of Kumuda, pattam etc, on it. Its height
may be determined as the height of the adhistana of the
house or one part 1less than when it is divided into 6
to 11 parts as required. Thus the Mullathara is defined
without its vé&dha (intersection or coincidence) with the

rajju (diagonal).

) The 'Cherippu' (upanadham) of the adhistana is to

be done strongly upto the level of upapitha. Paduka is

to be constructed above the upapitha on all sides of
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adhistana. All other parts on adhistana are to be
constructed accordingly upto the level of patramana as

prescribed earlier.

The onward projection of the adhistana from the
foot of the perpendicular from the outer-edge of the beam
(uttaram) is defined as the Patramana. The outward
projection may be taken as 8 angqulas or two times or 3
times of it as required. As a special case the
projection on south side and north side may be taken as
6 angulas and an outward projection of 12 angulas on the

west side is acceptable in some cases.

In houses the 1inner and outer patramanas may be
of the same or different widths. They are determined
in such a way that they satisfy their respective yodnis.
In temples the patramdnas of the dipamala (vilakkumadam)
in antahdra and the gdpura (entrance) are determined in

the same manner.
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According to scholars, the region outside the
pddukas of the four houses (central courtyard) is called
‘prankana’. This ilave elongation in South-North
direction and in the form of a rectangle. The 1length
may be larger than the width by 1, 2, 4, 8, 9, 12 or 16
angulas or this may be greater than the width by 1, 2,
or 3 hastas. Otherwise, the length may be determined
by the gunamsa method. In any case, the perimeter may

be of the Kétu yodni.

10

If the <central 1lines of the ankana (courtyard)
and the four side-houses (diksalas) intersect then the
residents will suffer from several calamities to their
children. Therefore the centres of the houses are to
be shifted in the clockwise direction. These shifts from
the east-house onwards are 3, 9, 7, and 5 angulas
respectively so that they provide the ydéni corresponding
to each side. 1If the shifts are to be small, the gamanas

{shifts)} may be done using yavas instead of angulas.
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11

When 8, 16, or 24 angulas are added to the
respective angulas of shifts of four-side houses, their
respective yénis will be the same. Therefore, in houses
vhere the intermediary spaces (antar3las) are small, the

increased shifts are to be accepted.

12

To distinguish between the side-houses and the
corner~houses there will be eight antaralas. If the
antardla is too large, the result will be loss of wealth.
If it is too small, illness will be the result. When
the walls coincide, there will be no space between them
and the result will be death. Therefore it 1is not
auspicious to have antaralas greater than 1/6 the length

of the house or less than it by more than 2 or 3 angulas.

13

The inner width between the respective beams and
cerippu 1is known as the padamana. In small houses it
is seemed to be 3% hastas. According to great acaryas
the padamdna is to be equal to the width of the house

or 1% times of it. It may also be determined by adding

ot subtracting one part of width to or from it when it
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is divided into 4, 6, 7, 8, 9, 10 egual parts.

14

When this padamana is divided into 3, 4, 5, 6,
7, 8, 9 or 10 equal parts, the measure of one part will
be the height of the addhistana. If it is divided into
21 parts, the measure of 6 parts will be the height of
the adhistana. Further, when it is divided into 18, 24
or 7 parts, the measure of 5, 7, or 2 parts respectively
will be the height of the adhistana. Similarly, when
it is divided into 15 or 14 parts, the measure of 4 parts

is the height of the adhistana.

15

As explained above, the heights of the adhistana
are defined in 14 ways. By subtracting one part each
from their respective heights when they are divided into
6, 7, 8, 9, 10, or 11 parts, the height of the adhistana

will occur in 84 ways.

16

When the chosen height of the adhistana is divided

into 9 parts, the height of the paduka and jagati are
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determined by 3 parts and 6 parts respectively. This
may also be done by taking the measures as paduka by 2
parts and jagati by 7 parts in order. Thus there are
two types of mancakas (adhistana) without pati and gala.
The projection of the paduka from the edge of jagati may
be determined as 3/4, 1/2 or 1/3 of the height of the
paduka or it may be defined by 3 parts when the height

is divided into 5 parts.

17

When the desired height of the adhistana is
divided into 6 parts, the heights of the paduka, Jjagati,
gala and pati are to be determined on the mancaka by 1

part, 3 parts, 1 part and 1 part respectively.

18

When the height of the adhistana is divided into
5 parts, the height of the paduka is determined by 1
part. The heights of jagati, gala and prati are
determined by 2 parts, 1 part and 1 part respectively.

Mancaka may be constructed also by this method.
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19

When the height of the adhistana is divided into
14 parts, the paduka is to be constructed by 2 parts.
The heights of jagati, the lower v&jana, an ornamentation
of the gala, gala, upper vajana galamancaka with vajana

and is very prosperous.

20

Thus the galamancaka are defined in 3 ways. The
shift of the pati will be equal to that of jagati. In
these galamancakas the inward shift of gala will be %

of the height of the gala.

21

In this way the adhistana (basement) is
constructed strongly. Then the height of the pillar
(stambha) is defined as the difference between the
piddamana and the height of the adhistana. The height
of the pillar may be defined by adding or subtracting
one part to or from it when it is divided into 6, 7, 8,
9, 10 or 11 parts. From this height (length) of the
pillar, the height of the p&adapeedam (pedestal) (%ma)
and the thickness of the pdtika (bracket) are to be

subtracted.
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22

The pedestal (6ma) must be made of strong stone
or by the core of strong timber. This may be done in
the shape of square, octagone, or sixteen-sides and 1in
some case this may be done in circular shape. The width
of the pedestal must be the 1length of the diagonal of
the foot of the pillar and the height must be half of
it. This height may be reduced by 1/4, 1/3, or 1/2 of
it. In some cases, this is done in the shape of a lotus
flower together with ornamentations like vajana etc. The

pedestal (oma) is to be placed above the adhistana.
23

All pillars must have rectangular projection at
their ends with a width of 1/3 of the width of the
pillar. These pillars are placed on the pedestal placed
at their respective positions in such a way that the
projections (kutuma) at their ends are exactly inserted

into the holes on the pedestals (oma).

24

The breadth of the foot of the pillar is

determined by one part of the height of the pillar when
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it is divided into 4, 5, 6, 7, 8, 9, 10 or 11 parts.
The width of its upper end is given by 1 part less than
the width of its lower end when it is divided into 8,
9, 10 or 11 parts. The width of the upper end is known
as a dandu. In some cases this dandu is used as a unit
of measurement. This dandu is used for measuring the
ornamentations on the walls, The width of the upper end

of the pillar on wall is also known as dandu.
25

On all pillars a rectangular block 1is to be
constructed at the upper end whose length 1is equal to
the length of the diagonal of the foot of the pillar.
At the lower end the rectangular block will have length
equal to 3%, 4, 5 or 6 times of the 1length of the
diagonal. In the middle of the pillar there must be a
rectangular block of length equal to the length of the
diagonal of the pillar at the middle. The remaining
parts may be done in the shape of octagon (ettupattam).
Otherwise, the whole portion of the pillar may be done

in the shape of circle, octagon or sixteen-side (sddhasa

pattom).
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26

The three types of pillars in the shapes of
circle, octagon and sixteen-sides are to be done with
their lower half in rectangular shape or with a
rectangular block at their lower ends having length equal

to the length of the diagonal of the foot of the pillar.

27

When the pillar is too tall, its breadth is to
be taken as 1%, 1% or 2 times of the respective pillar
which is defined above. The breadth is to be increased
upto the middle of the pillar or upto a height of the
adhistana or 1% times of the height of the adhistana.
In this way, the pillar is to be constructed with granite
or fried bricks using the prescribed quantity of ‘'cunna'.
In some cases this is to be done from top to bottom or

upto the middle of the pillar.

28

If there 1is only one v&jana on the beam the
rectangular block in the middle of the pillar is avoided.
In the case of patr&ttara or beam with a small v&jana,

the rectangular block at the middle is auspicious. On
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pillars which are meeting the patrdttara and vajandttara,
ornamentations of muthupatta, kuzhitdra, valaya etc, are
to be constructed. All parts of the house below and
above the beam (uttara) are to be done according to the

nature of the main beam.

29

The width of the pbtika 1is the average of the
widths of the beam and the upper end of the pillar or
it may be the width of the pillar at the middle. The
thickness of the podtika will be half of its width. The
length of the podtika is equal to 3 dandu, 4 dandu or 5
dandu or it may be equal to 3 times of its width. The
potika may be decorated with vajana and such other
ornamentations and is to placed on the Roop&thara of the

house.

30

If the beam is a patrdottara the above mentioned
potika must have thickness equal to 3/4 of its width.
If it is a khandéttara the thickness must be equal to
its width. All parts, at all situations, are to be done

beautifully.
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31

The appropriate width of the beam is to be
determined according as the rules defined for the
determination of the width of the foot of the pillar.
The width may also be determined by 8, 16, 12 or 6
angulas. The beam with equal width and thickness is
called khanddttara and 1is auspicious. The beam having
thickness 3/4 of its width is known as Patrdéttara and
considered madhyama and when the thickness is half of

its width is named as Roopdttara and is adhama.

32

In some cases, the width and thickness of the beam
may be done in the reverse order. Such beam is known
as chuli (choozhika). Since it is 1in an inclined

position, the rafters are fixed on it directly.

33

If there 1is only one vajana on a beam then it is
divided into 5 parts. The upper patta is to be done by

2 parts and the lower patta by the remaining 3 parts.

34

If there is the alpavajanam also on a beam then
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the mahavajanam (small vajanam) by 1 part and the
remaining 4 parts will constitute the lower pattam when
the thickness of the beam is divided into 8 equal parts.
{(The inward projection of the mahavajana and alpavajana

is to be done by 1 part.)

35

When the thickness of the beams are divided into
5 parts, the mahavajana is to be done by 2 parts, the
small vajana by 1 part and the pattam is to be done by
the remaining parts beautifully. If the thickness of
the beam is divided into 4 to 11 parts, the shift of the
two vajanas 1is to be done by 1 part, accordingly. In

all other cases, the rules for vajana are the same.
36

Then the potika is to be placed on the top of the
pillar. The upper end of the pillar projects upward
through the hole on the potika. The beam is placed on
this pdtika and is fixed on the protruding end of the

pillar.
37

Then an wuttarappattika known as Chittuttaram of

height equal to the thickness of the beam and thickness
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of half it is to be placed over the beam and is fixed

to it using appropriate wooden pegs.

38

These wooden pegs are to be fixed in the middle
of houses and in koota sutras. All these pegs are to
be fixed by shifting them from the central areas by one
yava towards the right side. The gap between the rafters
on the beam are to be determined intelligently. These
pegs are to be fixed in the middle of the interspaces
between the rafters so that the number of pegs will be

odd and the number of rafters will be even on each side.

39

A vajana-beam having thickness 3/4 dandu or more
is to be placed on the main beam. On this vajana-beam,
beams with height 1 dandu and thickness 3/4 dandu are
to be arranged in the crosswise direction on them, short
beams (Jayantis) having thickness equal to half the
height of the beam are to be arranged according to the
nature of the roof of the house. The upper side of the
beams is uniformly levelled and wooden bands of

appropriate thickness are fixed on it without gaps.
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40

Or the ceiling is to be done magnificiently with
decoration like kap&tam, valaru, tulapadam, uruvu, netram
etc. Beautiful pictures and statues of different deities

may be engraved on the ceiling board to make it artistic.

Chapter VI

1

In the case of small houses, only the outer-beam
is sufficient. The Aradam (secondary beam), is also
necessary if the house 1is big. The 4&rddam is to be
placed upon the vigkambham (etavattom) with an inward
shift of 8 angulas, 16 angulas, 24 angulas etc, from the
outer-beam (vardsttaram) so that it satisfies the yoéni,
aya etc, prescribed for the house. The height of the
Aridam from the level of varottara is equal to the shift
of the Aridam and the length of its support is equal to
the hypotenuse of the isosceles right angled triangle
formed by the height. The intermediary space between

the Arudam and the Varottaram is known as the alinda.

The support of the Viskambam is to be done

beautifully with special decorations 1like chippam etc,
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together with vine on it bearing flowers and buds

appearing to be emerging out from it (chippam).

The dip of the rafters (kazhukkol chattam) is
determined by 2/5, 4/9, 3/8, 3/7, 1/3 or 1/2 of the
length of the pillar. Anyone of these may be adopted

accordingly.

Divide the height of the pillar below the level
of the prescribed dip of the rafter into 6 to 11 parts.
Subtract or add one part from or to the dip as
prescribed in the case of determine the height of the
pillar. In some cases, this may be done by subtracting
1, 2, 3, 4, 5, 6, or 7 angulas. The dip may be done on

either side of the house as equal or unequal.

The dip of the rafter may be determined by 1, 1%,
2, 3, 4, 5, 6, or 7 times of the width or thickness of
the uttaram (beam). When the house annexed to other

houses, the dimensions of the rafters, vamata, fillet
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etc, may be reduced accordingly. Uttara (beam) 1is the
most important part of a house and therefore it should

not be cut into pieces.

Rafters which are straight and having the same
lengths and widths are known as 'nérmanju' (common
rafter). Rafters having different 1lengths and widths
placed in slanting positions are called k&ti (hiprafter)
and upakoti (jack rafter). All the rafters on either

sides of the house must be of the same dimensions.

One end of the hiprafters, jackrafters etc, are
to be fixed on the kita and the straight rafters {(common
rafters) are to be fixed on the 'mdéntaya' (Ridge). The

other ends are to be placed on the Cittuttara properly.

Since the rafters on either sides of the ridge
are fixed on the mdntaya (ridge), it 1is called Vam$a.
The thickness and width of the ridge may be equal to 3/4
of the width of the uttara or they may be determined by

6 or 7 angulas. At the positions of the rafters, the
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patra and vajana are to be made with a measure of 3 or

4 times of the thickness of the rafter.

The kutam is fixed on the pivot at the end of the
hiprafters. The rafters on the sides are to be fixed
on the kutam using iron nails at their ends. The pivot
at the end of the rafter is the basis of the kita and
therefore the base of the kuta must be on the lower side.
In the case of square houses all the rafters will be jack-

rafters or slant-rafters (Alasi).

10

The kitam 1is to be done in the shape of a
'Durdura' flower (Thorn-apple flower) or in a cylindrical
shape, or polygon of 8 sides or 16 sides. This may be
constructed in the shape full-blossomed 1lotus flower.
The lower half must be in spherical shape and its length
will be double the width. Its length may be reduced by
1 part when it is divided into 8 to 11 equal parts in
order. Its middle portion is to be decorated by

constructing ‘'patras' having width of 4 yavas or more.
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11

The perimeter of the kiita will be approximately
equal to the totality of the thicknesses of all rafters
or may be equal to the width of the uttara. This may
be determined in the unit of angula in order to suit the
prescribed yoni conditions. The pattam where the rafters
meet the kuta must be of height equal to the 1line of
vitdna of the hip-rafter. Kitam is an upward directed
element of a house and is decorated with special features
of Patra. The shape and dimensions of the kuta are said

to be as above.

12

In rectangular houses having 1length greater than
the width, the rafters 1like k&ti, upakdti etc, are to
be fixed on the kGta which is fixed on the ridge of the
house. Other straight rafters are to be fixed on the

vamSa (ridge) using iron nails at the ends.

13

If the pivots at the ends of the ridge are screwed
into the holes on the sides of the kuta then this joint

is named 'Ajayudha sandhi'. Here also, depending on the
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nature of the joint, the base of kuta must be on the

lower side.

14

In houses {rectangular) with side elongation
(Mukhayama) the length of the ridge must be equal to that
of the uttara (beam) of the house. The rules regarding
the joins at the ends of the beams will be the same as

those prescribed for the houses.

15

The pivots at the two ends of the ridge are
inserted into the holes on the lower portion of the kutas
and are to be fixed on it using wooden nails. Since the
kuta depends on the montaya (ridge), it will be in the
upside down position. In the same way, the balakutam

also depends on the element above it.

16

In all desired squares, the side below in the
crosswise direction (horizontal direction) 1is known as
'bhuja' (base). The 1line through the corners 1is the

diagonal (karna).
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17

On a smooth wooden board or on smooth ground
construct a square with its side equal to half the width
of the  house. Draw 1lines parallel to the ©bhuja
representing the height of the cittuttaram, the thickness
of the uttara and the dip of the rafters in descending
order. Determine the positions of the rafters on the

line representing the uttara.

18

Double the number of rafters 1like hiprafter,
slantrafter, Jjackrafter etc, and then subtract one from
this number in all cases. The intermediary spaces
between the koti, upakoti, and slant rafter are
determined by two parts each and one part near to the
vertical side of the square. This kind of representation
of the positions of the rafters are recommented by all

sistras.

19

In this way the positions of the slant rafters
are determined on the 1line of beam. Then the lines
through these points joining the kiita and dip-line will

determine lengths of the corresponding rafters.
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20

In all houses the width of the straight rafter
(common rafter) will be equal to the width of the uttara
(beam) or it may be determined by adding or subtracting
/8, 1/7, 1/6, 1/5, 1/4, or 1/3 of width to or from it.
Or it may be done by 2, l%/

the wuttara. The thickness of the rafter may Dbe

or l% times of the width of

determined by 1 angula to 6 angula, each time increased

by 1 yava successively.
21

Consider a square with side as the width of the
common rafter (Manju). Mark a point on the bhuja
representing half the length of the diagonal of the
square. The 1line joining this point and the terminal
end of the koti (vertical side) will give the width of
the hiprafter. The widths of each of the slant-rafters
is given by the lengths of the 1lines joining the upper
end of the koti and the corresponding positions of the
slantrafters on the bhuja. On either sides of the
rafters three lines like dwaja line etc, and plumb line

etc, are to be constructed.
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22

Divide the width of the rafter into 9 parts and
the dwaja sutra is to be drawn in the middle of the
rafter on both sides such that 5 parts are above and the
remaining 4 parts are below the dwaja sutra. Or this
may be drawn in such a way that 4 parts are on the upper
side and 3 parts are on the lower side of this 1line.
It may also be determined such that 3 parts are above
it and 2 parts are below it when the width is divided

into 5 parts.

23

On either side of the dwaja sutra (line) draw two
lines parallel to it at a distance of 2 angula from it.
The widths of the rafter below and above these lines are

to be determined properly.

24

On both sides of all rafters construct squares
of sides 4 angula on the dwaja siitra. The diagonals of
the square are known as vertical 1line (Tuku rekha) and
horizontal 1line (vitana). These lines are to be drawn

at the positions where the vala (collarpin), the beam,
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the ridge etc, meet the rafter. They are to Dbe
constructed at the ends of the rafters where the rafters

meet the kiita and vamata.

Chapter VII

1

In the case of small houses, Cuzhika (slant beam)
may be used in the construction of roof. But viskambam
(vittam) must be 1in even number. The ridge 1is to be
placed on the pillar of 1length equal to the semiwidth
of the house. The pillar is placed at the centre of the
vittam. The length of the pillar may be reduced by 1/7,
/8, 1/9, 1/10 or 1/11 of its length. The rafters are
to be placed on the Cuzhika (slant beam) with their other

ends on the prescribed ridge.

The width of the vamata 1is determined by 6/10,
7/10, 8/10 or 9/10 of the width of the beam. Or it may
be defined by 3/4 or 3/7 of the width of the beam. Its
thickness is 1/3 of its width. It may also be determined

by 2/5 of its width.
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If the width of the vamata is divided into 5 parts
then the upper pattam is done by 2 parts, the td@lam by
2 parts and the lower pattam 1is done by 1 part.
Similarly, when it is divided into 6 parts then the upper
pattam is done by 2 parts, the talam by 3 parts and the
lower pattam by 1 part. If the width of the vamata is
divided into 8 parts then the above parts may be done

by 3 parts, 4 parts and 1 part respectively.

Divide the width of the vamata at the paryanta
(Tumbu vamata) into 5, 7 or 9 parts. On all sides, the
level of the vamata along the vitana is to be raised by
3 parts according to the rule of koti-karma and is fixed
at the ends of the rafters. A light wooden board known
as 'tuvanapalaka' is to get fixed along the edge of the
vamata by the expert craftman. This is to be done

carefully after performing Vayavya-homa.

The vala (collarpin) is to be done in square shape

with thickness from 14 yavas to 3 angulas increasing by
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2 yavas at a time. The thickness of vala is defined in
6 ways by the sages. Of these, the appropriate thickness

may be accepted depending on the width of rafters.

The width of the pattika (reapers) is determined
by 17 yavas and its thickness is the measure of 9 vavas.
The space between the pattikas (reapers) is 63/4 of its
thickness and these are to be fixed on the rafters using

iron nails.

In all houses, for covering the roof using tiles
the pattika (reapers) 1is to be fixed on rafters as
prescribed above. In some cases, thick wooden boards
are used instead of pattika and fixed on the roof with
nails. On these wooden boards sufficient grooves are made
in order to fix the tiles on them properly. In the case
of temples, palaces etc, if copper plates are used for
thatching, to protect from heavy rainfall, then there

is no need of groove on them.

The turban of the Grhapurusa 1is known as the

Apidhinam (end). It is to be placed upside down on the
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roof . The width of the Apidhanam is to be 1/2 or 3/4
of the height of the foundation and its thickness is

equal to the height of the paduka.

The doors (openings) to the ankana are to be
placed in such a way that their central 1line coincide
with the centre of the space between the central axes
of the houses and ankana. Their perimeters in terms of
angulas must be auspicious with respect to yoni, aya.,
vyaya etc, prescribed for each side from east onwards.
The width of the door-frame will be equal to that of the
beam and the thickness will be equal to or half of its
width or 1 part 1less than the width when it is divided
into 3 or 4 parts. On the door-frames decorations of
vajana etc, are to be constructed properly. There must

be 'patis' at the lower and upper ends of the frame.

10

The lower pati (Cettupati) of the door will have
thickness 1 part greater then the thickness of the frame
when it is divided into 3 or 4 parts and without
decorations of v&jana. The thickness of the upper-pati

(Kurumpati) must be the same as that of the thickness
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of the frame. The upper ends of the door-frame are to
be extended to meet the beam placed above them. The
inner-perimeter of the door must have the respective
yoni, aya etc, prescribed for each side. The width of
the door is to be determined by subtracting the desired

length from the semiperimeter or by gunam$a method

(Multiple division method).

11

Then the 'Kurumbappalaka' is to be placed upon
the upperpati (Kurumpati) of the door. It is decorated
with the images of Gan&§a, Srikrishna, Mahalakshmi and
such others together with pictures of different birds

carved on it beautifully according to the situations.

12

If the wall is too thick then it is divided into
12 parts and consider the line which separates the parts
into 7 parts inside and 5 parts outside of it. The door-
frame is to be placed with its central line coinciding
with the above 1line. In some cases, one more pati 1is
placed upon the upperpati (Kurumpati) and above it wall

is constructed using granite and mortar or mud.
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13

In houses where the innerperimeter is considered
important and walls of much thickness, they may be
constructed strongly along the outer edge of the paduka
{without the inward shift). The positions of door-frame
and beam are to be shifted outward upto the prescribed
limits of the wall and placed properly according to the

conditions of axes of houses and ankana.

14

Each of the two shutters of the door 1is to be
constructed with its width equal to half the sum of the
width of the door and thickness of the shutter. The
thickness of the shutter may be determined by 2, 2%, 3,

3% or 4 angulas.

15

There must be pivots (hinges) at the 1lower and
upper ends of the door. SGtrappattika (Blinding reaper)
and a metal ring for holding the shutter are to be fixed
on the shutters. Copper or iron strips are to be fixed
on the door both in lengthwise and crosswise using nails
with their nuts in the form of buds and flowers.

Further, the image of the face of Mahalakshmi and part

of moon (Candrakala) may be done on the door to make it

beautiful.
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16

The width and thickness of the slitrappattika
(blinding reaper) are determined by 1 part of the width
of the opening when it is divided into 4 to 8 parts. The
thickness may be fixed as 1/2 or 3/4 of the width of the
sitrappattika. Its length (height) will be equal to the
length of the door. It may be decorated with an odd
number of (3, 5, 7 etc,) projections in the shape of
breasts, images of Ganesa, Srikrishna, Mahalakshmi

resting on the lotus flower, muthumala etc, on it.

17

The shutter on the left side of the door is called
the mother and the sGtrappattika is to be fixed on it.
The right side shutter is known as the dJdaughter. The
shutters in all the doors are defined 1like this. Then
the ‘'arama' (matiyan) is to be constructed with height
equal to 1/3, 1/4, 1/5 or 1/6 of the height of the door
and its width and thickness equal to 1/4, 1/5, 1/6 or

1/7 of its height.

18

The bolts (saksha) are to be made with 1length

equal to 1/4, 1/5, 1/6. 1/7 or 1/8 of the width of the
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door. Its width is defined as 1/6, 1/7 or 1/8 of its
length and thickness is equal to half of its width. Two
rectangular blocks where projection 1is equal to the
thickness of the bolt are to be constructed at the ends
of the bolts. These bolts are fixed on the arama through
the grooves at their 1lower and upper ends such that the
rectangular blocks on the bolts will be on either sides

of the arama.

19

The lower bolt (saksha) is to be placed on the
mother-shutter and the upper bolt on the
daughter-shutter. Then the ‘'arama' (matiyan) 1is to be
fixed on the inner side of the door using nails with its

centre is just above the centre of the door.

20

It is considered auspicious to have the
door-frame, shutters etc, made of the same kind of
timber. If they are done by different kinds of timbers
then according to some acaryas, the ladies residing there

will be of bad character.
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21

If the door 1is having only one shutter then it
must be placed on the left door-frame. The arama is to
be fixed on the opposite frame 3just below or above its
centre. The bolt of this 'arama' 1is to be done in
circular, octagonal or rectangular shape. The door may

be fastened using strong chain also.

22

Divide the length of the house into 11 or 13 parts
by 10 lines and 12 lines respectively. Then the outward
door is to be placed in such a way that its centre

coincides with the 6th or 7th

line on the right side of
the house. This is to be done in accordance with their
appropriate yoni, aya etc, prescribed for each house.

If there 1is only one shutter then it must be fixed on

the left side with respect to the exit of the house.

23

The main door which is used for the transportation
between the ankana and outside is to be placed upon the
paduka. If the corner-house has wall then the width of
the antardla (alinda) is to be so chosen that when it

is multiplied by 4 gives a perimeter of appropriate yoni.
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24

The patippuras (gdpuras) or the large entrances
to the house are to be done at the positions of
Puspadanta, Ballata, Indra and Grahakshata at a distance
of 4, 5, 6 or 7 dandus from the centre of the ankana.
These 1large entrances and eight other small entrances
may be constructed at positions where the region is
higher than the surroundings. These patippuras may be

done with upstairs together with projection on it.

25

The padas (positions) of eight small patippuras
(gate-house) are defined for houses of nman. They are
at the padas of P&rjanya, Brumsa, Pusavu, Brnga,

Dvarapidla, Sosan, Naga and Aditi.

26

The véedika for sitting is to be constructed, on
both sides of the entrance, above the foundation of the
gopura. The height of the v&dika may be determined by
the width of the pillar at the entrance or by 1/6, 1/7
or 1/8 of the height of the pillar or by the height of

the pati or by 1%, 2, or 3 times of it. Upon the vé&dika
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there must be pillars in even number and on either side
walls are constructed with beams on it. The width of
the beam may be equal to the width of the pillar or it

may be equal to half or 3/4 of it.

27

The required shift in the position of vedika may
be incorporated in accordance with the order of
patramana. The shift of the vedika from the edge of

uttara is defined by 2%, 3 angulas etc, in order.

28

According to some scholars, védika is to be done
using the same materials which are used to construct the
wall and foundation of the house. In all houses, it is
seen that, the vedika is done by materials 1like stone,
fried bricks, mud etc, or by different kinds of timber.
As in the case of garbhagrha, when the yoni is determined
with respect to the inner perimeter, the door-frame |is

to be placed upon the ankana-paduka or below the pati.

29

The number of pillars below the beam, rafters etc,

must be of even number and the number of interspaces
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(gaps) between them must be of odd number. It will be
inauspicious if the 1lengths of interspaces exceed 1 kol

(hasta) and it will provide calamities.

30

The east-house 1is prescribed for Puja, sacrifice
etc, and the north-house is defined for family members.
These two may be interchanged. The south-house is
utilised for reception of guests and the west-house |is
used for storage of wealth. These may be used in the
reverse order. The remaining spaces of these two may

be used for sleep and study.

31

The region is divided into 100 padas, 81 padas
or 64 padas (squares). Then the portion at the centre
comprising of 16 padas 9 padas or 4 padas respectively
will form the ankana. The surrounding two envelopes of
padas will be the space for the construction of houses.
The outermost envelope provide the space for cattle-shed,

kalappura, well etc.
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32

The Kalappura (barn house) will be done on
southern side and the grain-house may be constructed on
the southern side or in the Nirrti corner. Then the
treasury-house may be built on north, east, or west side
or at the signs of Simha, Vrscika, Tula or Karkilaka and
at all positions which are defined for the grain house.
If necessary, the grain-house may be constructed at all

positions which are prescribed for the wealth house.

33
'Gosala' (cow-shed) may be constructed at the
positions of 1Indra, Varuna and in the antaradlas of
Vitatha and Plusavu. It may be done at the padas of

parjanya and jayanta and 1in the anteralas of kusumadanta
and dvarapala. In the case of the Mahisalaya, it may
be done at the positions of Brunga and Sdsa or on the
south side. The ox-shed must be made on the south side.
In all these constructions the vastumarmas and stlas are

to be avoided.

34

Some acaryas are of the view that on all sides,

the passage for cows across the karpa stGtra (rajju) is
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not auspicious. For cowsheds, vrsa yoni is the most
auspicious and Simha yoni is inauspicious. The Karanas
of Simha, Puli, %Sunaka (dog), Gardabha (ass) etc, are

to be avoided in the construction of cowsheds.

35

Kitchen 1is prescribed at the padas of Parjanya
and Agni or it may be at the signs of Mesha, and Etava
or at the Vayu corner. Dining hall is wished to be at
these positions itself or at the sign of Makara and on
west side also. The house for entertainment is to be
constructed at the signs of Kumba and Makara and at the
Vayu corner, If necessary, this may be done at the signs
of Etava and Mésha. Similarly, the grinding house 1is

to be done at the vayu'corner.

36

Well at the Meena sign (rasi) 1is defined to be
the most auspicious. This will increase wealth in all
ways. Well at the signs of Mésha and Kumba will provide
prosperity and at the signs of Makara and Etava will
provide immense wealth. It is auspicious at the padas
of Apa and Apatvalsa. It may be constructed at the pada
of Indrajit also. Well on west side 1is auspicious

whereas at the V&yu corner is not good for women.
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37

Well at the Antariksapada is prosperous.
Similarly, a lake 1is defined at the padas of Mahéndra,
Mahidhasu, and Varuna, on the sides of Sdma and $Siva and
at the sign of Mé&sha. It is seen that the lake is done
at Vayu corner or Nirrti corner. It is not auspicious
to use the water from the same tank for bathing and
drinking. Therefore, if there is no river passing by
them water for bathing and drinking 1is to be c¢ollected

separately.

38

If the construction of well and similarly, of lake
have been completed previously at the Agni corner, then
they will cause difficulties from fire etc. The tank
on the south side will also provide the same results.
Some acaryas consider it inauspicious to have lake 1like
'dirghika' etc, on the southern side of the gramas
(village) etc. In a similar way, the presence of park,
holes of snakes etc, in the immediate vicinity of the

houses are not auspicious.

39

In the houses of Kings and Brahmanas, the house
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for daily worship is to be done in the ankana and the
installation of the dharmadéva (deity of the family) etc,
are to be done at the positions of Isa, Indra, Agni and
Varuna. The buildings like temple etc, at the positions
of 1Isa, Indra, Agni and Yama are to be done with
perimeters of Keé&tu y&ni and from Nirrti to Isa corner

they are to be done in Vrsa yoni for prosperity.

40

The temples of family-kuladevatas are to be done
with Ké&tu yoni from Isa corner onwards and with Vrsa yoni
from Nirrti corner onwards, They must be faced towards

the positions of houses, puram, pattanam, nagaram, grama

etc.
41
Images of deities may be installed in some houses
without the prescribed combination of its parts. There

are two types of deities, namely, temporary and permanent
depending on their varying and nonvarying nature and on

the nature of offerings made to them.

42

For Kings, the chamber for enjoyment is to be done

at the Mitra pada and the house for entertainment is to
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be constructed at the Vayu corner. The house for
exercise is made at the Arggala pada and at the Nirrti
corner. Bathrooms and such others are constructed at
Parjanya pada and dining hall is to be done at Indra pada
and Varuna pada. Nityasdla is to be made at Gandarva
pada and the arsenal must be done at the Nirrti corner.
Chambers for sleeping are to be made at the Grahaksata

pada and on the east side.

43

It is said to be auspicious to have the compound
wall outside the boundary 1limit constructed with stone
or mud properly. A trench along this limit is considered

Madhyama and a fence using the branches of trees is

adhama. For making the fence branches of thorn-trees,
vines, bamboo etc, may be used. Any one of these may
be accepted depending on the wealth conditions. Then

the trees prescribed for each side are to be planted in

order as explained earlier.
44

The &acarya has to get the house completed by the
artisans according to the above rules and at the end of

its construction the silpins must be awarded with
presentations like bracelets, ornaments with jewels on
them etc, to make them happy. After accepting the house

i d
from the %silpins, the acarya together with the owner an
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family must enter the house at an auspicious time
accordingly. The v&stupija and other offerings are to

be performed as prescribed in this connection.

45

At the end of the offerings, the owner of the
house has to propitiate the acarya by awarding him
presentations like cows, earth, gold, feasts etc,
according to his satisfaction and after getting his
permission the house-owner must give presentations to
all for making them happy. Then the grhakarta may live

in the house with pleasure and satisfaction.

khkkkkkkkkk
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GLOSSARY

Adhisthana: Basement of a vimana, mandapa, or similar
structure, forming a distinct architectural feature,
supporting walls and pillars, and consisting of

distinct moulded tiers.

Adharasila: Foundation stone generally used to denote

the lowest part of the support system of the idol.

Alinda: Corridor, varanta, passage.

Alpaprasada: Small temple with the perimeter of the
Priasdda (Srikovil) not exceeding 16 hasta and of

single storey.

Angula: Linear measurement equal to 1/64 of vyama; also

equal to 8 yava. 1 angula is 3 cm.

Ankana: Courtyard

Ankanasitras: Axes passing through the centre of the
courtyard.

Antah3ra: Secondary boundary of temple from prasada.

Antara bhitti: Inner wall of multiple walled prasada

or sanctum.

Antarmandala: The innermost prakdra around the sanctum
usually at a distance of half the width of the
prasada.
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Ara: Room; chamber, the traditional architectural
construction of Kerala in which the walls of the rooms

are constructed in wood 1is called 'ara' and ‘'nira'.

Ardha-mandapa: Pillared hall immediately in front of
the principal shrine or distal half of a mandapa with

two seriate pillars, as in rockcut cave-temple.

Arddhadhika: Ratios of 1length to width which are
obtained by adding % to integers.

AradhoSthara (Aradham): Additional horizontal support
for the rafters between wallplate and ridge; elevated
uttara.

Asiddha: Temple sites in settlements.

Astavarga: 8 x 8 grid: mandika mandala.

Ayama: Elongation; the frontal elongation 1is called
mukhayama.

Ayatacaturasra: Rectangle.

Bahya-bhitti: Outermost wall of a multiple-walled
sanctum.
Bahya-hira: Fourth boundary of the temple from the

prasada.
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Balivattam: Envelope containing the offering stones
(balikkal).

Bhadra: Land located at the side of sea, river or 1lake
with good resource of water and facilities for

cultivation.

Brahmanabhi: Focal point of a vastumandala, where the

two slitras intersect.

Brahmasitra: The west-east axis of a mandala.

Chitra-p&tika: Corbels with embossed carving or painting

of creepers, flowers etc.

Cuttampalam: The covered corridor enclosing the shrine-
room located 1 dandu away from the shrine-room; also

called nalampalam.

Dandu: Linear measurement equal to 4 hasta (96 angula},

the unit in the proportional system of measurement.

Dhimra: This is an inferior variety of arid site.

Eaves: The lowest part of the roof. It is the section

formed by the rafter ends, plate, and cornice.

Gable: The gable roof consists of two inclined planes
which meet in a peak over the centre line of the house

and slope down to two opposite root plates. At the



288

two ends are triangular sections of wall <called

"gables" or "gable-ends", hence the name gable roof.

Gajaprstha: Combination of square and semi-circle; the

rear side of an elephant.

Garbhagrha: Shrine-cell or cellar.

Grhavastu: Architecture of residential buildings.

Gala, griva: Neck, wusually the clerestory raising up
the roof with light and air openings (Nasikas) on its

sides.

Hasta: Enthropometric linear measurement equal to length
of arm; the standard and most commonly used hasta 1is
24 angula and is called kigku; 8 types of hastas
varying from 24 angula to 31 angula with variation
of 1 angula are known by different names; the names

for hasta are kara, bhuja, aratni, kol.

Hip: When the roof slopes down in four inclined planes

to four plates, it is called a hip roof.

Isadnakhanda: The sector of I%a, the north-east sector;

also called manusyakhanda.

I§;adIrgha: Desired length, selected length.
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Kadalakakarna: Successive inward offsetting or
corbelling of the roofing slabs or brick courses over
walls to reduce the space to be roofed over to an
ultimate small opening top that can be covered by a

slab overlapping like a banana bunch.

Kalasa: The pot of the lower portion of the finial.

Karnasilitra: Diagonal axis of a mandala.

Katapayadi notation: A system of representation of
numbers., In this system the consonants (vyanjanas)
beginning with ka, ta, pa and ya represent the digits
from 1. Pa to ma stand for 1 to 5 and ya to ha
represent digits 1 to 8. m and n denote O. In the
case of conjunct consonants, the number denoted only

by the 1last consonant is taken and the vowels

following consonants have no value. The vowels not
preceded by consonants represent 0. The letter 1
represents 9. In this system the arrangement of the

digits 1is from right to left (ankanam vamato gati).

Kavu: Sacred grove, for the worship of gods like Kali,

Ayyappan, Serpents etc.

Khangdéttara: Uttara having equal width and thickness
is called khanddttara.

Kila: Wedge.
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Ksétravastu: Architecture of temple.

Kita: Pendant: solid wooden piece to which tip of all
the rafters of a kogta type of roof or the top ends
of slanting rafters and the end of ridge of a sabha

type of roof are connected.

Kuthampalam: Temple theatre for performing arts.

Madhyama: Medium.

Madhyahara: Third boundary of a temple comprising the
dipamala.
Mahd@marma: Sensitive node when 4 sttras intersect 1in

a mandala.

Mandala: Demarcated area; region, generally circular.

Mandapa: Open or closed pillared or astylar hall.

Manusydlaya: House for human beings.

Manugyapramana: Measurement system based on the size

and proportions of human body.

Marmav&dha: Intersections with vulnerable points.

Maryada: Fifth boundary of a temple; outermost prakdra.



Matra: Module of

Mixed.

Mi‘sra:

Namaskaramandapa:

for namaskara.
Natyasdla: Halls
Navavarga: 9 x 9
N&pathya: Makeup
Oma: Basal pitha
Pada:
Padma:

Lotus,

Parivara devatas:

Linear measurement equal to 8 angula;
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measurement.

Pavilion in front of the prasada used

for performing arts.
grid, paramas3ayikamandala.
room, aniyara.

of pillar or pilaster.

pillar.

capital-member below the phalaka.

Subsidiary deities in a temple.

Patr&ttara: Uttara having thickness 3/4 of the width
is called Patrottara.

Patta: Plain or decorated band.

Pattika: Projected top slab of the platform or
adhistana, or wooden reaper.
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Pidadhika: Ratios of length to width which are obtained
by adding % to integers.

Paddna: Ratios of 1length to width which are obtained

by subtracting % from integers greater than 1.

Padduka: Ground course, the lowest part of the adhistana.

Phalaka: Abacus, moulded capital of pillar supporting

the corbel, or potika.

Pinjara: Wooden roof-frame.

Poorna: These types of sites are located on top of

plateaus or in the mountain valleys.

PStika: Corbel bracket over pillar.

Pran&la: Spout projected to discharge water.

Prasdda: Sreekovil or vimana.

Prastara: Entablature, consisting of mouldings over

walls and pillars, viz, the uttara (beam).

Pitch: The 'pitch' of a roof is its slope.

Pija: Adoration; sacrifice to the deity, offerings and

other rites.
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Rafters: These are the structural members of the roof.
Common rafters or straight rafters run from ridge to
plate at right angles to the wall. The hip rafters
run from the exterior corners of the plate to the ends
of the ridge. Framing into the hips are shorter
rafters, running from plate to hip rafter, called jack

rafters.

Rajju: Linear measurement equal to 8 dandu, literally

means rope; also, the diagonal sitra in a mandala.

Ridge: The peak of the roof. The ridge board or ridge
pole is the member against which the rafters bear.
It forms the lateral tie which holds them together
at that point. In a square house the ridge vanishes

to a point or kootam.

Rapsttara: Uttara having thickness % of the width is
called Rupdttara.

Sala: Rectangular hall with gable roof, in some cases

it represent a courtyard house.

Samatatam: A rectangle with length equal to an integer

multiple of its width.

Sikhara: Roof of the pr&sada, domical, 4 sided with a
single finial, vaulted with many finials on the ridge,

or apsidal with many finials.
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Sligta- Bhinnasala: Catussala with partially separated

and partially combined halls (houses) .
Sopana: Flight of steps.

Srikovil: Used to denote vimana or prasada, the sacred

structure.

Sthapati: One of the four silpins who is the relevent
person in all types of construction, must be a

'*samastakriyapatu’'.
Stidpika: (Stapi) Finial.

Supadma: It is a land located in the plains, suitable

for human habitation and temples.

Sdtragrahi: He must be wellversed in all sdstras,
constructions etc. a student of Sthapati or his son.
Another silpin of the 4 silpins.

Taksaka: The third silpin in the construction of houses.
Tala: Storey of the temple, gopura.

Tdla: A proportionate measure, palm of the hand, modular

unit of dimension in iconography in terms of face
length.
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Taranga: Wave.

Upaplitha: Additional moulded platform or sub-base below
the adhigtana.

Vardhaki: The fourth silpin in the construction of
building.
Vilakkumadam: The structure with several rows of o0il

lamps at the Madhyahara.

Vim8na: Prasada, Srikovil.

Vydla: Leonine figure.

¥Yoni: Architectural formula for orientation, place of

origin.
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