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1.  INTRODUCTION 

The unfinished Rajagopuram at the northern entrance has been an eye sore and 

deep disappointment to the thousands of pilgrims visiting the temple in the last 

several hundred years.  

With the blessings of 

SRI PUNDARIKATCHA PERUMAL,

GODDESS PANKAJAVALLI THAYAR, 

ALWARGAL,  ACHARAYARGAL, 

STHALA ACHARYA PURUSHARGAL,

BUTTERGAL, PANDARIKAL and

SRIVAISHNAVARGAL

We [shri V S Jayabal, DR S Velumani and all our family members] were drawn in 

to reconstruct the rajagopuram for reasons best known to

 

PERUMAL AND THAYAR.

With our earnest prayers to the DIVINE COUPLE seeking their blessings, 

we proceed with the work.
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2.  TEMPLE HISTORY

The Pundarikatcha Perumal temple at Thiruvellarai, a small village 17 kilometers from 

Srirangam, is one of the oldest Shri Vaishnava temples dating back to the Thretha Yuga and 

pre RAMA and Dasaratha period.  Known as NEELIKAVANAM in those days, SRIMAN 

NARAYANA appeared before King Sibi as VARAHA Moorthy and later gave dharsan as 

PUNDARIKATCHA PERUMAL to MAHALAKSHMI THAYAR, Rishi Markandaya and King Sibi. 

The temple was constructed by King Sibi in Thretha Yuga who also brought 3700 vedic 

pundits from his UNDHERVEDHI kingdom [ the present Kashmir and Gangetic plains] for 

the daily, weekly, fortnightly, monthly and annual poojas and festivals. Since then multiple 

prakarams were added. As on today it is a pancha prakara chethra [temple with five 

prakarams] with 16 sannadhis and 5 theerthas [holy lakes].
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Aerial view of the third prakaram

3.  TEMPLE PLAN

Thiru Pundarikatcha Perumal temple in Thiruvellarai has five prakarams and hence called 

pancha prakara chetra. The main sanctum sanctorum where Pundarikatcha Perumal gives 

dharsan is surrounded by first prakaram. From the second prakaram we have to ascend 24 

steps through either utharayana or dhakshinayana entrance, as per the utharayana or 

dhakshinayana periods, to reach the sanctum santorum. 

Thayar sannidhi, Dasavadhara sannidhi, Garudalwar sannidhi, Uyakondar sannadhi, 

Engal alwan sannidhi, Chakkarathalwar sannidhi, Lakshmi Narasimhar sannidhi, Andal 

sannidhi, Periyalwar sannidhi, Anjanayar sannidhi, Nammalwar sannidhi are present in the 

third prakaram.

The fourth prakaram houses the Manavala Mamunigal sannidhi and Ramanujar sannidhi is 

present in the fifth prakaram. The fourth prakaram is surrounded on both inner and outer 

sides by majestic compound walls, measuring as high as 50 to 60 feet in height. 

The proposed Rajagopuram is in the center of the northern compound between fourth and 

fifth prakarams.  

The towers that surmounts the sanctum is generally called the VIMANA and the towers on 

the outer walls or the vestibules are called the GOPURAM. Gopurams and Vimanams speak 

about the artistic development of our culture over a long period of time. Built to be viewed 

from a distance, each Gopuram tells us a story by itself.

The base of the existing Rajagopuram in Thiruvellarai is a one storeyed stone structure.  

Above this stands two storeyed brick super structure. When completed this Rajagopuram 

will have seven storeys and will be nearly 110 feet in height.

8 9
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Existing Gopuram in the Northern Entrance

4.  DETAILS OF THE PRELIMINARY WORK DONE

19th February 2014

We submitted the application form to the Commissioner, Hindu Religious and 

Charitable Endowment Department for permission to complete the incomplete 

Rajagopuram. Shri Dhanabal the then Commissioner guided us to the do the 

construction with ancient lime mortar and not with the present day cement mortar.

Shri V S Jayabal, being an Indian Institute of Technology - IIT - Madras alumni, with 

his national and global contacts got in touch with IIT - Madras the very next day. 

Dr Devadas Menon and in particular Dr Arun Menon of the structural engineering 

department readily agreed to help and guide us technically as they felt an 

opportunity of this magnitude, in terms of length, breadth and height of an existing 

structure to be built with lime mortar technology, is unlikely to be available in the 

near future.  

Since then Dr Arun Menon an UNESCO consultant and coordinator of the National 

Center for Safety of Heritage Structures – NCSHS - took an extraordinary interest, 

has visited Thiruvellarai a few times with his team members to study the 

Rajagopuram in multiple dimensions namely

 CONDITION MAPPING

 TOTAL STATION SURVEY – TOPOGRAPHY/CONTOURS

 GPR AND TRIAL PITS

 RADAR SURVEY ON STONE MASONARY AND BRICK MASONARY

 CORE DRILLING THROUGH STONE MASONARY AND BRICK MASONARY

 COMPRESSION STRENGTH TEST ON EXTRACTED MATERIALS

 CHARACTERISATION OF LIME MORTAR

 STRUCTURAL  ANALYSIS AND ASSESMENT

and gave recommendations on

 RIGID FLOORS /TYING, 

 GROUTING OF KALKARAM, 

 STRUCTURAL HEALTH MONITORING AND 

 QUALITY CONTROL ON MATERIAL SAMPLES

10 11



Existing Gopuram in the Northern Entrance

4.  DETAILS OF THE PRELIMINARY WORK DONE

19th February 2014

We submitted the application form to the Commissioner, Hindu Religious and 

Charitable Endowment Department for permission to complete the incomplete 

Rajagopuram. Shri Dhanabal the then Commissioner guided us to the do the 

construction with ancient lime mortar and not with the present day cement mortar.

Shri V S Jayabal, being an Indian Institute of Technology - IIT - Madras alumni, with 

his national and global contacts got in touch with IIT - Madras the very next day. 

Dr Devadas Menon and in particular Dr Arun Menon of the structural engineering 

department readily agreed to help and guide us technically as they felt an 

opportunity of this magnitude, in terms of length, breadth and height of an existing 

structure to be built with lime mortar technology, is unlikely to be available in the 

near future.  

Since then Dr Arun Menon an UNESCO consultant and coordinator of the National 

Center for Safety of Heritage Structures – NCSHS - took an extraordinary interest, 

has visited Thiruvellarai a few times with his team members to study the 

Rajagopuram in multiple dimensions namely

 CONDITION MAPPING

 TOTAL STATION SURVEY – TOPOGRAPHY/CONTOURS

 GPR AND TRIAL PITS

 RADAR SURVEY ON STONE MASONARY AND BRICK MASONARY

 CORE DRILLING THROUGH STONE MASONARY AND BRICK MASONARY

 COMPRESSION STRENGTH TEST ON EXTRACTED MATERIALS

 CHARACTERISATION OF LIME MORTAR

 STRUCTURAL  ANALYSIS AND ASSESMENT

and gave recommendations on

 RIGID FLOORS /TYING, 

 GROUTING OF KALKARAM, 

 STRUCTURAL HEALTH MONITORING AND 

 QUALITY CONTROL ON MATERIAL SAMPLES

10 11



East prakaram - Before renovation

East prakaram - Before renovation

4th PRAKARAM BEFORE RENOVATION

Three years earlier the fourth prakaram was full of unwanted and harmful thorny 

plants and bushes. There were also trees particularly close to the compound wall 

damaging the foundation. Due to the dense plants and trees the prakaram was 

infiltrated with ants and insects some which were even poisonous, with the result the  

devotees  did not go round the fourth prakaram.

The final IIT - Madras report is enclosed in the enclosure (Page No. 26)

August 2014

The structural engineering team from the National Institute of Technology Trichy 

has studied and submitted their report which is enclosed in the enclosure (Page No. 

83)

January 2015

Shri Kannan the then Secretary to Department of Information and Public Relations 

and Shri K T Narasimhan, archaeological consultant to the Tamilnadu Government, 

has made a site inspection and presented their reports enclosed in the enclosure 

(Page No. 94)

July 2015

The Chief Sthapathy Tamilnadu government has inspected and his report is with the 

HRCE department. A signed copy of the Rajagopuram drawing is enclosed in the 

enclosure (Page No. 98)

December 2015

The HRCE Department gave a conditional approval to the Rajagopuram 

construction i.e. the gopuram may be constructed after obtaining the clearance from 

the IIT - Madras. A copy of the order is enclosed in the enclosure (Page No. 99)

May 2016

A Memorandum of Understanding was signed between Sri Pundarikatcha Perumal 

Rajagopura Thiruppani Committee and National Center for Safety of Heritage 

Structures NCSHS and Indian Institute of Technology, Madras. A copy of the MOU is 

enclosed in the enclosure (Page No. 101)

June 2016

An interim report has been submitted by us.

October 2016

This the final report with all necessary details are submitted

12 13
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 Plinth Protection 

16 feet

18” 18”

seating arrangements

South east prakaram - Before renovation

South east prakaram - After renovation

16 feet width and nearly 2,000 feet long pradhachnam / walking passage was laid 

alround the fourth prakaram. The floor of the above passage was made of unpolished 

granite slabs measuring approximately 6 to 7 feet long,  2½  to 3 feet width and 3 to 4 

inch thickness so that the devotees can go round the temple. On both side of the 

passage 18 inches width seating arrangements were made in a continuous manner 

so that the sevarthees either can sit and relax or can have a short nap.

4TH PRAKARAM AFTER RENOVATION

The trees and bushes close to the outer compound were removed, nicely filled with 

good soil and covered with granite for a width of four to five feet giving an excellent 

plinth protection.

14 15
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South west prakaram - Before renovation

South west prakaram - After renovation
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South west prakaram - Before renovation

South west prakaram - After renovation

16 17



North prakaram - Before renovation

North prakaram - During renovation

North prakaram - After renovation

East prakaram - Before renovation

East prakaram - After renovation
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Thiruvellarai is basically a dry place and keeping this in mind extensive 

arrangements were made for rain water harvesting. Not a single drop of rain water 

falling anywhere in the first four prakarams are wasted, all are collected and diverted 

to various places in the fourth prakaram so that the entire temple complex sub soil is 

recharged with rain water. In addition drip irrigation and sprinkler systems are 

erected for better water management especially in summer months.

A Pushkarini approximately 60 feet x 35 feet dimensions in the north east corner and 

a Ghosala to maintain and grow culturally and religiously important traditional cows 

are in the pipeline. There is a proposed plan to make panchakavyam form the milk, 

curd, ghee, urine and cowdung of the traditional cows which is yet to be approved.

The hitherto unused east and west entrances were cleaned, stone passages were laid 

and ready for use by pilgrims once the north entrance is closed for the gopuram 

work. Further the pilgrims can go round the temple in a pradhachnam [clockwise 

direction] all because of the extensive work undertaken in the last three years in the 

fourth prakaram.

All the above works are a prelude to the gopura thiruppani which is of a broader 

scope and higher importance. 

All these are maintained by two specially trained gardeners one for trees 

maintenance and the other for collecting the thulasi leaves and flowers for daily 

poojas in the temple, both the persons financially supported by the gopuram donors.

600 to 700 multiple varieties of shade giving and fruit bearing trees like ficus 

benghalensis [indian banyan], ficus religiosa [arasa maram], ficus racemosa [atthi 

maram], bassia latifolia [illuppai maram], callophyllum inophyllum [punnai 

maram], coconut tree[thennai maram], syzygium cumini[naval maram] mangifera 

indica [mamaram], aegle marmelos [vilva maram], terminalia catappa- indian 

almond [badam maram] etc  And

nearly 2000 plants belonging to Ocimum tenuiflorum, holy basil [thulasi], East 

indian rosebay, tabernaemontena divaricata[nandhia vattam], Nothapodytes 

nimmoniana [arali ], Jasminum sembac [malligai poo], Mimusops elengi 

[maghilamboo], Nyctanthes tristis [pavalamalli] which can be used for daily poojas 

were planted.

Vilva maram,  sthala virucham,  was planted in a specially erected ornamental stone 

cubicle.
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Picture of the bricks with measurements

Traditional lime mortar preparing arrangement in process

5. RAJAGOPURAM RENOVATION

LIME MORTAR

Lime is produced by burning limestone [Calcium Carbonate Ca Co3] in a kiln at 

temperature > 850° C, which drives of CO2 held within lime to produce Calcium oxide 

CaO, a highly reactive solid named quicklime. CaO on contact with water reacts 

exothermically to produce slaked lime [Ca {OH}2] or hydrated lime or lime putty.  

Lime putty has to be sieved to remove any unburnt/unslaked particles which has 

not reacted or overburnt as these will not carbonate properly. This gradually takes 

up CO2 from air and changes back to Ca Co3, a setting known as carbonation. Lime 

putty mixed with sand makes lime mortar. This then hardens into an artificial stone 

made up of grains of sand embedded in a mass of CaCo3. 

We plan to purchase Lime stone from pollachi. It will be broken down, sprinkled with 

water, powdered, and filtered to remove unwanted/unburnt stones or particles. The 

resultant powder like lime is mixed with sand at a ratio of one part lime and three 

parts filtered sand, grinded and mixed in a rotating grinding stone driven by a motor 

and gear system at a controlled speed and stored for 10 to 15 days. Later they are 

regrinded and mixed with aloe vera – cactus - stem soaked water and vilva [Aegel 

Marmelos]  fruits and will be taken up for construction work. Lime mortar will be 

prepared in the traditional way for which the construction of necessary structures 

are in progress as shown in page no. 22.

WATER

The Cauvery river water will be used for lime mortar preparation and other related 

construction activities.

BRICKS

Bricks are specially manufactured in Coimbatore at predetermined dimensions - 

length, width and breath – for use.  Unlike the present day bricks, the bricks 

manufactured as above with smaller dimensions have better mechanical properties 

and higher compressive strength as is evident from the enclosed brick testing report 

in page no. 106. Strength testing will be done for randomly selected bricks in each 

lot.  A picture of the bricks showing various dimensions is shown in page no. 22
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I. PREFACE:
 

Mr. V.S. Jayabal and his family members, representing the Sri Pundarikatcha Perumal Rajagopura 
Thiruppani Committee (SPPRTC), intend to complete the hitherto incomplete Rajagopuram with 
two tiers in Sri Pundarikatcha Perumal Temple in Thiruvellarai to a seven‐tiered Rajagopuram. In this 
connection, SPPRTC had approached IIT Madras on 20th  February, 2014  for guidance  them in the 
construction of the Rajagopuram using traditional technology, assisted by modern tools for 
structural diagnosis and material testing.  In the last two years, IIT Madras  has been conducting 
basic investigations such as condition mapping and assessment, including core cutting and strength 
evaluation, geotechnical studies including soil testing at different depths, etc. to ascertain 
foundation stability and structural stability of the existing two tiers.   The Department for Tourism, 
Culture and Religious Endowments, Tamil Nadu in their order no.: 266 dated 19.11.2015 has given the 
conditional approval to construct the Rajagopuram subject to the IIT Madras clearance.  

 The current document provides a summary of the technical investigations that have been 
carried out by IIT Madras, through the agency of NCSHS.  The significant findings of the study on 
the feasibility of construction of the new floors are reported here.  The document also provides an 
overview of the technical recommendations for the project.  

 
II. METHODOLOGY OF STUDY:

 
The current section provides an overview of the methodology followed for the structural and 
geotechnical investigations aimed at assessing the feasibility of additional floors in

 
the 

Rajagopuram.
 (1)

 
Topographical Survey:

 
 

A total station survey of the site, and specifically the area where the structure is situated 

 
to develop a topographical survey map

 
at 1:400 scale.  This component of the work was a 

 
feeder to the current study, and was executed by an external agency.  The total station 
survey also provided the coordinates of the existing structure.  This information was used to 
verify the existing drawings of the structure.

 (2)
 

Condition Mapping:
 The existing condition of the incomplete Rajagopuram was documented with the aim of 

recording the existing structural distress and material deterioration, and past additions or 
interventions.  For details, refer to Plates

 

in Appendix‐1: P1‐P3, E1‐E3 and PP1.  The structure 
does not show any signs of severe structural distress, except in the stone beams inside the 
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structure, on either side of the walkway, and at the two levels within the kalkaram.  The 
damaged stone beams have been supported by brick walls introduced later.  The damaged 
stone beams require replacement.

 

(3)

 
Ground Penetrating Radar Survey

 
and Foundation Trial Pits:

 

The details of the soil bearing capacity and standard characteristics of the soil were available 
through previous investigations conducted by the SPPRTC through the agency of NIT, 
Tiruchirappalli.  In the study by IIT Madras, with the information from the contour mapping 
from the topographical survey, trial pits executed on the northern and southern sides of the 
structure, and Ground Penetrating Radar (GPR) surveys executed at the site, it became 
evident that the structure was completely founded on the bedrock.  The deduced cross‐
sectional profile of the structure is reported in Plate

 
E3

 
in Appendex‐1.  The GPR sections are 

also reported here, which were calibrated with the information from the two trial pits.
 

(4)
 

Radar Survey on Stone Masonry and Brick Masonry:
 

Radar surveys were conducted on the stone masonry load‐bearing walls of the kalkaram
 

and
 

the brick masonry load‐bearing walls of the upper levels.
  

These load‐bearing walls are 
typically three‐leaf constructions with weaker core material.  The radar survey was used to 
estimate the thickness of the outer leaf of the walls before carrying out any extraction of 
material from the walls for laboratory testing.  

(5) Wall Morphology Reconstruction: 

A essential constituent of the structural studies is the morphology of the load‐bearing walls 
of the structure, both in terms of configuration and residual strength.   Cores were extracted 
from the load‐bearing walls in both the stone masonry level and the brick masonry levels.   
These cores provided an indication of the thickness of the outer leaves of the three‐leaf 
masonry and also provided an opportunity to examine the quality of the masonry across the 
load‐bearing cross section.  Details of the five (5) cores through the stone masonry walls and 
the three (3) cores through the brick masonry walls are reported in Plates  in Appendix‐2.   

(6) Compressive Strength Tests on Extracted Materials:  
Compressive strength tests were conducted on the granite cores extracted from the stone 
masonry walls and on the four (4) brick masonry wallettes extracted from the upper brick 
masonry levels.  A summary of the test results are reported here.  This information formed a 
critical input to the structural analysis of the Rajagopuram.

 
 

Table 1: Direct compression test results under
 
dry condition

 

S. 
No.
 

Designation
 

h/d 
ratio

 

Failure 
Load (kN)

 

h
 (mm)

 

d
 (mm)

 

Mass
 (grams)

 

fc
 (MPa)

 

Corrected fc as per 
IS 1121 p.1 ‐

 
1974 

(MPa)
 1

 
D1
 1

 

12.6
 

25
 

24.5
 

31
 

26.73
 

26.73
 2

 
D2
 

5.7
 

25
 

24.5
 

29
 

12.09
 

12.09
 3

 
D3
 

18.1
 

25
 

24.5
 

30
 

38.39
 

38.39
 4

 
D4
 2

 

13.9
 

50
 

24.5
 

58
 

29.48
 

33.25
 5

 
D5

 
24.1

 
50

 
24.5

 
59

 
51.12

 
57.65

 6

 

D6

 

16.9

 

50

 

24.5

 

56

 

35.85

 

40.42

 Average Ultimate Compressive Stress

 

excluding D2

 

(MPa)

 

39.28

 Standard Deviation excluding D2

 

(MPa)

 

11.55
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Table 2: Compression test results on brick masonry wallettes

 

 

(7)
 

Characterisation
 

of Lime Mortar:
 

In a parallel study at IIT Madras, the original lime mortar from the structure has been 
characterised

 
to determine the constituents, and provide prescriptions for the new mortar 

to be used in the restoration works.
  

The test results on the lime mortar are beyond the 
scope of the current document. 

(8) Structural Analysis and Assessment 

A structural model of the Rajagopuram was developed to study the behaviour of the existing 
structure and the expected response with the addition of the proposed floors to complete 
the structure. A non‐linear finite element 3D model of the structure was developed, as 
shown in the figure below, with parametric study including the range of material strengths, 
presence and strength of core material (or infill)  in the three‐leaf masonry walls, thickness of 
the outer leaves of the three‐leaf masonry and presence of a rigid floor diaphragm.   The 
model was studied under gravity forces and lateral forces induced by wind and earthquake.   
Details of the different configurations considered and results of the analyses are reported in 
Appendix‐3.  

 

 Figure 1: A 3D view of the structural model developed to perform structural analysis
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stress, Fm
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Correction factor
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Fm

   

(MPa)

 

1
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2.8125

 
0.8375

 
2.19

 

2
 

1.6
 

2.5000
 

0.8000
 

1.28
 

3
 

3.46
 

3.6360
 

0.9208
 

3.19
 

Average Ultimate Compressive Stress (MPa)
 

2.22
 

Standard Deviation (MPa)
 

0.95
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III. SIGNIFICANT CONCLUSIONS:

 

(1)

 

Satisfactory structural response under gravity loading

 

has been observed under the 
following structural conditions in the proposed structure

 

with the additional floors:

 

a.

 
The

 
original stone masonry level, i.e.

 
kalkaram,

 
is retained;

 

b.
 

The original
 

first and second brick masonry levels are
 
retained;

 

c.
 

All portions above the second brick masonry level are dismantled;
 

d.
 

The four additional levels are added as per the architectural design proposed by the 
stapathi; 

 

e.
 

The brick masonry in the newly added portions are considered to be solid clay 
brickwork in lime mortar;

  

f.
 

The core of the stone masonry level is consolidated; and
 

g.
 

Rigid diaphragm action is established at all the floor diaphragms with the 
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 IV. SIGNIFICANT RECOMMENDATIONS:
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Grouting of Core of Stone Masonry Level:

 The core of the three‐leaf stone masonry level, i.e. kalkaram, has to be grouted in order to 
consolidate the core.

  
A combination of lime and pozzolanic cements (e.g. PPC or slag 

cement) should

 

be used with the aim of reducing Portland cement

 

content in the grout.

  

The 
structural

 

study has shown how the integrity of the core masonry is crucial to satisfactory 
performance of the structure under gravity and lateral forces.

  

In addition, the existing brick 
masonry levels can be grouted with

 

pre‐approved grout mixes that are compatible with 
historical masonry, available in the market.
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Table 2: Compression test results on brick masonry wallettes

 

 

(7)
 

Characterisation
 

of Lime Mortar:
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to determine the constituents, and provide prescriptions for the new mortar 

to be used in the restoration works.
  

The test results on the lime mortar are beyond the 
scope of the current document. 

(8) Structural Analysis and Assessment 

A structural model of the Rajagopuram was developed to study the behaviour of the existing 
structure and the expected response with the addition of the proposed floors to complete 
the structure. A non‐linear finite element 3D model of the structure was developed, as 
shown in the figure below, with parametric study including the range of material strengths, 
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Details of the different configurations considered and results of the analyses are reported in 
Appendix‐3.  

 

 Figure 1: A 3D view of the structural model developed to perform structural analysis
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Ultimate compressive 

stress, Fm

 
(MPa)
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Correction factor

 

as per IS 
1905

 
‐

 
1987

 
(MPa)

 
 

Corrected 

 

Fm

   

(MPa)

 

1

 
2.62
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0.8375

 
2.19

 

2
 

1.6
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1.28
 

3
 

3.46
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0.9208
 

3.19
 

Average Ultimate Compressive Stress (MPa)
 

2.22
 

Standard Deviation (MPa)
 

0.95
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(2)

 

Tying Masonry Walls and Provision of Rigid Diaphragm:

 

Structural analysis has shown that the role of a diaphragm

 

is crucial in ensuring stability 
against lateral forces.

  
It is therefore prescribed that all the floor slabs of the new 

construction, and
 

the slabs for the existing
 
brick masonry levels

 
should structurally designed 

and executed in reinforced concrete.
  

Continuous RC bond beams will also be required at the 
floor level to tie all the brick masonry walls together

 
to the RC slabs.

  
All reinforced concrete 

elements should be structurally designed and executed with stainless steel reinforcement 
bars, with strict quality control and assurance protocol for concreting.

  

(3)
 

Structural Health Monitoring:
 

The entire execution work must be carried out only after installation of a structural health 
monitoring system (SHM).

  
Structural movements

 
causing settlements, deflections

 
and

 

inclinations can be measured and monitored with the help of Ground Settlement Markers 
(GSM), Building Settlement Markers (BSM), tiltmeters and deflection gauges.

  
An external 

agency must be hired to install and periodically record and report on these parameters. 
 

SHM will ensure safety of the technical personnel and labour during investigations and 
execution, and will provide necessary indication of unacceptable levels of structural 
movement.  Crack width gauges must also be installed in locations of the structure where 
pre‐existing cracks have been noticed. 

(4) Quality Control on Material Samples: 

The structural materials to be used in the restoration work, namely clay brick units, lime 
mortar, concrete and stainless steel should be periodically tested  with a strict quality control 
(QC) and quality assurance (QA) protocol.  Test reports submitted to IIT Madras  in order to  
ensure that subs‐standard or inadequate material are not being used.   
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 National Centre for Safety of Heritage Structures (NCSHS)
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MATERIAL PROPERTIES 
 
 
 

 BRICK BRICK INFILL GRANITE GRANITE INFILL RCC* FLOORS* LINTELS* 

Compressive Strength (MPa) 2.62 0.2 4 0.4 ‐ ‐ ‐ 

Modulus of Elasticity (MPa) 800 200 2200 550 22360 50000 50000 

Poisson's Ratio 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

Tensile Strength (Mpa) 0.2 0.1 0.2 0.1 ‐ ‐ ‐ 

Fracture Energy Mode I (Compression) (N/mm) 4.2 0.4 6.4 0.64 ‐ ‐ ‐ 

Fracture Energy Mode I (Tension)(N/mm) 0.012 0.012 0.012 0.012 ‐ ‐ ‐ 

Specific Weight (kN/m3) 19 15 24 19 24 21 24 

Table 1: Material Properties adopted in the numerical models 
 

*Assumed as linear elastic materials in this numerical model 
 

 

CONFIGURATIONS 
 

In accordance to results obtained by performing coring on the granite walls of the temple at various 

locations, two possible thickness are assumed for the solid granite walls of the structure. On the basis 

of these assumed thickness , two configurations are defined as: 

· CONFIGURATION 1 assuming 90 cm thick granite walls. 

· CONFIGURATION 2 assuming 45 cm thick granite walls. 

 
 

These configurations are again organized into sub configurations on the basis of the assumption if the 

infill that exists between the solid leafs of both the brick as well as the granite is considered a structural 

material. Alternately, the infill is also considered in one sub configuration as just contributing to the load 

acting only. The resulting sub configurations are: 

· SUB CONFIGURATION A  

· SUB CONFIGURATION B  
 

CONFIGURATION A considers the infill material of both the stone and brick masonry to have some 

contribution towards carrying the loads of the structure. They are considered as materials having 

material properties summarised in Table 1. Thus in this configuration, the infill has contribution to both 

the load acting as well as the strength. 

CONFIGURATION B considers only the weight of the infill of masonry. This is done by distributing the 

load of the infill material to the floors bearing their load in the form of point mass elements. Thus the 

infill in this configuration has a contribution to the loads acting but no contribution to the strength of 

the structure (Figure 1). 
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Figure 1: Point mass elements simulating the weight of the infill material 
 

The different numerical models corresponding to various configurations of the structure which are 

addressed in this report are tabulated in Table 2. 
 

Table 2: Summary of configurations corresponding to each numerical model. 
 

 GRANITE THICKNESS NATURE OF INFILL 

CONFIGURATION 1A 90 cm STRUCTURAL 

CONFIGURATION 1B 90 cm ONLY LOAD 

CONFIGURATION 2A 45 cm STRUCTURAL 

CONFIGURATION 2B 45 cm ONLY LOAD 
 
 

For ease of understanding in this note, the different existing levels of the temple are numbered as 

illustrated in Figure 2. 
 

 

Figure 2: Numbering of existing floors of the temples as different levels.  
 

 

CONFGURATION 1A 

PRESENT and PROPOSED 
No significant tensile damages and hence critically weak sections of the structure cannot be identified in 

these configurations. 

 

LEVEL 2 

LEVEL 1 
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ADDITIONAL OBSERVATIONS 
 

· No damages due to compressive stresses can be observed in any of the configurations. 

· Damages are reported in terms of damages due to tensile stresses. The same is represented in 

terms of contours showing the distribution of principal strain S1. The range of contours in each 

figure shown in this note remains the same corresponding to each material i.e. the same range 

for brick masonry and the same range for stone masonry. 

· All configurations not considering the infill as a structural material show significant tensile 

damage in the present state of the structure which is not observed in‐situ. 

National Centre for Safety of Heritage Structures 
Department of Civil Engineering, IIT Madras, Chennai – 600 036 
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  Archaelogist’s Report

Joint Inspection on Shri Pundareekaksha Perumal Temple, Tiruvellarai, Taluk & District 
Tiruchirapalli, By Dr. R. Kannan, I.A.S., Additional Chief Secretary to the Government of 
Tamil Nadu cum Archaeologist and K.T.Narasinhan, Superintending Archaeologist 
(Retd) and Consultant Archaeologist / Conservationist to the Government of Tamil Nadu.

A joint inspection was conducted on Shri Pundareekaksha Perumal Temple, Tiruvellarai 
on     21-05-2015. The aim and main purpose of this joint inspection is to have a critical 
study of the unfinished ancient exposed brick Raja-gopura and to give appropriate 
technical advice to complete this in all respect.

During our joint inspection the following HR&CE officials and a representative of the 
donors were present.
1. Shri. P. Jayaraman, Joint Commissioner / Executive officer of this temple.
2. Shri. N. Siva kumar, Assistant Executive Engineer O/o the J.C. Srirangam.
3. Shri. V.  Nandakumar, Overseer, O/o the J.C. Srirangam.
4. Shri. C. Ramachandran, Representative of Shri. S. Jayapal and Dr. S.Velumani 
(donors).
Before inspecting the Raja-gopura, we have inspected the temple complex. Earlier we 
have jointly inspected this temple and the famous Swasthik Tank on 30-04-2013 and all 
items of conservation works were given in our inspection report. In addition to that the 
following item of conservation works is recommended here under.

1.  There is a flight of steps made with granite stones for Uttarayana and 
Dakshinayana entrances. In between these entrances the pada (wall) portion has got 
beautiful life size stucco bas-relief sculptures. They were retouched in the past with 
cement liquid to strengthen the skin and to fill up the hair cracks. Cement should not be 
used over the lime finish. With the result, facial beauty of the great Pallava sculpture is 
totally lost. In other words the "Lavanya" (charm of the face) which can be seen over the 
cheek of those stucco figures is totally lost. Crowning this some odd colouring is done all 
over those sculptures. Now removal of cement skin is an herculean task because, they 
may develop numerous hair cracks due to rubbing. Therefore, with sharp blade with 
utmost care the existing stronger material has to be scraped. Once the original lines skin 
is exposed, the surface should be given a thin coat with pure lime paste, so that the 
original sculptural charm can be obtained. This has to be done by an expert, who is well 
versed with stucco figures conservation.

2.  The existing cement flooring in ardha-mandapa and maha-mandapa should be 
removed and such portion may be provided granite flooring to enhance the aesthetic 
value of this temple.

3.  For providing a hand railing to Uttarayana and Dakshinayana entrances flight of 
steps, the ancient pada (wall) portion is drilled at regular interval in the past and iron 
hooks are fitted to hold the stainless steel pipe (hand railing). Due to constant pulling of 
the railing the ancient core (wall) has developed visible cracks around each hole. This 
facility can be provided by inserting wooden plugs into the hole in which metal rings can 
be fixed to hold the railing pipe. Such re-arrangement will safe guard the core and 
improve the ancient environ.

4.  All iron sheet doors may be replaced with temple type wooden doors.

5.  To control the bats nuisance, a herbal medicine is made by Smt. Jayanthi of 
Srivilliputtur. She may be approached to do the needful.

Raja-gopura:-

This temple has got an ancient and gigantic "Misra" type of unfinished Raja-gopura in 
exposed brick architecture right at the main entrance, on the top of the flight of stone 

steps. Even after several centuries, it is physically in good condition, despite no 
conservation or preservation having been done till date. As usual, it is built with good 
quality of dressed granite stones up to prastara (kalkaram) level. Above which the super 
structure (tiers) is made of well burnt different size bricks. Unfortunately, it is unfinished 
and only first two talas (tires) were built. It with stood all sort of ravages till date and is fit 
for further addition.

The HR&CE department is very keen to construct the remaining talas (tires) of this 
unique ancient Raja-gopura. Shri. S. Jayapal and Dr. S. Velumani of Coimbatore have 
come forward to finance this noble work. How to proceed further on this has to be decided 
by the competent authorities based on these following technical expert 
recommendations.

1. The existing ancient stone structure's physical strength and its load bearing 
capacity has to be ascertained by using modern equipment and technique, before 
deciding the number of talas (tires) that has to be added over this old base.

2.  The existing stone adhistana total width in east-west is 23.20 Mts, out of which the 
main entrance open space is 13.6 Mts. In the first tala span in east-west is 10.55Mts and 
tala (tier) koshta is 4 Mts. The difference Ist and IInd tala reduction in dimension is 1.20 
Mts. In other words, width reduction is 35%. This calculation is based on the 
karnakoshta's width. In all  ancient Gopura construction, this formula is being adopted 
by the Sthapathys. This is done in a very simple way by making the inner veneer of the 
lower tala (tier) which becomes outer veneer of the upper tala. However, the space and 
reduction percentage may vary on upward talas. The number of the talas is calculated 
following this arithmetic calculation in the ancient days. The total number of talas may 
be decided on this principle, so that there will not be any extra head load over the ancient 
stone base.

3. The existing ancient structure (granite / brick) should be thoroughly cleaned and 
given preservative cost. Shri. Venkatesan who did similar treatment in Shri 
Parthasarathy temple, Triplicane, Chennai with herbal materials may be approached for 
this work.

4.  As on date some vegetation is grown over the brick talas (tiers). It should be 
cleaned. before commencing work.

5. The proper approach to reach up to second tala (tier) is originally made at the time 
of construction. Similar facility should be made up to Brahmarandra in the new 
construction.
6.  Seasoned teak-wood should be used for construction of tala roof.

7. Different size of bricks were used for construction for making the existing talas 
(tiers). Similar size bricks should be used in the new construction, so that there will not 
be any deviation in space and strength.

8.  It is up to the competent authority's discretionary power to decide the number of 
talas (tiers).
9. Since the original brick talas (tiers) are made of exposed brick architecture, the 
addition also should follow the same principle.

10. The combination mortar should be used for new construction.
 The above-mentioned recommendations are illustrative and not an exhaustive 
one.

 (K.T. Narasimhan)                   (Dr. R.Kannan I.A.S.)
Consultant Archaeologist / Conservationist   Addl Chief Secy cum Archeologist.
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the railing the ancient core (wall) has developed visible cracks around each hole. This 
facility can be provided by inserting wooden plugs into the hole in which metal rings can 
be fixed to hold the railing pipe. Such re-arrangement will safe guard the core and 
improve the ancient environ.

4.  All iron sheet doors may be replaced with temple type wooden doors.

5.  To control the bats nuisance, a herbal medicine is made by Smt. Jayanthi of 
Srivilliputtur. She may be approached to do the needful.

Raja-gopura:-

This temple has got an ancient and gigantic "Misra" type of unfinished Raja-gopura in 
exposed brick architecture right at the main entrance, on the top of the flight of stone 

steps. Even after several centuries, it is physically in good condition, despite no 
conservation or preservation having been done till date. As usual, it is built with good 
quality of dressed granite stones up to prastara (kalkaram) level. Above which the super 
structure (tiers) is made of well burnt different size bricks. Unfortunately, it is unfinished 
and only first two talas (tires) were built. It with stood all sort of ravages till date and is fit 
for further addition.

The HR&CE department is very keen to construct the remaining talas (tires) of this 
unique ancient Raja-gopura. Shri. S. Jayapal and Dr. S. Velumani of Coimbatore have 
come forward to finance this noble work. How to proceed further on this has to be decided 
by the competent authorities based on these following technical expert 
recommendations.

1. The existing ancient stone structure's physical strength and its load bearing 
capacity has to be ascertained by using modern equipment and technique, before 
deciding the number of talas (tires) that has to be added over this old base.

2.  The existing stone adhistana total width in east-west is 23.20 Mts, out of which the 
main entrance open space is 13.6 Mts. In the first tala span in east-west is 10.55Mts and 
tala (tier) koshta is 4 Mts. The difference Ist and IInd tala reduction in dimension is 1.20 
Mts. In other words, width reduction is 35%. This calculation is based on the 
karnakoshta's width. In all  ancient Gopura construction, this formula is being adopted 
by the Sthapathys. This is done in a very simple way by making the inner veneer of the 
lower tala (tier) which becomes outer veneer of the upper tala. However, the space and 
reduction percentage may vary on upward talas. The number of the talas is calculated 
following this arithmetic calculation in the ancient days. The total number of talas may 
be decided on this principle, so that there will not be any extra head load over the ancient 
stone base.

3. The existing ancient structure (granite / brick) should be thoroughly cleaned and 
given preservative cost. Shri. Venkatesan who did similar treatment in Shri 
Parthasarathy temple, Triplicane, Chennai with herbal materials may be approached for 
this work.

4.  As on date some vegetation is grown over the brick talas (tiers). It should be 
cleaned. before commencing work.

5. The proper approach to reach up to second tala (tier) is originally made at the time 
of construction. Similar facility should be made up to Brahmarandra in the new 
construction.
6.  Seasoned teak-wood should be used for construction of tala roof.

7. Different size of bricks were used for construction for making the existing talas 
(tiers). Similar size bricks should be used in the new construction, so that there will not 
be any deviation in space and strength.

8.  It is up to the competent authority's discretionary power to decide the number of 
talas (tiers).
9. Since the original brick talas (tiers) are made of exposed brick architecture, the 
addition also should follow the same principle.

10. The combination mortar should be used for new construction.
 The above-mentioned recommendations are illustrative and not an exhaustive 
one.

 (K.T. Narasimhan)                   (Dr. R.Kannan I.A.S.)
Consultant Archaeologist / Conservationist   Addl Chief Secy cum Archeologist.
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Shri. Rajaraman - HR&CE Secretary, Shri. V S Jayabal, 

Shri. Pon Jayaraman - Joint Commissioner, Srirangam, Dr S Velumani

Shree Pundarikatcha Perumal Temple, Thiruvellarai

Sarva Veda Parayanam NOV 2015
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6.6 COPY OF HRCE APPROVAL ORDER6.5 COPY OF RAJAGOPURAM DESIGN SIGNED BY CHIEF STHAPATHI
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6.9  BIODATA OF ENGINEERING CONSULTANT

Arun Menon is Assistant Professor of Structural Engineering at the 

Civil Engineering Department of IIT Madras. He received his PhD in 

Earthquake Engineering from University of Pavia, Italy.

He has 15 years of exposure to the field of seismic engineering and his 

research interests include seismic behaviour of masonry structures, 

restoration of heritage structures and seismic risk assessment. He is 

currently coordinating the efforts of National Centre for Safety of 

Heritage Structures (NCSHS), IIT Madras. He is member of Bureau of 

Indian Standards Panel for Masonry, CED 46:P7and Convener, 

Working Group for Draft Code: “Seismic Retrofit of Structures: 

Masonry Buildings” in CED 39:Earthquake Engineering Sectional 

Committee.
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Biodata of Shri. Kumaragurubaran, Sthapathi

- Approval from HRCE Department
A post graduate diploma in temple arts holder from Alagappa University, Karaikudi, 

Shri. Kumaragurubaran is a HRCE Department approved Sthapathi for which 

documentary supports are provided herewith. In addition, a partial list of his 

renovation works has also been enclosed herewith.
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Biodata of Shri. Kumaragurubaran, Sthapathi

- Renovation works undertaken
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4th Prakaram

Before renovation, the red line 

shows the existing pilgrimage 

path in an incomplete circle. 

Only upto Vasantha mandapam 

& back not enabling the 

Vasantha mandapam Perumal 

purapaadu (normally in May) to 

come in a full circle. 

The renovation works started in 

August 2014 and completed in 

May 2015, enabling Vasantha 

mandapam Perumal purapaadu 

to come in a full circle.

The renovation works further 

continued until 2019 to pave the 

16 feet Granite pilgrimage path 

to about 1600 feet.

The arrow mark in red color 

shows the clockwise direction 

and the yellow color shows the 

anti-clockwise direction.

 Vasantha Mandapam 

Latitude : 10.9565° N

Longitude : 78.6697° E

Sea Level : 115 Meters 


