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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.






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].



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.



Existing Gopuram in the Northern Entrance
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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

GPRAND 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

YV V ¥V ¥V ¥V V V V

and gave recommendations on

> RIGID FLOORS /TYING,

> GROUTING OF KALKARAM,

> STRUCTURAL HEALTH MONITORING AND

> QUALITY CONTROL ON MATERIAL SAMPLES

11



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



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.

East prakaram - Before renovation
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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.

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 feetlong, 2% 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.

16 feet

14



South east prakaram - After renovation
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West prakaram - After renovation
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South west prakaram - After renovation
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North prakaram - Before renovation

North prakaram - After renovation
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East prakaram - After renovation
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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, sthalavirucham, was planted in a specially erected ornamental stone

cubicle.

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.

20



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.
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Picture of the bricks with measurements
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5. RAJAGOPURAM RENOVATION

LIME MORTAR

Lime is produced by burning limestone [Calcium Carbonate Ca Cos] 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 COz2 from air and changes back to Ca Cos, 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 CaCos.

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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ENGINEERING CONSULTANT

Dr. Arun Menon, a doctorate from the University of Pavia, is at present Assistant
Professor of Structural Engineering at the Civil Engineering Department, Indian
Institute of Technology - IIT - Madras. Known for his wonderful work in restoration
of heritage structures notionally and internationally, Dr. Arun Menon is
coordinating the efforts of National Center for Safety of Heritage Structures - NCSHS
- IIT - Madras. He is a member of International Council On Monuments and Sites —
ICOMOS - and an UNESCO consultant. His biodata is enclosed in the enclosure
(Page No. 109)

STHAPATHI

Shri. Kumaragurubaran, a well known and TN HRCE department approved
sthapathi, hails from a traditional family of well informed sthapathies in the last few
generations. His deep involvement in the given job, his knowledge of the silpa
sashtras, high skills level in lime mortar work, his nearly 50 dedicated team
members knowledgeable in gopuram construction especially with lime mortar have
made us chose him as our sthapathi and we have formed an agreement with him. A
copy of the agreement and a copy of his biodata are enclosed in the enclosure (Page

Nos. 110 and 114 respectively)

QUALITY MAINTENANCE SERVICES
At pre-determined intervals as per the IIT - Madras guidelines, quality check will be
done on the raw materials and reports will be sent to IIT - Madras for their scrutiny

and guidance.

LIGHTNING ARRESTER
We plan to install a state of the art lightning arrester which is capable of recording
even a mild apparently unharmful lightning strike. It also has the capacity to record

lightning strikes of varying intensities.
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6.1 IIT - MADRAS FINAL REPORT
*
National Centre for Safety of Heritage Structures
Department of Civil Engineering, IIT Madras, Chennai- 600 036

TITLE: Summary of Findings

Structural Feasibility of Adding of Additional Floors in Raja Gopuram
PROJECT: Restoration of Raja Gopuram

Sri Pundarikatcha Perumal Thirukovil, Thiruvellarai
PREPARED FOR: (1) Sri Pundarikatcha Perumal Rajagopura Thiruppani Committee

(2) Commissioner, Department of HR&CE, Government of TN
REFERENCE: (1) TN No.: 1719/1414 T5 dated 15.12.2015

(2) Letter received from Joint Commissioner, Srirangam
Department of HR&CE, Government of TN
(3) MoU between IIT Madras and SPPRTC dated31 May 2016
SITE VISIS ON: 01 May 2014, 11-12 September 2015, and 31 October 2015
VISITED& REPORTBY: Arun Menon, Satyadhrik Sharma, Hareesh Haridasan
Shibu Samson, Elesh Lakhani, Namitha Chacko

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 hadapproached IIT Madras on 20" 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, |IT 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

. h d Mass fc Corrected f.as per
> Designation h/d Failure MP IS 1121 p.1-1
No. | D¢*'8 ratio | Load (kN) | (™M) | (mm) | (grams) | (MPa) T

(MPa)
1 D1 12.6 pL 24.5 31 26.73 26.73
p) D2 1 5.7 25 24.5 29 12.09 12.09
3 D3 18.1 25 24.5 30 38.39 38.39
4 D4 13-9 50 24.5 58 29.48 33-25
5 D5 2 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

S. No Ultimate compressive H/t Corr:e;:g::fga;;cera:ager IS Corrected Fn,
S stress, Fm (MPa) ratio L)
1 2.62 2.8125 0.8375 2.19
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

(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 consid ered and results of the analyses are reported in
Appendix-3.

RIGID ELEMENTS
INFILL

BRICK MASONRY

STONE MASONRY

Figure 1: A 3D view of the structural model developed to perform structural analysis
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111.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:

d.

)
C.
d

The original stone masonry level, i.e. kalkaram, is retained;

. The original first and second brick masonry levels are retained;

All portions above the second brick masonry level are dismantled;

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

stapathi;

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

The core of the stone masonry level is consolidated; and

Rigid diaphragm action is established at all the floor diaphragms with the
introduction of structurally designed reinforced concrete (RC) floor slabs and bond
beams in the masonry.

(2) For the aforementioned configuration, satisfactory performance has been observed under
the combined action of gravity load and earthquake load, corresponding to the Maximum
Considered Earthquake (MCE) as per IS: 1893 p.1 (2002), for seismic zone 2, importance
factor 1.5 (monumental structure) and response reduction factor of 1.0.

(3) Hence, the addition of the four levels in order to complete the Raja Gopuram appears to be
feasible, provided the recommendations in the following section are adhered to.
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Figure 2: Capacity of structure under combination of gravity load and lateral force in the
(L) stronger (East-West) and (R) weaker (N-S) directions of the structure
(MCE: Earthquake demand; NI - normal infill, SI - stronger infill, WI — weaker infill)

IV.SIGNIFICANT RECOMMENDATIONS:

(1) 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 sag
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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(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
(QQ) and quality assurance (QA) protocol. Test reports submitted to 11T Madrasin order to
ensure that subs-standard or inadequate material are not being used.

Dated: 02 September 2016
Arun Menon
Assistant Professor
Structural Engineering Laboratory, STR-202

Convener, National Advisory Board
National Centre for Safety of Heritage Structures (NCSHS)

Department of Civil Engineering, IIT Madras, Chennai- 600 036, TN
E-mail: arunmenon@iitm.ac.in; Phone: (0) 044-2257 4299; (M) 99629 34559
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National Centre for Safety of Heritage Structures

Department of Civil Engineering, IIT Madras, Chennai- 600 036

MATERIAL PROPERTIES
BRICK | BRICKINFILL| 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 | (Compression) (N/mm) ) 0.4 6.4 0.64
Fracture Energy Mode | (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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National Centre for Safety of Heritage Structures
Department of Civil Engineering, IIT Madras, Chennai- 600 036

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 45cm 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.
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i
National Centre for Safety of Heritage Structures
Department of Civil Engineering, IIT Madras, Chennai- 600 036

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.
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(Letter No.1719/1414/D5/Dated 19.02.2014)
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13" August 2014

Department of Civil Engineering
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Tiruchirappalli — 620 015




FEASIBILITY STUDY ON CONSTRUCTION OF RAJAGOPURAM OVER
THE EXISTING KALHARAM AT SHRI PUNDARIKATCHA PERUMAL
TEMPLE, THIRUVALLARAI

1. INTRODUCTION _

The authorities of Arulmigu aranganathaswamy Temple Srirangam have decided to construct
seven tier Rajagopuram over the existing kalharam at the entrance of the Sri Pundarikathcha Perumal
Kovil at Thiruvellarai.

The Joint Commissioner, Arulmigu Ranganathar Temple, Srirangam Trichy, vide letter
No.1719/1414/D5 dated 19.02.2014 has requested for the technical expertise report, about the
feasibility of the construction of new seven tier Rajagopuram over the existing structure(Kalharam)
in the entrance of Sri Pundarikatchaperumal Kovil , Thiruvellarai, from the National Institute of
Technology Tiruchirappalli — 620 015.

The scope of work is not limited to and include inspection of the incomplete Raja Gopuram at
Shri  Pundarikatcha Perumal Temple, Thiruvallarai, Trichy District and to provide a
feasibility/technical scheme to complete/rehabilitate the construction of Raja Gopuram. This report
presents the details of the inspection and recommendations.

2. INSPECTION TEAM MEMBERS
The following are the members of the team which conducted the few rounds of site visit to
the incomplete Raja Gopuram at Shri Pundarikatcha Perumal Temple, Thiruvallarai on various days.
. Dr. G. Swaminathan, Professor, Dept. of Civil Engg., NITT.

. Dr. K. Baskar, Associate Professor, Dept. of Civil Engg., NITT.

. Dr. K. Muthukkumaran, Associate Professor, Dept. of Civil Engg., NITT.
. Er. S. Kannan, Assistant Executive Engineer, HR&CE, Srirangam

. Er. V. Nandakumar, Oversear, HR&CE, Srirangam

. Shri. Srinivasa Rengarao, Superindent, Thiruvallarai Temple

. Shri. C. Ramachandran, Auditor, 97 North Chithirai Street, Srirangam

3.  DETAILS OF THE BUILDING INSPECTED

Name : Raja Gopuram

Location : Thiruvallarai Temple.

Year of Construction : Date Back to Mythological period (Said to be
older than Srirangam Temple)

Status quo of the structure on the date of inspection

a. Superstructure: At present, an incomplete part of Raja Gopuram exists in the main entrance
of the temple, facing North direction and provided in the main entrance to the temple. The
main and first deck of the Raja Gopuram is constructed with typical RR stone masonry.
Above the first deck, there exists an incomplete brick masonry deck.




b. Foundation: Two open pits were made adjacent to the outer side of the Rajagopuram to
inspect the type of foundation and the resting status. It is revealed that a stone masonry
stepped shallow foundation is employed and is resting at a depth of around 3.0m from the
existing ground level. The foundation is laid over a medium weathered rock with a sand
cushion of 600mm.

Soil Investigation: Two Boreholes were made at the Rajagopuram site. Standard Penetration
Tests were conducted at every 1m interval and soil samples were collected and tested in the
laboratories. Boreholes (BH-01 & 02) were terminated at a depth of 10.0m and 6.0m
respectively below EGL. Ground water table was not encountered within the investigation
depth. Rock core samples were recovered for rock quality estimation. From the field
investigation, it is observed that the encountered soil in borehole one (BH-01/ drilled inside
the temple) up to 1.0m depth is made-up soil (filling soil) and followed by medium to dense
soil up to 3.0m below EGL. From 3.20m onwards a layer of partially weathered
rock/unweathered with RQD values 20 to 60 was encountered up to end of borehole i.e. 6.5m
below EGL. In borehole two (BH-02/ drilled outside the temple) up to 3m depth is made-up
(filling soil) soil with medium compactness and followed by soft disintegrated rock (SDR) up
to 7.0m and then partially weathered rock/unweathered with RQD 20 to 50%.

4. OBSERVATIONS MADE DURING INSPECTION
a. Some kind of distress is observed in the RR stone masonry first deck. It was informed by
the trust board members that the distress was noted earlier and was strengthened using in-
situ reinforced concrete sections at appropriate places.
. It was informed that the RR stone masonry would be a peripheral one and the inside may
be filled with filler materials.
Settlement cracks were observed near southeast corner of the Raja Gopuram structure.

5. CONCLUSION AND RECOMMENDATION
i NITT team studied the construction drawings of the Rajagopuram which are prepared by
S. Natarajan Sthapathy and approved by the temple committee.
Gravity loads and lateral loads were arrived and checked for the stability of the
Rajagopuram and is found to be safe at all the seven tiers. The detailed design calculation
is as attached in Annexure-1

From the analysis, it is noted that the maximum reaction from structure to the foundation
strata below rajagopuram is 48 ton/m>.
iv. Based on the geotechnical investigation, the proposed type of foundation is Raft with
foundation depth of 4.0m from EGL.
The hereditary image of the Raj Gopuram has to be brought out and the team is of the opinion
that restoration/construction can be carried out to bring the Raja Gopuram to its desired form.

(9.4 o b

Dr. K. Baskar Dr. G. Swaminathan
Ass ;iate Professor Associate Professor Professor
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NATIONAL INSTITUTE OF TECHNOLOGY, TRICHY BORING LOG

PROJECT NAME: Gl for the Prog d Rec

tion of Rajag at Shripundarikatcha F I Temple, Tt

Ls

i (inside temple)

LOCATION: Shrig P

pie, 1

COORDINATES:

[MORTH: -

TYPE OF BORING: Rotary Diillin
o L BORING NO: BH - 01

[EAST: -—

DIA. OF BORING: 150mm.

GROUND ELEVATION:

DIA. OF UNDISTURBED SAMPLE: -- DATE COMMENCED: 14.05.2014

DEPTH OF GROUNDWATER TABLE: - Nil

CASING HAMMER WT. & DROP: N. A DATE COMPLETED: 16.05.2014

HAMMER WT. & DROP: 63.5 kg / 760mm

Depth

Sample Sample

Type & Hows e Moisture

Content %

Classification

Number | 30cm

Sand with silt (filling soil)

Medium dense, poorly graded sand

Medium dense, poorly graded sand

Medium dense, poorly graded sand

Partially weathered rock: REC=50% & RQD=20%

Unweathered rock: REC=60% & RQD=40%

Unweathered rock: REC=90% & RQD=60%

LEGEND:

SPT-1:STANDARD PENETRATION TEST & NUMBER
: UNDISTRUBED SAMPLE
: HAND SAMPLE & NUMBER
: ROCK CORE RUN & NUMBER
+ ROCK QUALITY DESIGNATION

+ WATER TABLE

Borehole terminated at 6.5m depth

: ROCK CORE RECOVERY

: SOFT DISINTEGRATED ROCK

+ HIGHLY WEATHERED ROCK

: PARTIALLY WEATHERED ROCK
: UNWEATHERED ROCK




NATIONAL INSTITUTE OF TECHNOLOGY, TRICHY BORING LOG

PROJECT NAME: G for the Proposed Reconstruction of Rajagop

at Shripundarikatcha Perumal Temple, Thiruvallarai

LOCATION: Shripundarikatcha Perumal Ti

ple, Thi m

i (inside temple)

Pe)

COORDINATES: i

TYPE OF BORING: Rotary Drilling

[easT: —

DIA, OF BORING: 150mm.

BORING NO: BH - 02

GROUND ELEVATION:

DIA. OF UNDISTURBED SAMPLE: —

DATE COMMENCED: 17.05.2014

DEPTH OF GROUNDWATER TABLE: - Nil

CASING HAMMER WT. & DROP: N. A

DATE COMPLETED: 19.05.2014

HAMMER WT. & DROP: 63.5 kg / 760mm

Sample
. Type&
Number

Sample
Blows per
30cm

Depth
(m)

Moisture
Content %

Classification

DESCRIPTION

Sand with silt (filling soil)

Medium dense, poorly graded sand with grave!

Medium dense, poorly graded sand

Medium dense, poorly graded sand with gravel

Very dense, poorly graded sand

Very dense, poorly graded sand with gravel

Very dense, poorly graded sand with gravel

Soft disintegrated rock, REC=0 & RQD=0

Unweathered rock: REC=30% & RQD=20%

Unweathered rock: REC=60% & RQD=40%

Unweathered rock: REC=90% & RQD=50%

LEGEND:

SPT-1:STANDARD PENETRATION TEST & NUMBER
UDS  : UNDISTRUBED SAMPLE

H-1 :HAND SAMPLE & NUMBER

R-1 :ROCK CORE RUN & NUMBER

RQD :ROCK QUALITY DESIGNATION

W : WATER TABLE

REC
SDR

Borehole terminated at 10m depth

: ROCK CORE RECOVERY
: SOFT DISINTEGRATED ROCK

HWR : HIGHLY WEATHERED ROCK
PWR :PARTIALLY WEATHERED ROCK
ROCK : UNWEATHERED ROCK
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20 0 0.00 0.00

10 7.5 7.50 3.00
4.75 26.1 33.60 13.44
2.36 15.9 49.50 19.80
1.18 35.3 84.80 33.92
0.6 23.3 108.10 43.24
0.425 35.9 144.00 57.60
0.3 33.5 177.50 71.00
0.15 534 230.90 92.36
0.075 18 248.90 99.56
1.1 ;

20 0 0.00 0.00

10 5.2 5.20 2.60
4.75 30.6 35.80 17.90
206 1 38 73.80 36.90
1.18 48.2 122.00 61.00
0.6 171 139.10 69.55
0.425 29.4 168.50 84.25
0.3 12.2 180.70 . 90.35
0.15 A3.7 194.40 97.20
0.075 . 2 196.40 98.20

3.6

20 0 0.00 0.00

10 18.2 18.20 7.28
475 96 114,20 45.68
2.36 49.5 163.70 65.48
1.18 40.2 203.90 81.56
0.6 8.7 212.60 85.04
0.425 9.3 221.90 88.76
0.3 1.2 229.10 91.64
0.15 13.9 243.00 97.20
0.075 6.5 249.50 99.80

0.5

D10 D30 D60 Cu Cc

017 021 079 4865 156
030 ©L0 . 220 733 091
038 130 610 1342 0.67




61
17.8
37.5
37.3
445

9
11.5
8.4
1.2
6.1
5.7
0
0

3.5
239

1321
12,6




POINT LOAD INDEX TEST

BH. No. |Depth iV Penetratio D*D Is Is
n (mm2) (N/mm2) |(kN/m?)
(mm)

3.00 2401.00 1.04| 1041.233
4.00 2401.00 1.87| 1874.219
4.00 2304.00 1.74]| 1736.111
5.00 2304.00 1.63| 1627.604
5.00 2304.00 1.30] 1302.083
2.00 2500.00 3.50 3500}
5.00 2401.00 4.16]| 4164.931)

SUMMARY OF LABORATORY TEST RESULTS ';'g

Gl for the Proposed Reconstruction of Raiaioﬁuram at Ehﬂgundaﬂkatcha Perumal Temple, Thiruvallarai 5
NATURAL i ___PHYSICAL PROPERTIES GEOTECHNICAL PROPERTI|
Moaisture| Dry Unit| Specific Sieve Analysis Alterberglimit Shear Test ucc

Content| Weight | Gravity % Passing LL Pl SL FSI I.S. = 0] Remarks
% kN/im® #4 | #40 |#200] % % % % Group | kN/m* | Deg. | kN/im®

53 2 SP

98 1 SP

63 1 | SP

92 SP

78 SP

73 SM

87 SP

82 SP

54 SsP




6.3 ARCHAELOGIST'’S REPORT

-ﬁ_ﬁ?:ﬁn': Inépectinn cn  Shri Pundaresekaksha Perumal Temple,
}.ruveiiarai, Taluk & District Tiruchirapalli, By Dr.R.Kannan, I.A.S.,
Additional Chief Secretary to the Governmeant of Tamil Nadu cum
Archaeologist and K.T.Narasimhan, Superintending Archaeclogist
(Retd) and Consultant Archaeologist /Conservationist to the
Government of Tamil Nadu.

; jcint inspeciicn was conducted on Shri Pundareekaksha Perumal
emple, Tiruveliaral on ZJ-CH-ZD‘.E, The zim and main surpese of this joint
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be given a thin coat with pure lime ; . 30 that the original sculptural
charm can be obtained. This has to be ﬁ ane by an exoert, who s weli versed
with stucco figures conservetion.

2. The existing cement flooring in =rdha-mandzpa 2nd maha- -mandapa
should be removed and such porficn mav bes provided granite flooring to
enhance the aesthetic value of this tempie.

3. For providing a hand ra?!ir-g o Uttaravana zend Dakshinayana
entrances flight of steps, the ancient :rt:a (wall) portion is drilied at regular
interval in the past and iron 7ocks are fited o hold the stainless steal oipe
(hand railing). Due fo constant zulling of the r al.:n::, the ancient core (weli)
has developed visible cracks around ezca whole, This facility can Be provided
by inserting wooden plugs into the hole in: ".U{:H metal rings can be fixed to
hold the railing pipe. Such re-zrra; *C'T‘Eﬂt wiil safe guard the core ang
improve the ancient environ. i

4. All iron shest doors may be repiaces with tempis fype wo

5. To centrol the bats nuisance, 3 her
of Srivilliputtur. She may be approzct
Raja-Gopura:-

This temple has got en zncient apd ziganti fisra™ vpa of Uniing
Raja-gopura in exposed brick aren tectire rigl.— the main ﬂﬂtranc&a, c:-n na
top of the flight of stone zrﬂ:}:. yen =fter saveral centuriss, i is physically
in good conditicn, dﬂsr.-;te nc 1Se! ¥ o tion :“:av.n" besn'Cong
till date. As usual, it is buiit .’-Jlth cuglity of dreszed graﬂi:e stc".es gptc
prastara {kalkaram) lzvei. Above w .Z T ,- iIcture {tiers) is made of
well burnt different size bric ! 2ly, it i 3.1 Ei"‘ﬂ only frst
two talas (tiers) were built. It with stoo S0rT O rages il date 2nd is
fit for further addition.

The HR&CE department is very keen o construct the ramaining taizs {tiers)
of this unigue ancient Qaﬁ gopura. Shri.S.Jayanal 2nd Dr.S.Vetumani cf
Coimbatore have come forward t© I for this poDiz wosK. How.1o

proceed further on tnis has to be secided by the compstent authorifies

based on these foliowing technics! excert racommendations.




> The existing ancient stone Structures physical strength and its load

anng €apacity nas to be ascertzinad by using modern equipment and
techaigue, befors deciding the nuTber of talas (Hers) that has to be added
ovar this old bacse.

2. The ﬂxsztn.g stone adhisntana total width in east-west is 23.20 Mts, out
f which the main entra Gpan space is 13.60 Mts. In the first tala span in
a-:t west is 10.55 ala (tler) koshta is 4 Mts. The difference between
ist znd lind talz red in dimeansion is 1.20 Mts. In other words, width
reduction is 35 fa. is caicuiation is ba ss:c on the karnakoshta’s width. In all
encient gopura consi:r!_:c:i n, this formula is being adopted by the
stnapatnys. Thic is done in 2 very 3.n*DrL way by making the inner veneer of
e lowar talz {i:ier} which beccmes oufer veneer for the upper tala.
-”.""»er the srace znc reduction percentage may vary on upward talas.
: S is calculatad foliowing this arithmetic calculation in the
L2l number of teles '”'s‘w be decided on this principle, so
V£ r the ancient stone base,

{n

rr iR El-"

&

structir2 igranite/brick) should be Lhcrmughw

rvative cosi. Shri.Venkatesan, who did similar
' cempia, Triplicane, Cnennai with herbal
g W,
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Simiiar facilivy should made up to
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& for construction of tala roof,

- construction for making the existing
- he hsad r“ Jw "ew construction, so

5. It is uo te the competent suth Criy's discrationary power to decide the
312 rﬁﬂ._.v- .r‘-- -;li—;s =




8. Since the original Drick taiszs ilers) =rs made of 2xposed brick
architecturs, the addition aiso shouid ¢liow thg same orinciple.

10. The combination mortar should e ussed for new constructic

The above menticned recommencailions ars iilustrative and not an

exhaustive cne. s

L?,.A. H p Wﬁg'ﬁ_,f}@\ ’z_ﬁt:}

(K.7.Narasimhan ’1,;);:. [ Bri2.Kanaan, LAS.
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Consultant Archaeclogis / nservationist gl "he: Secy cuin ATCh GEE GG::H..




Archaelogist’s Report

Joint Inspection on Shri Pundareekaksha Perumal Temple, Tiruvellarai, Taluk & District
Tiruchirapalli, By Dr. R. Kannan, [.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. Alliron 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
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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.KannanI.A.S.)
Consultant Archaeologist / Conservationist Addl Chief Secy cum Archeologist.
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6.4 HR&CE SECRETARY REPORT
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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 ORDER
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6.7 COPY OF MOU WITH NCSHS and IIT - MADRAS

Memorandum of Understanding

between

SRI PUNDARIKATCHA PERUMAL RAJAGOPURA THIRUPPANI COMMITTEE
Represented by
Shri V.S, Jayabal
Foundry Engineer
Residing at
35 Lalbahadur Colony, Peelamedu, Coimbatore-641004

National Cenier for Safety of Heritage Structures (NCSHS)
Indian Institute of Technology Madras
Chennai, India
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This Memorandum of Understanding is entered into between Sri Pundarikatcha Perumal
Rajagopura Thiruppani Committee, represented by Shri V.S. Jayabal, Foundry Engineer, residing ai
35 Lalbahadur colony, Peelamedu, Coimbatore-64100 (hereinafier referred to as “SPPRT
Committee ) and the President of India, acting through the National Centre for Safety of Heritage
Structures, Indian Institute of Technology Madras, an autonomous institute under the Minisiry of
Human Resources Development, Government of India (hereinafter referred to as “IITM ") of 'he
other part;

The expression "SPPRT Committee” and “IITM" may hereinafier individually be referved 1o as
“Party” and collectively as “Parties”,

Whereas

. =Shri V.S. Jayabal and his family members decided to complete the hitherto incomplete
Rajagopuram with two tiers in Sri Pundarikatcha Perumal Temple in Thiruvellarai to a seven-
tiered Rajagopuram. They further decided to construct the remaining tiers with the ancien
construction technology namely using lime mortar without the cement etc. and also 1«
construct the remaining tiers with the same architectural pattern as is present in the exisiing
two tiers, constructed approximately 700 to 800 years ago.

Shri V.S. Jayabal has approached Dr Arun Menon in IIT Madras. learning aboul his
knowledge. skills and interest in conservation of heritage structures, to help and guide then
in the construction of the Rajagopuram on 20" February, 2014,

Since then Dr Arun Menon in the last two years has been conducting basic investigation.
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 with his team members. Sitc
surveying and soil testing were outsourced.

. 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 Hindu Religious and Charitable Endowments
(HRCE) Department’s letter no. 1719/1414/D5 dated 15.12.2015 is provided as an anncxure
to the Memorandum of Understanding.

. Shri V.S. Jayabal has understood the magnitude of the project in its various dimensiors and
would like to go ahead with the construction as per the religious rules. Tami! (e
Government’s Hindu Religious and Charitable Endowments (HRCE) Deparimen.
regulations, repeating the same architectural pattern of the existing two tiers and usc this
project as an educational tool to the present day archaeology and civil engineering students us
and when needed.

In the above scenario Shri V.S. Jayabal has requested NCSHS to participate in an-zdvison
capacity in the restoration of the 7-storied ~800-year old Rajagopuram at Sri Pundarikatcha
Perumal Temple at Thiruvellarai near Tiruchirappali (the “Project™). \J <
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7. The restoration of the Rajagopuram will be carried by out by the “SPPRT commiltee " by the
family funds of Shrimathy G. Ranganayaki, Shri S. Narayanaswamy, Shri V.S. Jayabal and
Dr 8. Velumani and from donations if any.

IITM through the agency of NCSHS is agreeable for the same to undertake the Projeci or o
pro bono basis (except expenses related to travel and living allowances) under the terms and
conditions contained herein.

NOWTHEREFORE for good and valuable consideration the Parties hereto agree as follows:
1. Scope

1TT™ will provide technical assistance for the Project in the
(1) The selection of construction materials;

Quality control for lime mortar and bricks to be used in the construction: Only limited ceiine
will be conducted at laboratories in [TTM and all routine tests will have o be outsourced v
their costs borne directly by SPPRT Committee;

Residual strength estimation and structural assessment for existing portions of the nasoar,
and proposed portions of the Rajagopuram: These tests and structural analysis will be
conducted at laboratories in ITTM or with field equipment from [TTM;

Liaising with the structural engineering for the project on structural anaiysis, strengthoring
design and new construction design for the Rajagopuram; and

(5)  Such other matters as may be agreed between the parties in writing from time to time.

2. Responsibilities
(a) The SPPRT Committee shall
(i) Provide access to all places in the temple that is required for inspection and review @ the
work provided that due care is taken during inspection; and
(ii) Provide ail inputs together with all available material, drawings. etc.;

(b) SPPRT Committee will bear all costs of travel, boarding and lodging expenses of [ITM icam
members relating to 11ITM’s work.

(c) I'TM may make any publication in relation to the work executed and the Project.
(d) SPPRT Committee may make any publication/leaflet/presentation in print or electronic mediz
about the nature of the construction to sensitise the public about the religious valuc

architectural / heritage significance and the ancient Indian construction methodology.

3. Equipment
Equipment and material will be provided by the SPPRT Committee.

M/




Page 4 of 5

4. Intellectual Property
Any know-how, discovery or patentable invention generated as a result of this project will be the
Joint property of II'TM and SPPRT Committee. If such discovery is patentable, the patents will
be jointly filed by II'TM and SPPRT Committee. Terms and conditions regarding licensing of
these rights for commercialization shall be governed by a separate agreement.

5. Confidentiality Obligation
Each Party shall keep confidential and not use, for any purpose not contemplated hereunder. all
proprietary information disclosed by the other Party, directly or indirectly. Any discoveries.
inventions or know-how resulting from the project shall be kept confidentially for a period of
three (3) years from the date of termination of this Memorandum of Understanding, except as
authorized in writing by other Party or provided herein.

6. Financial Aspects
(a) Travel, boarding and lodging expenses of IITM team members related to 1ITM’s work will be
borne by SPPRT Committee.

7. Validity
This Memorandum of Understanding will be valid till the completion of the Rajagopiram:
and Samprokshanam from the date of signing of this MOU which wili be 36 months.

8. Termination of the project
This agreement may be terminated if both Parties agree at any time and the Project Accounts
settled as on the date of termination. No penalty clause is tied up to the project execution.

9. Force Majeure

IIT Madras shall not be held liable for any loss, damage, delay or failure of performance.
resulting directly or indirectly from any cause, which is beyond its reasonable control (Force
Majeure). In the case of circumstances falling beyond the control of IIT Madras and causing
hindrance in the completion of the undertaking, the Investigators shall promptly notify SPPRT
with a written report in twenty (20) days after the date of the force majeure and the lawiul
authority should certify this status. Following certification, the contract shall be suspended for
the duration of the force majeure.

DISCLAIMER:

Nowwithstanding anything to the contrary contained in this Agreement, the Consultan: vr the
Institute does not provide any guarantee, warranty or indemnity in connection with the
Results/Reports/Analysis/Designs or specifications provided under this Agreement which cre
based on the inputs received by the Consultant or client. Further neither the Consultant nor the
Institute shall be in any manner liable for the use of the Results, any performance, negligence or
the failure to perform on the part of the Architect, Client, builder, engineer, sub-coniraciors,
employees or workmen, any third party or its group companies or any employee or workmen of
these parties or any other third party involved in the design, construction or restoration project.
The obligations contained in this paragraph shall survive expiration or termination of the

Agreement. \)
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11. Settlement of Disputes

In the event of any question, dispute or differences arising out of this Memorandum of
Understanding between the parties with regard to the interpretation of this agreement or the
rights, liabilities or duties arising out of it or otherwise in connection with this agreement. shall
be resolved by mutual consultation of the Parties. In such mutual consultations fail, the matter
shall be referred to the sole Arbitrator to be appointed by the Director of IIT Madras. in
accordance with the provisions of the Indian Arbitration & Conciliation Act, 1996, as amended
from time to time. The Parties agree that the decision of the Arbitrator so appointed shall be final
and binding upon the parties. If the work under the agreement has not been completed when a
dispute is referred to arbitration, the work shall continue during the arbitration proceedings. and
no payment due to either Party within the provisions of the agreement shall be withheld on
account of pendency of the arbitration proceedings unless authorised or required by the
Arbitrator.

In the witness whereof, the undersigned (duly authorised thereto) have signed this Memorandion of
3i-6n the 3.1...day of the month of May in the year 2016.

Sri Pundarikatcha Perumal Rajagopura
Thirupani Commitiee

Shri V. S. Jayabal *“\/

Witnhesses -

‘Dr. MANU SANTHANAM
1. : PROFESSOR
DEPARTMENT OF CIVIL ENGINEERING
IIT MADRAS, CHENNAI - 600 036

ssistant Professor
Departmentof Civil Engineering
Indian Instituteof Technology Madras
Chennai - 600 036, INDIA
Tel : +#91-44-2257 4299, Fax : +91-44-2257 5286
Email: arunmenon@iitm.ac.in




6.8 BRICK TESTING REPORT

- :.ms quﬂe smzmm 93825 74564 0>
2 CT chnolab@qmal.com, Website - www.civiltechnolab.com Date: 21.0920
Pestorder- 281 d'ﬁ»’d 19 noNTE

M/S KSK Builders
183, Co- operative Colony
Kavundampalayam

2 £ WIE e
Coimbatore 3Tl INE CKP Vit P e e

TEST REPORT ON RED BRICKS
Source of sample : Sample supplied by the customer
Customer’s reference*® : Letter No: Nil, dated 19.09.2016
Project* : Arulmigu Perumal kovil Raja Gopuram works at Trichy
Brand* . YBC
Technical Reference : IS: 3495 (Part 1, 2, 3) -1992 (Reaffirmed 2002) &
IS: 1077-1992 (Reaffirmed 2002)

_I. COMPRESSIVE STRENGTH:

Requirements As Per IS

1077-1992- Clause 4.1,

Average | TablelClasses-of common

(N/sq.mm) | Burnt Clay Bricks

Class - Average

: Designation | (N/sq.mm)
230x100x 75 | 3.420 10.13 35 3.5

Compressive
Strength
(N/sq.mm)

| SL Measured Size | Weight
| No. (mm) | (Kg)

5.0 3.0 |
7.50 7.50
230x 100x 75 | 3.244 7.61 :22—- igg
| 230x 100x 75 | 3.350 9.04 15.0 | 15.0
230x 100x 75 | 3.240 8.48 17:5 17.5
. 20.0 20.0
i 250 [ 250
| 230x100x 75 3.270 11.52 | 30.0 30.0
230 x 100x 75 3.2590 9.13 | 35.0 35.0
As furnished by the customer -
Note: 1. The results relate only to the items tested.
2. Report shall not be reproduced except in full, without the written approval of the laboratory.
3. Any corrections invalidate this report.

| 230x100x75 | 3.422 10.96

230x 100x 75 | 3.505 10.43

for C I\’II TECHNO LABP Ltd

g{ M{ﬁ’{ )L,——-—
S. (H\\I)] A_HF AR, MLE,, (STRU)

CHIEF STRUCTURAL CONSULTANT

Cement Steel Concrete




Ref: CTL-CBE/Bri/16 Date: 08.09.2016
l'est order: 153 dated: 06,09.2016

M/S KSK Builders \ /\ \P J\ ~
183, Co- operative Colony
Kavundampalayam

Coimbatore ME Cppmip £ 0o pERTIEES

TEST REPORT ON RED BRICKS C‘Le"
Source of sample : Sample supplied by the customer XSC./
Customer’s reference* : Letter No: Nil, dated 06.09.2016
Project* : Arulmigu Perumal kovil Raja Gopuram works at Trichy
Technical Reference : 1S: 3495 (Part 1, 2, 3) -1992 (Reaffirmed 2002) &

IS: 1077-1992 (Reaffirmed 2002)

II | Requirements As Per IS
5 ' Coibisiis 1077-1992-  Clause 4.1,
SL Measured Size Weight A PrEISY Average | TablelClasses-of common
N 5 Strength : i
No, (rmm) (Kg) (N/sq.onni) (N/sq.mm) | Burnt Clay Bricks
[l N < | Class Average
| Designation | (N/sq.mm) |

1 [230x105x50" ,2.268 14.12 3.5 3.5

| i i 5.0 30
1'; ) w S =
230 % 105 x S ! 15.28 7.50 7.50

230 x 105 x 15.11 :gg | :2:2

+ | 230 x 105 x 5 15.57 150 15.0
' 13.17 | 17.5 17.5

] 20.0 20.0
| nicinasiouie? ) 250 | 250
| 7 ,230x105x50 ¥ 2396 | 1346 30.0 30.0

8 [ 230x105x50 | 2412 1524 | | 350 35.0

230 x 105x 50 | 2.1 14.58

* As furnished by the customer
Note: |. The results relate only to the items tested.

2. Report shall not be reproduced except in full, without the written approval of the laboratory.
3. Any corrections invalidate this report.

for CIVIL TECHNO LABP Ltd

g. S
S. CHANDRASEKAR, M.E.. (STRU)
CHIEF STRUCTURAL CONSULTANT

meht Concrete Design Mix




Ref: CTL-CBE/Bri/16 Date: 08.09.2016
lest order: 153 dated: 06.09.2016
L]

) O T
M/S KSK Builders 2 1K
183, Co- operative Colony = i

' g o 2 S N T ES
Kavundampalayam JHERL DBscerlke
Coimbatore =

TEST REPORT ON RED BRICKS

Source of sample : Sample supplied by the customer
Customer’s reference* : Letter No: Nil. dated 06.09.2016
Project™ : Arulmigu Perumal kovil Raja Gopuram works at Trichy
Technical Reference : IS: 3495 (Part 1, 2, 3) -1992 (Reaffirmed 2002) &
IS: 1077-1992 (Reaffirmed 2002)

_I. WATER ABSORPTION:
Water
| Absorption
| (% by wt)

Average | Requirements as per

Sl.i Measured Size
! (% by wt) ‘ 1S:1077-1992 ‘

No. (mm)

230x105x50 = 560 | | |
230 x 105 x 50 6.50 —‘ ‘ The average water absorption
= ——————— “ | (5 Samples) shall not be  more
230 x 105 x 50 4.90 5.44 than 20% by weight up to class
e ——‘ 12.5 and 15% by weight for |
230x105x50 | 6.00 higher classes |

= SEpee == __‘ ‘ ’

5 230 x 105 x 50 4.20

* As furnished by the customer -
Note: 1. The results relate only to the items tested.

2. Report shall not be reproduced except in full, without the written approval of the laboratory.
3. Any corrections invalidate this report.

for CIVIL TECHNO LAB P Ltd
2. Condoiel—

S. CHANDRASEKAR, M.E., (STRU)
CHIEF STRUCTURAL CONSULTANT

men Concrete




6.9 BIODATA OF ENGINEERING CONSULTANT

[COMOS 2016

Membership card - Carte de membre

Arun MENON
IND 15574

sl o Voo et e e - Gorsesl inbeinalion Ses. mome. 1 oo e
" x

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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6.10 AGREEMENT WITH STHAPATHI

Memorandum Of Understanding

Between

SRI PUNDARIKATCHA PERUMAL RAJAGOPURA THIRUPPANI COMMITTEE
[SPPRT Committee]

represented by
Shri VS JAYABAL, Foundry Engineer
Residing at

35 Lalbahadur colony, Peelameadu, Coimbatore 641004

And
Shrit KUMARAGURUBARAN, Sthapathi
Residing at
25,A/2 cuddalore road
Panruti— 607106

Cuddalore District.

\-\[r\f\ \}X}b‘“{

i
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This Memorandum Of Understanding is entered into between

SRI PUNDARIKATCHA.PERUMAL RAJAGOPURA THIRUPPANI COMMITTEE represented by Shri V'S
JAYABAL, Foundry Engineer, residing at 35 Lalbahadur colony, Peclamedu, Coimbatore 641004
[herein referred to as SPPRT Committee) and

Shri Kumaragurubaran, Sthapathi, residing at 25 A/2 cuddalore road, panruti - 607106, Cuddalore
Disrtrict. herein referred to as sthapathi

The expression ‘SPPRT Committee’ and ‘Sthapathi’ may herein after individually be referred to as
‘Party’ and collectively as ‘Parties’

Whereas

Shri V S Jayabal and his family members decided to complete the hitherto incomplete Rajagopuram
in Sri Pundarikatcha Perumal Temple in Thiruvellarai to a seven tired Rajagopuram. They further
decided to construct the remaining tiers with the ancient construction technology namely using lime
mortar without cement and also to construct the remaining tiers with the same architectural pattern
as is present in the existing two tiers constructed approximately 700 to 800 years ago.

Shri V S Jayabal has applied to the Tamil Nadu Hindu Religious and Charitable Endowment
Department - TN HRCE Dept — and obtained the necessary clearance to go ahead with the
construction.

Shri V S Jayabal has also approached the Indian Institute of Technology, Madras — IIT Madras — and
the National Center for Safety of Heritage Structures — NCSHS — seeking their technical expertise and
requested them to participate in an advisory capacity in the restoration of the hitherto planned
seven tier rajagopuram at Sri Pundarikatcha Perumal Temple, at Thiruvellarai for which they have
agreed. To this effect a Memorandum of understanding has been signed

between

SRI PUNDARIKATCHA PERUMAL RAJAGOPURA THIRUPPANI COMMITTE Represented by
Shri V S JAYABAL, Foundry Engineer, Residing at, 35 Lalbahadur colony, Peelamedu, Coimbatore
641004

And
National Center for Conservation of Heritage Structures — NCSHS — and
Indian Institute of Technology, Madras — IIT Madras.

In the above scenario, on the advice of Mr P JAYARAMAN, Joint Commissioner, HRCE Dept
Srirangam, the SPPRT Committee has requested Shri Kumaraguru , sthapathi, residing at 25 A/2
cuddalore road, Panruti — 607106, Cuddalore District.

To undertake the construction work of the Rajagopuram for which Shri Kumaraguru readily agreed.

[\ ’\/\'_/- Page 2 of 4




NOW TEHREFORE for good and valuable consideration the parties hereto agree as follows
RESPONSIBILITIES

The SPPRT committee shall provide all drawings and construction materials to the sthapathi and his
team,

The committee shall also provide the necessary equipment to prepare the lime mortar and
undertake to carry out any repair work in the said equipment as and when needed. The committee
shall help to the sthapathi to provide the head caps to the gopuram workers and to have them
covered for accident insurance by giving the money as and when agreed upon and needed. The
committee reserves the right to make any publication/presentation in print/electronic media to
sensitise the public about the religious value, architectural/heritage significance and the
construction methodology for which the sthapathi will give full cooperation.

The Sthapathi shall organise to provide the shelter and food to the gopuram workers during the
construction period. He shall take care to ensure the safety of the gopuram workers by providing
them with the necessary head gears, accident insurance cover, the required scaffolding infra
structure etc.

He shall help the SPPRT Committee to acquire the raw materials. He shall further liaison with the
SPPRT Committee to coordinate with the IIT Madras and NCSHS during their Quality Audit
inspection/discussions. He shall maintain a good rapport with the HRCE officials during their
inspection/discussions. He shall undertake the construction work without any disturbances to the
temple battars, pandarikal, sthalathars and general public. He further undertakes to construct the
gopuram with the same architectural pattern as is present in the existing tiers.

The sthapathi shall respect and honour all the clauses in the memorandum of understanding entered
into and signed between the SPPRT Committee and NCSHS & IIT Madras.

The sthapathi also shall respect and honour all the clauses in the sanction order of the TNHRCE dept
and also further clauses as and when imposed by the HRCE dept.

The payments will be made subject to the muster rolls / original receipts of the materials purchased
weekly or monthly.

The Memorandum of Understanding will be valid till the completion of the rajagopuram and
Samprokshanam from the date of signing of this MOU which will be 36 months.

This agreement may be terminated if both parties agree at any time and the project accounts settled
as on the date of termination. No penalty clause is tied up to the project execution.

In the event of any question, dispute or differences arise out of this Memorandum Of Understanding
between the parties with regard to the interpretation of this agreement or the rights, liabilities or
duties arising out of it or otherwise in connection with this agreement, shall be resolved by mutual

consultation of the parties. If such mutual consultation fails, the dispute will be settled subjected to

the jurisdiction of the Coimbatore courts.
sl
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In the witness whereof, the undersigned have signed this Memorandum of Understanding, in two

originals at Thiruvellarai on the jay of the month of September in the year 2016




6.11 BIODATA OF STHAPATHI

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.

REG. No. 97410021. ~

ALAGAPPA UNIVERSITY
KARAIKUDI-630 003 TAMILNADU
DISTANCE EDUCATION

FACULTY OF ARTS
POST GRADUATE DIPLOMA IN TEMPLE ARTS

This is to certify that

Kumaragurubaran S
having completed the course of study

approved by the University and having passed the

prescribed examinations held in October 2000 has been awarded the

POST GRADUATE DIPLOMA IN TEMPLE ARTS
and is placed in the cﬁemnd ' class.

Given under the seal of the University

KARAIKUDI

Date: =3 JUL cuul
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Biodata of Shri. Kumaragurubaran, Sthapathi
- Approval from HRCE Department
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- Renovation works undertaken
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4th Prakaram

ZOOM EARTH |

EXPLORE HISTORICAL AERIAL IMAGES b

Aug 2010 - Feb 2015

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.

rThiruvallarai

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.

Latitude : 10.9565° N
Longitude : 78.6697° E
Sea Level : 115 Meters




