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01. Introduction

'\; \/ ith the NIRHEDHUKHA KIRUPAI of

LORD SRIRANGANATHA and RANGANAYAKI THAYAR

our family was blessed to carry out small kayeka kainkarya in Srirangam
namely

Thayar Vasantha Uthsava Mandapam Renovation

Yaghasalai renovation in Srirangam and

Uthsavar idolinstallation in Kattalaghiasinger Thirukoil.
In the early years of this decade we were directed by

LORD PUNDARIKATCHA PERUMAL and PANKAJAVALLI THAYAR

to under take the kainkarya in Thiruvellarai particularly to complete the
hitherto incomplete gopuram in the northern entrance.
Extremely delighted we prayed the Lord Pundarikatcha perumal to guide
us in this Thiruppani
We met and paid our obeisances to the sthalathars, bhatters, pandarikal
and shri vaishnavites at Thiruvellarai, informed them about the intended
kainkaryam, sought their opinion and prayed for their blessings to
complete the Thiruppani.
We met the Joint Secretary in Srirangam and subsequently the
Commissioner HRCE Department, Chennai, informed them about the
proposed Thiruppani, submitted our application on 20" February, 2014

and discussed with them and obtained their guidance.







02. Historical Study Report

Sriman Narayana appeared as Varaha Moorthy before king sibi in

Thretha Yuga in Thiruvellarai known in those days as Neelikavanam. Later
he gave dharshan as Pundarikatcha Perumal to Sridevi Thayar, doing
penace in Thiruvellarai, and Markandaya Maharishi and King Sibi. King
Sibi constructed the present Thiruvellarai temple and brought 3700 vedic
pundits from Undhervedhi kingdom, the present Kashmir and gangetic
plains. We have published the book titled “Thiruvellarai Sthala
Puranam” on 19 Feb 2016 narrating the above detailed history.
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In course of time multiple rulers added further prakarams. The present

incomplete gopuram in the northern entrance was estimated to be
constructed by Hoysala king 3™ Narasimhan around 1311 BC by
historians. A detailed report is enclosed below as given by

Dr R Rangarajan M.A., Ph.D.,

Department of Vaishnavism,

University of Madras.
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An under graduate in Mechanical Engineering and a post graduate in

Foundry Sciences from IIT Kharagpur, Mr V S Jayabal, an Entrepreneur
after being in business of stainless steel foundry, valves and pumps
manufacturer and exporter with German participation for 40 years, has
now dedicated himself with thoughts words and deeds to the Thiruvellarai
Thiruppani especially Raja Gopuram renovation / completing the

construction.
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03. Pre Thriuppani Study
and Documentation

bb e studied the temple topography to begin with. We did a digital survey

to study the altitudinal difference and planning. The digital map is
enclosed in the next page. We observed there was a huge altitudinal
difference between the northern and southern sides of the fourth
prakaram as much as 30 feet. We were shocked to notice almost the entire
southern prakaram was filled with thick vegetations particularly thorny
shrubs and trees, huge pile of garbage particularly in the western side all
making it an ideal place for breeding and inhabitation of apparently
poisonous insects.
These factors made
> the fourth prakaram unwalkable for the pilgrims.
> during the vasantha uthsavam the procession of Perumal was
partly in an aprdakhchanam since the vasantha mandapam
is situated in the southern side.
> the uncleanliness and the resultant foul smell are

inauspicious and amangalam

We did the digital mapping survey first in Sep 2014 and based on this we
have prepared the 16’ wide pilgrimage path.

And then we did another digital mapping survey in Jan 2016 to make sure

the changes we have made are in compliance. This map is annexed.

13
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04. Fourth Prakaram Thiruppani
Renovation Details

As part of the sthlasukthi programme we cleaned the fourth prakaram by

removing as much as 10 to 12 loads of absolutely unacceptable garbage

accumulated over the period of couple of decades.

Fourth prakaram prathakchnam pathway was planned taking into
account the increasing pilgrims in the coming decades, the increasing
geriatric age group with their probable health issues and the climatic

conditions in Thiruvellarai.

App. 300 trees, 30 diff types will be pianted ail ovar
Mandha vanam. At least 10 diff flowers

Parking Area
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16 feet wide pathways with seating arrangements for resting on either sides,

alround the fourth prakaram, covering a distance of nearly 1,800 feet were
laid. To maintain tradition, antiquity and santity we used unpolished
granite stones 6 to 7 feet length, 12 to 15 inches width and 9 to 10 inches
height for the above work.

16



We planted nearly 600 to 700 fruit and flower bearing, shade giving and
vishistadvaidya philosophically acceptable trees, multiple flowering plants

and thulasiplants on either side of the pathways

17




providing tranquility, unpolluted air, cool breeze carrying the fragrance of
the surrounding plants and flowers, melodious and harmonious voices of
multiple species of birds forming part of the ecosystem all providing a
serene atmosphere for the pilgrims during their entry into the sannidhi.

Scientifically planned and executed rain water harvesting system that
does not allow even a single drop of water to flow out of the temple
premises, drip irrigation and water sprinkling systems are implemented
taking into account water deficient/starved nature of the Thiruvellarai

region.

There are about 30 - 40 peahens and peacocks in addition to at least 1000
green parrots, pigeons and couple of different birds. Therefore, to give a due
care to the nature and to feed these birds, we have planted the above trees

enabling them to live in a comfortable environment.

18




The vilvam tree as Stahla Viruksham was planted in Nov 2015 in a

ornamentally erected stone structure and being maintained.

A goshala in the northwest adjoining the Manavala mamunigal sannidhi

and a pushkarini in the northeast side are in the pipeline.

The entire work took nearly 3 years for completion. We and our team of
stone cutting / laying personnel and others realized that with divine
blessings not even a single minor mishap happened during the entire
work.

19




We are giving a pictorial view of the fourth prakaram before, during and

after Thiruppani in the coming pages.

Eastern Entrance

Huge trees have grown along the compound causing concern - Jan 2015
Sri Rangam Joint Commissioner Shri. P. Jayaraman inspecting

Feb 2015

Eastern entrance - During renovation Jan 2015
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Eastern Entrance

Eastern entrance - After renovation
Aerial view Jul 2016

Eastern prakaram - Giving shelter to the pilgrims - Aug 2016
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Eastern Entrance

.\‘f-‘. * ..--'
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Eastern prakaram - Giving shelter to the pilgrims Aug 2016

Eastern entrance - Aug 2016

The eastern entrance was opened on 9th December 2016 with the

necessary rituals.
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South East Prakaram

W -/ o

South east prakaram - Before renovation Aug 2014

Dec 2014

Mar 2015
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South East Prakaram
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Southeast Prakaram with shelter for the pilgrims Nov 2016

24



South Prakaram

Jul 2016

09 Jan'2015
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South Prakaram

South prakaram - Eastern side Jul 2016
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Southwest Prakaram

03 DEC 2014

Dec 2014
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Southwest Prakaram

South west prakaram - During renovation Nov 2014

03 DEC 2014

Dec 2014

Enough and more vegetation including trees grown close to the compound - Dec 2014
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Southwest Prakaram
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After renovation Jul 2016 - The trees were removed

With shelter for pilgrims Jul 2016
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Southwest Prakaram

South west prakaram - After renovation Mar 2016

South west pralkaram Nov 2016
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West Prakaram

03 DEC 2014

Sri Rangam Joint Commissioner Shri. P. Jayaraman inspecting - Jan 2015
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West Prakaram
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Completed prakaram Oct 2017
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Northwest Prakaram - Manavala Mamunigal Sannidhi

North pralkaram - During renovation Jan 2015
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Northwest Prakaram

Coconut trees closed to the compound wall have been removed - May 2015
10 Nos. New coconut saplings were planted in the south
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Jasmine Plantation - Oct 2016
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Northwest Prakaram

04 DEC 2014

Manavala Mamunigal Sannidhi Dec 2014

Manavala Mamunigal Sannidhi After renovation Dec 2016
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Northeast Prakaram
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Oct 2014

Jan 2015
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Northeast Prakaram

Dec 2016

Dec 2016
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05. Samprokshanam

Having done the fourth prakaram renovation, particularly the

pradakshina pathway for the sevarthis to go round the temple, we were
guided by the divine command to do renovation kainkaryam at SRIMAN
MANAVALAMUNIGAL sannidhi and SRI RAMANUJAR sannidhi, the
much celebrated acharayas in ACHARAYA GURUPARAMBARA. The role of
ACHARYA kainkaryam in Sri Visisthadvaidhya philosophy is well known
to all of us. We were pained to note that the daily rituals were not
conducted for many years / decades.

We took up the renovation work at SRIMAN MANAVALAMAMUNIGAL

sannidhi, conducted the samprokshanam on 13" November 2015.

After renovation
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Sri Ramanujar Sannidhi

The SRI RAMANUJAR sannidhi balalayam was performed on 9" December
2016 and samprokshanam was performed on February 2017, the
Millenium year celebrations. The nandhavanam was created by planting
thulasi and jasmine plants and shade giving trees. It is a pleasant
coincidence that the samprokshanam took place during the Millenium
year celebrations and in the place where Sri Ramanuja lived and

completed Shribashyam.

Ramanujar Sannidhi nandhavanam being maintained - Dec 2017
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Detoriated bricks ceiling in the sanctum santrum - May 2016

Zy




Feb 2017






Dr S Velumani MD and Dr V Jeyalakshmi practising primary and
secondary health care in Coimbatore for the last thirty years now
involved in Sri Pundarikatcha Perumal Thiruppani.
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06. Prayers and Parayanams

A modified tractor with attachments for digging and earth moving was

dismantled, taken inside and assembled inside the fourth prakaram, in
view of the narrow entrance (6 feet). This modified version and two more
tractors along with 15 to 20 workers were working for nearly six months,
Sep 2014 toJun - 2015. Because it was imperative to move approx. 15,000
MT of soil from the north, east and western side to southern side to set up

the 16’ wide path for the pilgrims to come around.

Dulltdp Ares - r Builtup Mroa
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ill be plantad all over

10 diff flowers
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Existing 10" P: e all around
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A team of twenty to thirty workers were involved to lay the path with

frequent consolidation at every 3 feet of buildup. Nearly 40,000 sq. ft. of
unpolished 2 - 21/2’ wide 4 - 6’ length and 6” thick granite were laid to a
length of approx. 1,800 Sq. Ft. This whole process along with the seating
arrangements for the pilgrims path took nearly two years, enabling convert
the dirty unaccessible / dirty fourth prakaram into clean walkable
prakaram. Since so many people were working with multiple vehicles for
so many months, we planned to do purification ceremonies before handing
over the prakaram to the HRCE department and the temple. That was the
day 25 May 2015.

We were told Shri Pundarikatcha Perumal will travel (almost after 50 to 60
years) through the newly laid pathway for his sojourn in the Vasantha
Mandapam during summer, celebrated as a ten day Vasantha
Uthsavam. When we discussed with the temple priests we were told that
no specific ceremonies are laid down for such places and we were further
told that when Perumal travels through the streets outside the temple to
bless the devotees, no prior purification rituals are done. We were partly

satisfied but partly dissatisfied.

We came across the sasthras which lay down that
what was obtainable by meditation in kritha yuga,
what was obtainable by sacrifice in thretha yuga,
what was obtainable by worship in Dvaapara yuga,
can be obtained by mere recitation of lord Sriman Narayanan's

dhivya thirunamams- names.

Meditation requiring the control of senses and mental concentration,
Sacrifice requiring a good amount of wealth and other's help, Worship
requiring guidance and training from a GURU and practice everyday are
difficult to practice now due to reasons related to place time and personal

lifestyle. Further the divinity of the dhivya names of Baghavan Keshava
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was vouchsafed by the fact that Lord Srikrishna himself was one of the

audiences amongst the pious souls assembled in Kuruchetra to listen to
sage Bhisma's answers to the questions of great warrior, saint Yudhishtra.
Further lord Sriman Narayana himself have simplified the tough, hard to
pronounce sanskrit vedas into easy tamil dhivya prabandas for the
upliftment and ujjivana of the souls in kali yuga through much celebrated

alwars.
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Opening Ceremony of the Fourth Prakaram

after the Renovation on 24 May 2015

In this scenario, we thought this will be more appropriate to plan Dhivya
Prabanda bhajans. A group of approximately 200 people singing the
dhivya prabanda bhajans participated.
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Shri Vishnu Sahasranama Akanda Parayanam on 2 Aug 2015
Later we organised Akanda Parayanam, nonstop recitation of Vishnu
Sahasranamam 27 times, by nearly 250 Shri Vaishnav Baghavathars both

in the forenoon and afternoon on Sunday the 2 Aug 2015
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Dhivya Prabanda Parayanam on 01 - 05 Nov 2015

A massive vaibavam of sanskrit and dravida veda parayanam was

organised in Nov as given under.

Four thousand Dhivya Prabanda parayanam by nearly 300 Shri
Vaishnava Baghavadas from Coimbatore were undertaken on all the five

days
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The Secretary, Department of Information and Public Relations, Government of

Tamilnadu, Chennai and JC Srirangam HR&CE Dept. participated
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Chadur Veda Parayanam on 01 - 05 Nov 2015

Chadur veda parayanam namely Rick veda, Krishna yajur veda, Shukla
yajur veda, Jaimani sama veda, Ghouduma sama veda, Atharvana veda
parayanam were rendered by 74 vedic pundits drawn from various parts of

India on all the five days,

Srimad Ramayana parayanam was rendered by four vedic scholars from

Srirangam on all the five days.

Virada Parva parayanam on november 1st and 2nd, Srimad Bagavatham
10th Skanta parayanam on november 3rd and 4th and Bagavath Geetha

parayanam on november 5th were rendered by another batch of pundits.
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07. Rain Water Harvesting

The Thiruvellarai being a rain starved village and located approx. about

200 feet higher in altitude from the Kollidam river, Srirangam, therefore it
was very important to save every drop of precise rain water.

Thiruvellarai has an average of about 500mm of rainfall in a typical year ,

maybe more sometimes due to more cyclones.

The entire Shri Pundarikatcha Perumal temple complex is about 7.5 acres
comprising all the four prakarams. The first three prakarams is about 2
acres. All the renovations, laying the pilgrims path constructing the
pushkarini and planting the plants and trees, are in the fourth prakaram
which is about 5 acres on all the four sides.

We collected the entire rain water from the third prakaram. About 80% of
the water is diverted to the eastern leading to southern side with about 8”
diameter heavy duty PVC pipes to a length of about 600 {t; and 20% of the
water diverted from the west to the southern side with about 4” diameter
pipeline to a length of 200 feet.

This enabled increase in the ground water sources and now this temple is
more or less self sufficient with the water in the normal monsoon.

In addition to the one number existing borewell, we have dug three
borewells to 300 - 500 ft.

With these changes incorporated, and in two years time the trees and the

plants are healthy; many of them started yielding fruits and flowers.

A full time gardener collects the Thulasi leaves, jasmine (five different
types) flowers and nandhiavattam flowers and offers to the diety daily
morning at 8:00 AM
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08. Government Order for the
Construction of Raja Gopuram
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09. Memorandum of Understanding
with 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 Center for Safety of Heritage Structures (NCSHS)
Indian Iustitute of Technology Madras
Chennai, India
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This Memorandum of Undersianding is entered into between Sri Pundarikatcha Perumal
Rajagopura Thiruppani Commiltee, represented by Shri V.S, Jayabal, Foundry Engineer, residing ai
35 Lalbahadur colony, Peelamedu, Coimbatore-64100 (hereinafter referred to as “SPPRT
Committee ) and the President of India, acting through the National Centre for Safety of | ;
Structures, Indian Institute of Technology Madras, an autonomous institute under the Minisiry o
Human Resources Development, Government of India (hereinafier referred to as “HTM") o1 the
other part;

The expression "SPPRT Committee” and “HTM" may hereinafier individually be referred o as
“Party” and collectively as “Parties”';

Whereas

—Shri V.8. Jayabal and his family members decided to complete the hitherto incomplete
Rajagopuram with two tiers in Sri Pundarikatcha Perumal Temple in Thiruvellarai to a zeven-
tiered Rajagopuram. They further decided to construct the remaining tiers with the
construction technology namely using lime mortar without the cement ete. and also i«
construct the remaining tiers with the same architectural pattern as is present in the ex

two tiers, constructed approximately 700 to 800 years ago.

Shri V.8. Jayabal has approached Dr Arun Menon in IIT Madras. learning aboul
knowledge. skills and interest in conservation of heritage structures, to help and guide
in the construction of the Rajagopuram on 20" February, 2014,

Since then Dr Arun Menon in the last two years has been conducting basic investiy:
such as condition mapping and assessment, including core cutting and strength evalvation.
geotechnical studies including soil testing at different depths, ete. to ascertain foundation
stability and structural stability of the existing two tiers with his team members.
surveying and soil testing were outsourced.

The Department for Tourism, Culture and Religious Endowments, Tamil Nadu in their o)
no.: 266 dated 19.11.2015 has given the conditional approval to construct the rajago
subject to the IIT Madras clearance. The Hindu Religious and Charitable Endo
(HRCE) Department’s letter no. 1719/1414/D3 dated 15.12.2015 is provided as an anic
to the Memorandum of Understanding.

Shri V.S, Jayabal has understood the magnitude of the project in its various dimensi
would like to go ahead with the construction as per the religious rules, Ta
Government’s  Hindu Religious and Charitable Endowments (HRCE) Dep
regulations, repeating the same architectural pattern of the existing two s and
project as an educational tool to the present day archaeology and civil engineering stude
and when needed.

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

IITM through the agency of NCSHS is agreeable for the same 1o undertake the Proj
pro bono basis (except expenses related to travel and living allowances) under the term:
conditions contained herein.

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

1. Scope
11T™ 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 esting
will be conducted at laboratories in [TTM and all routine tests will have o be outsourced (o
their costs borne directly by SPPRT Committee;

Residual strength estimation and structural assessment for existing portions of the 1
and proposed portions of the Rajagopuram: These tests and structural analysis
conducted at laboratories in ITTM or with field equipment from 1TTM;

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

Such other matters as may be agreed between the parties in writing from time Lo time.

2. Responsibilities
(a) The SPPRT Committee shall
(i) Provide access to all places in the temple that is required for inspection and review o (i
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 1TV iean
members relating to 11TM’s work.

(c) IITM 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 vaiuc

architectural / heritage significance and the ancient Indian construction methodology.

3. Equipment
Equipment and material will be provided by the SPPRT Committee.
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. Intellectual Property
Any know-how, discovery or patentable invention generated as a result of this project will be the
joint property of [ITM 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 discoverivs.
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 LITM’s work will be

borne by SPPRT Committee.

7. Validity
This Memorandum of Understanding will be valid till the complztion of the Rajagopiram
and Samprokshanam from the date of signing of this MOU which will 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 S
with a written report in twenty (20) days after the date of the force majeure and the
authority should certify this status. Following certification, the contract shall be suspended for
the duration of the force majeure.

DISCLAIMER:

Notwithstanding anything to the contrary confained in this Agreement, the Consultant vr the
Institute does not provide any guarantee, warranty or indemnity in conneclion with the
Results/ReportsiAnalysis/Designs or specifications provided under this Agreement whici are
based on the inputs received by the Consultant or client. Further neither the Consultani not the
Institute shall be in any manner liable for the use of the Results, any performance, neglig

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 proj
The obligations contained in this paragraph shall survive expiration or fermination of

Agreement.
'.\} M/
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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. shail
be resolved by mutual consultation of the Parties. In such mutual corisultations fail, the matte
shall be referred to the sole Arbitrator to be appointed by the Director of IIT Ma
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 o
dispute is referred to arbitration, the work shall continue during the arbitration proceeding:

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 ihe
Arbitrator.

In the witness whereof, the undersigned (duly au o’l:{sed thereto) have signed this Memorandiim of
Understanding, in\wo originals at Chenngi-6n the 2....day of the month of May in the year 2016.

Indian Institute of gy M Sri Pundarikatcha Perumal Rajagopura
' Thirupani Commitiee

.
Shri V. S, Jayabal |

Witnesses

mk\l*‘ Dr. MANU'SANTHANAM
\ PROFESSOR
DEPARTMENT OF CrviL ENGINEERING
IIT MADRAS, CHENNAI - 600 036

Technology Madras
6, INCIA
5 ax: +91-44-2257 5286
Emall: arunmencn@iitm.ac.in







10. Raja Gopuram Thiruppani

It all started with the development and renovation of the fourth prakaram

and completing the hitherto incomplete Raja Gopuram on the northern

entrance.

In this context, we have prepared the preliminary drawings and submitted

to the Joint Commissioner, Srirangam in October 2013.

As a follow up visit, we met the Chief Sthapathi Shri Muthiah Sthapathi
at his residence in Thiruvanmiyur on 23 Feb 2014. It was a very interesting
and encouraging interactions. He was mentioning about the utilization of
the Lime-Mortar to complete the Raja Gopuram which was constructed
around 1200 AD by Hoysala kings to two tiers. It was left abandoned due to

the invasion of the muslims from the north.

It was a very interesting monument with the more complicated
architecture and construction techniques, possibly that of Hoysala
architecture. This was very interesting to us and hence we developed
interest to complete this Raja Gopuram from two tiers 60 feet height to
seven tiers 120 feet height as recommended by the Sthapathies to regain

its grandeur of one of this Divyadesam temple.

Next morning 24 Feb 2014, we met the Commissioner HR&CE dept along
with his team, and that was also encouraging and interesting. He also was
very specific that it is imperative we use the Lime-Mortar for the

construction. He took immediate steps to process our application.
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Here we could appreciate the use of the Lime-Mortar rather than the

conventional cement because of its heritage status, even though this has
not been declared officially by UNESCO. As a matter of fact, cement was
invented around 1750 AD because of the rapid industrialization in the
western world and it took almost a century to get the standardization /
acceptance in the construction industries. That means perhaps effectively
most of the buildings built from 1900 AD onwards possibly utilized

cement and it took another few centuries to reach the common man.

In this context we were debating how to proceed with this technology
which is un-commonly used at the current times. This encouraged us to
get in touch with IIT Madras and to get their opinions. Since Shri VS
Jayabal was an alumini of 1972 Batch from IIT Kharagpur, we could

develop a rapport with IIT-M very easily.

We met Dr Devadoss Menon, Professor — Civil Engg Dept. and explained
our purpose. He invited his team and referred us to Dr Arun Menon — Asst.
Professor. Subsequently we had elaborate discussions with him about the
scale, size and the ancient nature of the Raja Gopuram. Dr Arun Menon
evinced lot of interest and he said IIT-M will readily participate in this
magnificent project to be completed with the Lime-Mortar in this modern

times.

Meanwhile we need to mention here that HRD Ministry — Govt. of India had
setup the National Centre for Safety of Heritage Structures - NCSHS at
IIT-Madras for the conservation and maintenance of the heritage
structures. Dr Arun Menon was the Head of this institute, along with his

regular responsibilities as an Asst. Professor.
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The first visit was made by Dr Arun Menon and his team to Shri

Pundarikatcha Perumal Temple, Thiruvellarai on 1 May 2014. In the next
couple of weeks the IIT-M team made multiple visits in the next few
months to study, capture and document the details of the cracked beams /
pillars. The team also brought Ultrasonic machines to study the geological
nature of the rocks below the surface. The trial pits have been dug in all the
four corners to check the details of the foundation etc., This
documentation process took quite a while and we received the formal

reporton 2 Sep 2016.

Immediately after the study, pending the documentation from IIT-M,
they realized that there were many pillars and beams damaged which
needs to be attended to / replaced before the commencement of the

subsequent five more tiers.

Meanwhile Joint Commissioner, Srirangam requested National Institute
of Technology (NIT) Trichy on 19 Feb 2014 for a feasibility study. NIT
did study the Raja Gopuram with their team and submitted the report on
13 Aug 2014 which we have given in the annexure page No. 210.
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Archaeologist Survey

Parallel to all this, Dr R Kannan I.A.S., Additional Chief Secretary to the
Government of Tamil Nadu cum Archaeologist and Shri K T Narasimhan
Superintending Archaeologist (Retd) and Consultant Archaeologist /
conservationist to the Government of Tamil Nadu also studied the Raja
Gopuram from their point of view and submitted their feasibility report
with the recommendation that this can be completed from the

existing two tiers to 5 / 7 tiers on 24 Jun 2015.
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Archaeologist’s report

‘F?E.-’in‘: Inspection on Shri Pundareekaksha Perumal Temple,
"*.:lruveiiarai, Taluk & District Tiruchirapalli, By Dr.R.Kannan, I.A.S.,
Additiona! Chief Secretary to the Government of Tamil Nadu cum
Archaeologist and K.T.Narasimhan, Superintending Archaeclogist
(Retd) and Consultant Archaeologist /Conservationist to the
Government of Tamil Nadu.
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In this background, Shri Muthiah Sthapathi, the Chief Sthapathi of
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.67t B246/2014 i1, it 30.10.2015 Lo 02.11.2015.

2015-16 b systorgedr sure| Gomsy sl GQam ferCurs 23.00.2015 gy
wraEmilG (peesmindal s sbps el Ll Cureandss sl 110-sr &1
Seireugsid et Qeusthfi (L L -

Whrissh.  oymeniig  arisprgsamd  Enstsmildlsr e uCamniSsurer
dlnGloustersmy  gymsmilE s fen’ el Gugorst &nsCanuflsid 13-gub
BiborsTgs)  GammisTan wersed off  usbararamd S UCE, (popss
Gupmosd, @rsr® Femasst ol Glgflun Garss s EursngGan
asteng. @Es Bormbanygs sl Huiend Ggrsrmn wrprg Qmreaiis
(pempuiled 5 Gamg emumi) Qemafli LsmyenssOuin.”

2. Gubn uvpdsiulL sygtseli gemamut Smedl yhmied,  gymimile
SussTssunll Hrstandsdsr o uCsndurer Hasdl, HoGastmp, ymine
ueter_iflesn_sUGuapLTeT FléCamis) Cruaimsnune LrenpasmmameagwimGs Glastarany
vy Gt Gupm susad, sdf0 S dem o wimas GiléEn LsSaL s Caidgy
Slmblasirson  eergyd, o Cwnflld  suCusdifl  (uGais-Qeustrenn,  Sifi-waa)
Blaaursd@ned (hmsurargre o Sastarsnn samh CunhniuGEing sTmED
Gaflaflggsmamm. Gugis &smesulsr 18 gbdumutissmeTs Gle@n amauils syemohgsis
18 ugsset, Gamyy suresiiel BTeE CrgRsms GGG sl aEnnbsem 4 ugsear,
sl Gdi@’ g uee wehismard @GNidEh amalls genehgiiter 5 esd,
Eledlmatanildlsn dniunenssmmegn.  Cosn GaSmstamnis Gufiumpant whmih
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L orain. Gougnosofl gy dGumrast g Gofaliggststsn asmmih GaMagssmammi,

3. Guogyud, oy emsmoruni yhomisn, oymemflE symssreaamb SmsGambslsr
2 uGamilorsr  Smpblaustsraon  ymenblg ysmoflemisl GQuguorst  SmasCamullsdisr
BorgGanyré aL@mnwrgmg qurrm 5 Gamg Glesuails umm&@m usmefluflsmsar
GausubiGgn aeeramd  emumi 5 Gesm.p&@ 2015-2016-1b ,%sam;m Qerisi
aflsmeuli’ puwisbleir oy (usm uflsd WHUSEH gt Ceiniu’y g stergn, Gubuy WHNTH
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“The Estimate Sanction Committee accorded Technical approval to carry
out the above construction at the total estimate cost of Rs.5.00 Crore and
recommended the same to the Government for according Administrative
sanction and Technical sanction, subject to the condition that the
foundation stability and structural stability should be obtained from T
Madras before commencement of work and the work should be carried
out as per the recommendation of IIT, Madras and based on the
suggestions given by Archaeological Consultants.”

4. eaGe,  wfrhed,  gmemby  ophsprasamil  Slamatamuiss
o uGsmdlaner  Gmbaustman, ymenflg usmLflen sl Gugmorst  SimeGamiflasa
(pagsmn Gupmosd o ster  eupfloa @rmaGanymh sl @Eurand GEnsirsnio MMM
Glgmabsthush (pempuilsd  epumis 5 Camy Gesaild LamanseGih umflég Bifans wHmd
Qamflsapi v SRSsmMD ahigonn sy memut Gal (é Garsmmstam.

5. Era suu  gpfocousgon yamuflsr  sGsgImalmar  ops
saerpLear ufifsmen Goabsg. ufifumaragl Seran gmaer ahm “whmisi,
smmlg sphspiasauni Hnstanidsa o Camfaorar Smbausarsnn ojmsmiiE
ysser_iflam el Gusiorer SmsGambld @rmatsmrs s Euran umfiullamer Cgrsvsnw
wrnrg Gsrasiius wmpuls 5 Camp emumin Gemaist 2 vwsmTesT HEulsr epsud
Epsergmh Hubpmearsehieiu® ummods Biars wigh Osnfioplu sgied
aupriid) oyra s emsr GeusTiliBding -
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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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Present Kalkaram Thiruppani Details

The Raja Gopuram balalayam was performed on 19" February 2016
by the temple archagars in the presence of the donors and the devotees.

Joint Commissioner, Srirangam Shri Pon Jayaraman also participated.
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Some old pictures of the Raja Gopuram

Northern Entrance - 18 steps
representing 18 chapters of Bhagavat Gita

View of the Raja Gopuram from Northeast side of 4th prakaram

e £ : e
N = o F
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View of the Raja Gopuram from Northwest part of 4th prakaram
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View of the Raja Gopuram from inside. First floor - Northern entrance
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The working drgs prepared by Sthapathi Shri Kumaragurubaran

Based on the scheme drawing approved by the Chief Sthapathi , working
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For the general understanding of the devotees, our Sthapathi Shri
Kumaragurubaran has prepared the concept drawings along with the

nomenclature for the various parts of the Raja Gopuram.
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Lime-Mortar Development

Conventional way
In the traditional process the granite roller what is seen in the picture is
driven by two bullocks traveling in a circular path, enabling the grinding of

the lime and sand mixture with the addition of water.

e i

Traditional method

In these modern times, we wanted to bring a little mechanization to replace

the bulls by the introduction of the gearbox in the middle of the circle, with

the granite rollers on either side to prepare the Lime-Mortar.

After the studies, we have found the different techniques available. Here
we have decided to pursue as per the good old technique of utilizing the
bulls to traverse in the circular path to grind. During the design of this
machine we have estimated that it may take about a minute for the bulls to
complete one full circle. That is 1 rpm. Therefore, in consultation with the
manufacturer Shri K Kandasamy, Sakthi Drives - Coimbatore, it was
decided to design the suitable gearbox to reduce the speed from the regular
1440 rpm to 1 rpm with the suitable other parts. Here the introduction of
the two grinding wheels diagonally opposite became mandatory to balance
the system. By this process we get an added advantage that the grinding
time can be reduced by 50%.

In the end it turned out to be the perfect traditional machine to carry out

the job. This project was completed in Sep 2016.
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Current method

Two sets of gear boxes powered by two horse power motors each
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12” Depthf;

r e

30’ diameter

Dr. Arun Menon - IIT Consultant, Mr. V S Jayabal - Donor and Mr. Kumragurubaran
- Sthapathi discussing a Lime-Mortar mixer arrangement
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To confirm the quality of thus prepared Lime-Mortar model Gopurams
were built in the fourth prakaram adjoining the Raja Gopuram. For this
purpose we have chosen the karnakudu from the first (5’ x 5’ x 12’ height),

second and the third tier to the actual dimensions.
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This was completed in Jan 2017. On the four sides of the karnakudu, we
have plastered with the Lime-Mortar on two sides and left the two sides
with the original brick structure. This will give an idea about the
complications / intricacies of the structure to the common devotee. This

can also be time tested.
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Bricks

It was equally imperative to utilize the clay bricks possibly of the same

existing dimensions for this purpose.

1L 5 L i
e e

Picture of the bricks with measurements

The conventional bricks is about 3 inches thick. Therefore, the machines

were modified to produce the bricks with 2 inches thickness, close to the

existing bricks.

These bricks were specially produced in Coimbatore to the dimensions

shown and shipped to Thiruvellarai site.
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Brick Testing Report

CIVIL TECHNO LAB PRIVATE LIMITED |

An ISO 9001:2008 Certified Lab
No.12 / 26, Thanthai Periyar Nagar, 2nd Street, M K Palayam Road,
- Sowripalayam, Coimbatore - 641 028. Mobile : 98422 34561, 93825 74564 o
Ref: CTL-CBE/Buifdifs civiltechnolab@gmail.com, Website : www.civiltechnolab.com Date: 21.09.2016
Testorder: 281 dated: 19.0972076

M/S KSK Builders
183, Co- operative Colony
Kavundampalayam e A
Cuimbator:* ‘ 2% e NE CHM M P Iope 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* : YEBC
Technical Reference : [S; 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 3.5 3.5
5.0 5.0
7.50 7.50
10.0 10.0
I".*- 12.5

230x 100x75 | 3.350 9.04 ' - 15.0 15.0

2 (:\IU‘\ [l Bs ; 175 17.5
200 | 200
25.0 23,0
7 | 230x100x 75 : : | 300 30.0
8 | 230x ;(;0\% : ; | 350 35.0
* As furnished by lha. cu lxlmncr -
Note: 1. The resul te only to the items tested.

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

Compressive
Strength
(N/sq.mm)

Sl Measured Size Weight
Ne. {mm) (Kg)

230x 100x 75 3.422 10.96

230 x 100 x 75 3.244 7.61

230x 100x 75

for CIVIL TECHNO LAB P Ltd

-4 g_{/\_,’ A rPA =
S. CHANDRASEKAR, MLE., (STRU)
CHIEF STRUCTURAL CONSULTANT

Al Building Material Testing @nd Building Repair Consultancy
Cement Steel Concrete Design Mix NDT




Nﬂizi% WWMEW.ZMSMMKWMM :
OWripE caifr:ba;ars 6%1 &&Mﬂhﬂe 98422 34561, 93825 74564

Ref: CTL-CBE/Bri/16

I'est order:

M/S KSK Builders

153 dated: 06.09.2016

183, Co- operative Colony

Kavundampalayam
Coimbatore

Seurce of sample

ier’s reference’

Technical Reference

, Website : - www civiltechnolab.com

Date: (08.09.2016

N\ /\ \r U\I:\J',,--f"/}

g
Mg

" o

;"’1{ C.LJJ) Ve

TEST REPORT ON RED BRICKS

I. COMPRESSIVE STRENGTH:

SL
No,

Measured Size
(mm})

FlopErias
=
Sample supplied by the customer /\/SL__ = CL
Letter No: Nil, dated 06.09.2016
Arulmigu Perumal kovil Raja Gopuram works at Trichy
[S: 3495 (Part 1. 2, 3) -1992 (Reaffirmed 2002) &
[S: 1077-1992 (Reaftirmed 2002)

Weight
(Kg)

' i | Requirements As Per IS |

. 1077-1992- Clause 4.1,
Compressive

Strength I

(N/sq.mm)

Average
(N/sq.mm)

TablelClasses-of common
Burnt Clay Bricks

Class

Designation |

__(]\‘qu.mm)__

Average

ol

230x 105x 50" ,2.268
x 105 x 5C 2.486

2.462

14.12
73(\_

15.28

15.11

1557
13.17

2410 |

2.366

230 x 105 x 50 2,154 14.58

230 x 105 x 5

230 x 105 x 5C

45
5.0

5.0

3.5

7.50

7.50

10.0

10.0

12.5

12.5

15.0

15.0

17.5

17.5

20.0

20.0

- 5 iy
300
35.0

250
300
35.0

As furnished by the custome
Note: |. The results relat: only to the items tested.

|
1

Any corrections invalidate this report.

tor CIVIL TF(“I]\'U LABP Ltd

9. £ b ot e\ —
S.C IH\I)RA‘-\r KAR, ML.E., (STRU)
CHIEF STRUCTURAL CONSULTANT

Cement Steel Concrete

Desagn Mlx

Report shall not Iw eproduced except in full, without the written approval of the laboratory.
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CIvIL TECHNO LAB PRIVATE I-IMIT._

No.12/26, ThanlhaiPsrijar Nagar, 2nd smt.uk'myam Road,
Sowripalayam, Coimbatore - 641 028. Mabile : 98422 34561, 93825 74564
E-ma]t Mmhnohb@qmmm. Website : muivimchna!abm

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

~ Yy C

M/S KSK Builders 2. TR

183, Co- operative Colony
Kavundampalayam WHTES
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 Pcrumal kovil Raja Gopuram works at Trichy
Fechnical Reference < IS: 3495 (Part 1, 2, 3) -1992 (Reaffirmed 2002) &
IS: 1077-1992 (Reaffirmed 2002)

I. WATER ABSORPTION:
T I R (R —
Measured Size Absorpti | Average Requirements as per
s DO | (8 e wt) ‘ 18:1077-1992

CGobywt) | " 7"V |  IOF ]

| The average water absorption |
(5 Samples) shall not be  more |
5.44 than 20% by weight up to class |
12.5 and 15% by weight for
230 x 105 x 50 ). | higher classes

Sk
No. (mm)

230 x 105 x 50
As furnished by the customer
Note: 1. The results relate only to the items mtud

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

- |

2.2 | oyl —
S. CHANDRASEKAR, M.F. (STRU)
("HIICFSl'l{l'("l'l'l{-\i,('i)\'."il.iLTANT

All Building Material Testing and Building Repair Constiliancy

Cement Steel Concrete Design Mix NDT




Structural Health Monitoring System - SHM

Another significant feature as recommended in IIT-M, Dr Arun Menon’s

report is the Structural Health Monitoring System.

Structural movements causing settlements, deflections and inclinations
with the help of Ground Settlement Markers — GSM, Building Settlement
Markers - BSM, tiltmeters and deflection gauges.

SHM will ensure safety of the technical personnel and labour during
investigation and execution, and will provide necessary indication of an
acceptable levels of structural movement. Crack width gauges are also
installed.

Encardio Rite Electronics Pvt Ltd, Lucknow has installed the necessary
meters in April, 2017. Periodically parameters are recorded and reported
to assess settlements, deflections and inclinations if any.
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Granite Beams & Pillars

Based on the interim report on the IIT-M it was decided to replace three

pillars and nine beams in the entrance.

Hence we have ordered and received 18 nos. Granite Beams & Pillars,
approximately 95 MT from the regions around Bangalore were brought in

to replace the damaged Pillars & Beams. This also includes few extra

beams, in case if any of them breaks in the installation process.

The first set of beams arrived at the temple on 9 Feb 2017
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The team of sculptors are working on this beams Since, 4th of Apr 2017,
We hope to complete this work by Nov2017.

Immediately after that, the replacement work will commence.
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Strengthening the Kalkaram

Yet another major recommendations given in the IIT-M report is to
strengthen the kalkaram by injecting the Lime-Mortar slurry at random

locations.

Accordingly, we discussed with Dr Arun Menon to select 10 - 15 locations
on the west, south and eastern sides of the Raja Gopuram from inside (4th

prakaram).

55mm diameter, 1000 mm deep holes have been drilled on these locations.
The Lime-Mortar slurry was poured in all the locations and frequently
pushed inside with the 30mm diameter sticks enabling the slurry to reach

the empty pockets, if any, around these holes.

This process was carried out in Apr 2017.

In this process, after analyzing all the Core-cut samples, probably we could
understand that double-leaf construction techniques were used to build
the Raja Gopuram of this size seems a normal practice. The granite stones
thickness being at least 300-400 mm on both the sides, inside filled with

broken stones and Lime-Mortar.
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Core drilling in progress
Location Deails of the Grouting Points
Location - Side

South West -North — .
S 1
South West -North — .
TOP

South West -North —

BOTTOM
South West -North —

BOTTOM

South West -East — TOP

South West -East — TOP

South West -East —
BOTTOM

South West -East —
BOTTOM
South East-West —
BOTTOM
10 South East -West — TOP .
11 South East - North —
TOP
12 South East - North —
TOP
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South West =2 North—Top 1.25 Ltrs Width —2.8 Mts Height — 5.3 Mts
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South East == North—Top 3.0 Ltrs Width—1.2 Mts Height —5.4 Mts
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B 03 Apr 17

South East == North—Top 2.5Ltrs Width—4.8 Mts Height—5.2 Mts
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South West Corner
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Visit of UNESCO team on 30 May 2017

As per the recommendations of the Madras High Court, the fact finding
UNESCO team arrived from New Delhi to get an onsite impression about
the quality of the work going on.

The team was mighty impressed about the procedure for Lime-Mortar
preparation and the equipments used. Shri V S Jayabal was personally
involved by explaining the team about the salient features that were being
followed. They also reviewed the model gopuram and the feasibility report
submitted by IIT-M.

UNESCO & ASI team inspecting
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UNESCO Team inspecting the Model gopurams and Shri V' S Jayabal explaining the

necessity for the model gopurams as a Quality Control exercise.

UNESCO & ASI team along with Joint Commissioner
inspecting the work in progress
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The team were happy about all the procedures and the documentation

systems. The copies of the documentation were handed over to the team.
The only concern for them was whether to increase the height of the
existing Raja Gopuram from two tiers (approx. 60 feet height) to the

ultimate seven tiers (120 feet height).

Our Sthapathi Shri Kumaragurubaran handed over a recommendation
from the Agama sastras that this incomplete Raja Gopuram can be
completed to the seven tiers for the betterment of the temple, the

people in and around the villages and the society in general.

UNESCO team mentioned to us that they are un-familiar about this
concept and that they want to conduct Agama workshop around Aug 2017
to take a final decision before submitting the final recommendation,

inspite of giving our documentary evidence.

As a donor, we also made a request to present the powerpoint presentation
with reference to the Agama sasthras related to this Raja Gopuram

Thiruppani. They have also agreed to our proposals.
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Visit of Dr Arun Menon, IIT-Mon 10Jul 2017

Review visit was made by IIT-M on 10 Jul 2017 to plan for the future
works, subsequent to the visit of the UNESCO team.

As a traditional practice according to the Agama sastras, the existing
ground floor concrete roof, constructed around 1967 as a stop-gap

arrangement, was to be replaced by the granite beams and slabs.

This needs to be executed very carefully without any vibrations / damage
to the existing structure. It was decided to use the core cutting technique
to remove the existing 200 mm thick two way concrete slab, which was
built with 16mm diameter steel reinforcements. For this purpose we have
designed and fabricated a suitable machine, capable of cutting 10” thick
slab with the 24” circular stainless steel cutter with water cooling

arrangements.

Further it was also decided to retain the similar wooden beams in the first
and subsequent floor roofs and construct the roof in the traditional
Madras Roof in accordance with the Agama sasthras.

This will facilitate easy replacement of either the beam or the roof in the

subsequent years in case of any detoriation, damage due to thermites or

any other failure. This process may not cause any vibration to the existing

structure.

After analyzing different roofs, we have chosen the Illuppai maram (wood)
instead of Teak or some other woods. This illupai maram has got high

strength and better longitivity than the similar woods available.
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View of the Raja Gopuram from inside - Dr. Arun Menon, Mr. V S Jayabal and
Mr. Kumaragurubaran - Sthapathi, inspecting
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Removal of the Concrete Slab

This process was commenced on 20 Jul 2017.

Pooja was performed and attended by Joint Commissioner, Donors and the devotees

It took about two weeks for the complete removal of the slab by the core

cutting technique.

After removing the slab, we were surprised to see the heavy crack in the

kadhavadi granite beam. This was also to be replaced.

Possibly this and other cracks were existing earlier in the northern
entrance of the Raja Gopuram, on the northern side. That was the reason
the make shift door was constructed for the height of about 10 feet, 6 feet
width, partially closing the full opening of 20 feet, with a 5-6 feet wide wall,
obstructing the entrance door structure with the complicated sculptures
(both the eastern and western side and the top frames). During this time,
8” thick two way RCC slab as mentioned earlier was also constructed
which was against the Agama sasthras. This necessitated the replacement
of this with the Granite slabs.
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Joint Commissioner and the Donor inspecting the ground floor slab after being cut
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Inspection by the team
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~i==——————=== The crack seen in the kathavadi beam .
: also seen is the two way BCC slab cast under crisi_f

.ud “*_n-_f_--—f-s;-

View from the 1st floor - Southern side

Upon further inspection after partially removing this dummy wall, we were
shocked to find another crack on the top door frame. The sculptures on the

door frames were also damaged.

This lead us to further washing the ceiling near to this dummy wall at the
entrance to remove the white washing. Another major crack was noticed
on the muha uthiram. This is a pretty heavy granite beam (25 feet length, 5
feet width and 4 feet height, approx. weight 25 MT.)

At this stage Dr Arun Menon visit was called for.

These heavy granite beams to our / Sthapathi's knowledge were not
available in Tamil Nadu and the source was located in Karnataka on the
Bangalore — Hyderabad National Highway approx. 110 kms. from the

Bangalore city.
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Sourcing /Procurement of the Illupai Wood

We were scouting for such a heavy, well grown illupai trees atleast 80 to
100 years old and beyond. This was also located near Chikbellapur, 100
kms. north of Bangalore.

The trunks of these trees were about 3 feet diameter and 15 — 20 feet tall,
with the total height of the tree being 60-70 feet. To attain this heavy trunk
the trees are to be atleast 100 years old. Normally the trees in the highways
grow slowly and takes quite a few decades to grow to this size. Slow growth
hence more strength. On the contrary the trees in the rain forest grows
faster to this dimensions, which might mis-lead us in regard to the
strength. That was the reason we were looking for the trees on the dry belt.
Due to widening of this National Highway to Chikbellapur, they need to
sacrifice these trees. Subsequently the contractor cut these trees and
transported the logs to saw mills at Cuddalore to cut to the required

dimensions as stipulated by the Sthapathi.

These sized beams need to be given a protective coating, to protect the
attacks from the thermites, insects etc., This protective coating is a tailor-

made from the cashew nut oil along with some herbals.
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Visit of Dr Arun Menon, IIT-M on 28 Nov 2017

Shri V S Jayabal along with Sthapathi Shri Kumaragurubaran organized
the visit of DR Arun Menon to inspect the cracked beams as mentioned
earlier by the ultrasonic technique. The equipments, he brought along
with him. The Executive Engineer Shri Thiyagarajan, HR&CE dept. and

his team were also present while the inspection was in progress.

The following beams were tested

1. The muha uthiram — beam at the entrance ceiling approx. weight 25 MT
through and through crack in the middle

2. Door frame approx. weight 15 MT - again cracked on the western side

3. Kadhavadi beam - supporting the concrete structure weight 25 MT

cracked on the eastern side

! tﬂth w

Ii ili‘

The team testing the granite beams (kathavadi) for cracks
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This 2’ x 3’ opening was made on both

east and west to inspect the door frame e
e [y

Damaged door frame
Possibly this could be the reason for constructing the 6" w & 20’ ht dummy wall reducing
the opening at the northern entrance
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Es S S
The seriousness of the
visible cracks was confirmed
'ﬂ by Ultrasonic inspectiort
to the entire length of the beam.
\ W N

S This was not visible earlier,

B The dummy 6 th
SEpY | distress,

Kathavadi beam

The general view after removing the concrete slab
to be closed, with granite beams / slabs as per the Agama sasthra
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The team inspecting the sized illupai beam
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Analysis of the Foundation Details
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After inspection, it was decided to replace these three beams.
Accordingly, these three beams arrived at the temple site on Feb 2017 and

the sculptors are working on it.

Completed Pillar and the Bhodhi
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ite Beams

Completed Gran
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Erection of Scaffolding to enable replacement of the granite
beams.

To replace such heavy 3 nos. granite beams weighing about 25 MT each, at
a height of about 20 feet from inside the Raja Gopuram, we need to erect

safe scaffolding. This work is in progress.
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11. Sthapathi Report

Memorandum of Understanding with Sthapathi

Memorandum Of Understanding

Between

SRI PUNDARIKATCHA PERUMAL RAJAGOPURA THIRUPPANI COMMITTEE
[SPPRT Commitree]

represented by
Sho VS JAYABAL, Foundry Engineer
Residing at

35 Lalbahadur colony, Peelamedu, Coimbatore 641004

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

Cuddalore District.

De\g
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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.
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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.
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In the witness wher the undersigned have signed this Memo L erstanding, in two

originals at Thir




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. -
2, ALAGAPPA UNIVERSITY
’ KARAIKUDI—630 003 TAMILNADU
DISTANCE EDUCATION
FACULTY OF ARTS

POST GRADUATE DIPLOMA IN TEMPLE ARTS

This is to certify that
Rumazra ran 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 cﬁmm:{ ' class.

Given under the seal of the University

1

@ (Y O -
KARATKUDI b .

. REGISTRAR
Date: =3 JUL tuul
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Biodata of Shri. Kumaragurubaran, Sthapathi
- Approval from HRCE Department
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Srimathe Ramanujaya Namha

SRIPANCHARATRA AGAMA VIDVAN
Therazhundur K.SRIRAMAN BATACHARYAR
Sri Pancharatra Agama Samrakshana Sabha, Mobile : 979-170- 2035
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13. Capacity Building

The 5th clause in the MOU between Shri V S Jayabal and IITM given

below highlight the importance we attach to the capacity building initiative

Shri V.S.Jayabal has understood the magnitude of the project in its
various dimensions and would like to go ahead with the construction as

per the religious rules, Tamil Nadu Government HR&CE department

regulations, repeating the same architectural pattern of the existing two

tiers and use this project as an educational tool to the present day
archaeology, civil engineering and shilpa shastra students as and when

needed.

Already a part time PhD candidate at IITM Mr. Debopam Roy, a faculty
member at the National Institute of Construction Management and
Research Pune, working on the project management challenges in
Heritage Conservation Projects in India under the agesis of the National
Center for Safety of Heritage Structures — NCSHS - for his doctoral thesis
has visited Thiruvellarai and conducted onsite studies for his thesis to be

presented to the University of Pune.
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As per the advise from Dr Arun Menon, Asst. Prof. - IIT-M, the Executive
Engineer - HR&CE Dept., based in Madurai came to Thiruvellarai on 5
Friday Jan 2015 in connection with the Thiruchendur prakaram
demolishing and reconstruction work, to learn about the ways we have
used to cut the 8 inches thick two way RCC slab, 16’ x 16’ . She also
discussed about the tailor made core cutting machinery used for the above

job which was partly designed by Mr V S Jayabal the donor.
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X

IBILITY STUDY ON CONSTRUCTION OF RAJAGOPURAM OVER

| THE EXISTING KALHARAM AT SHRI PUNDARIKATCHA PERUMAL

TEMPLE, THIRUVALLARAI

INTRODUCTION
The authorities of Arulmigu aranganathaswamy Temple Srirangam have decided to construct

Rajagopuram over the existing kalharam at the entrance of the Sri Pundarikathcha Perumal

at Thiruvellarai.
The Joint Commissioner, Arulmign Ranganathar Temple, Srirangam Trichy, vide letter

414/D5 dated 19.02.2014 has requested for the technical expertise report, about the
of the construction of new seven tier Rajagopuram over the existing structure(Kalharam)

e entrance of Sri Pundarikatchaperumal Kovil , Thiruvellarai, from the National Institute of
ology Tiruchirappalli — 620 015.

The scope of work is not limited to and include inspection of the incomplete Raja Gopuram at

Pundarikatcha Perumal Temple, Thiruvallarai, Trichy District and to provide a

/technical scheme to complete/rehabilitate the construction of Raja Gopuram. This report

ats the details of the inspection and recommendations.

INSPECTION TEAM MEMBERS
The following are the members of the team which conducted the few rounds of site visit 10
nplete Raja Gopuram at Shri Pundarikatcha Perumal Temple, Thiruvallarai on various days.
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Dr. G. Swaminathan, Professar, Dept. of Civil Enge., NITT.

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

Dr. K. Muthukkumaran, Assoctate Professor, Dept. of Civil Engg., NITT.
‘Er. 5. 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

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 guo of the structure on the date of inspection

‘@ 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.




an: Two open pits were made adjacent to the outer side of the Rajagopuram to
- tvpe of foundation and the resting status. It is revealed that a stong masonry
shallow foundation is employed and is resting at a depth of around 3.0m from the
] . The foundation is laid over a medium weathered rock with a sand

tion: Two Boreholes were made at the Rajagopuram site; Standard Penetration
‘conducted at every Im interval and soil samples were collected and tested in the
5. Boreholes (BH-01 & 02) were terminated at a depth of 10.0m and 6.0m
below EGL. Ground water table was not encountered within the investigation
Rock core samples were recovered for rock quality estimation. From the field
1., it is observed that the encountered soil in borehole one (BH-01/ drilled inside
ple) up to 1.0m depth is made-up soil (filling soil) and followed by medium to dense
S0l wp 0 3.0m below EGL. From 3.20m onwards a layer of partially weathered
nweathered with RQD values 20 to 60 was encountered up to end of borehole i.e. 6.5m
EGL. In borehole two (BH-02/ drilled outside the temple) up to 3m depth is made-up
s0il) soil with medium compactness and Tollowed by soft disintegrated rock (SDR) up
n and then partially weathered rock/unweathered with RQD 20 to 50%.

"ATIONS MADE DURING INSPECTION

ne 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-
ity reinforced conerete sections at appropriate places.

- was informed that the RR stone masonry would be a peripheral one and the inside may
ﬁ]_lcd with filler materials.
& Sentlement cracks were observed near southeast corner of the Raja Gopuram structure.

USION AND RECOMMENDATION
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 1o be safe at all the seven tiers, The detailed design calculation
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’.
Based on the peotechnical investigation, the proposed type of foundation is Raft with
foundation depth of 4.0m from EGL.
ary image of the Raj Gopuram has to be brought out and the team is of the opinion
y/construction can be carried out to bring the Raja Gopuram to its desired form.

o g b

umaran Dr. K. Baskar Dr. GG. Swaminathan
SOT Associate Professor Professor
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NATIONAL INSTITUTE OF TECHNOLOGY, TRICHY BORING LOG

PROFICT MAME: i for the Pragosed Reconiruction of Ralagopuram at Shrigundaraatcha wmmﬁqF 3

na Perumal Temale, Thinseailanai (ingida temple)

" [TVPE OF BaNING: Rotary Drling

A OF BORING: 15Gmm soumG 0. BH - 01

BUA 0F UNDISTURDED SAMPLE. - TIATE COMMENCED 14,08 3018

[CATIeG RAMMER WT R DROP N & |ATECOMARLITED. 16.05 3014

HANEME WT & DROE 633 kg TEdmm
- i e i

Sampis
Biows pad

Glaszifieation CESCRIPTION

Sard with it {[iling sll}

Madham durse, poory graded sand

Btwsdham deria, pocly graded sand

et i deemins, poorly praded sand

PFartisBy weathened fotk: LT =300 & ROD= 2

Urigegrheied rock REC=GOK & AOD-A0K

Ui gthared rock AFC=00% & HIAD-E0N

LEGEND:
SFT L STANCMARD PENETRATICN TEST & NUMGER
| URDETRUIED SAMPLL
| PANT SAMAPLE E NUMBER

ROOC CORE BAURd S NULIBER
- ROCE GUALITY DESIGNATION

WATER TARE

Barchaly termirated at & 4m depth

P ROEK CORE RECOVERY
+SOFT D NTICRATED BOCK
HRGHL Y WEATRERED RO
CPARTIALLY WEATHERED RIOTK

UNWEATHERED ROCK




MNATIONAL INSTITUTE OF TECHNOLOGY, TRICHY BORING LOG

 PRUJECT NAME: G for the Proposed REconsiuctaan of Ramgopurirm 31 Shipundsrietcha Peransal Tompas, Thiruvallara:
— | T, Tharualiars [inssds teenpie) =%
Treciiiree - TYPL GF D ING: Rataey Driling ;
JEAST: — Dl GF BRING: 150mm Jsonnis o BH-02
LA CF U TURGLD SAMPLE DVATE COMMERCED. L7 05 2014
i A AAMIAEI W, B VP A DATE COMPLETED, 10 05 2014
3 HARIMER T, & DIROIF: 6.5 b | 760mm

ClassHication

Samd ‘with =it {Fling soi}

Kedium dense, poorfy graded sand with gravel

Medisn derse, poorly graded sand

Wadium denge, poory graded sand with gravel

Yery denae, poordy graded sand

Wery dense, pooedy graded sand with gravel

Very derse, poorty praded sand with gravel

soft dmtegrated rock, REC=0 & pab=0

Unweathered n_u:k: REC=30r% & ROD=200

Unweathered rock BOC=G60% & ROOD=a0%

Unweathered rack REC=00% & ROO=-50%

Dorehoks parminated o7 10 depth

T 3 SIANDARD PENEFRATION TEST 5 NUMGER
§5  UNDISTEUEED SAMPLE REC 1 AENCK CORE RECOVERY

] HANDUSAMPLE & MUMEER DR+ EOFT (NSNTEGRATED ROCK
i ROCK CORE RURY & HURIBER. HWR - HIGHLY WEATHERED AOCK

5 ADOK QUALITY DESIGHATION PR PARTIALLY WEATHERED ROCE
5 FCK ; UNWEATHERED: ROCK

WATER TABLE
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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 Ts 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 VISIB 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 Raja Gopuram with
two tiers in Sri Pundarikatcha Perumal Temple in Thiruvellarai to a seven-tiered Raja Gopuram.In this
connection, SPPRTC hadapproached IIT Madras on 20" February, 2014 for guidance them in the
construction of the Raja Gopuram 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
Raja Gopuram.
(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 Raja Gopuram 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 [IT 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 Raja Gopuram.

Table 1: Direct compression test results under dry condition

> Designation h/d Failure . ; ram erc:' cc::ﬁcztfd.ff 1a i
No. | DESEnatION | o | Lond (kny | () | (m) | (grams) | (MP) p-1- 1974
(MPa)
1 D1 12.6 25 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::‘;r)l;)llfgch?ttera;ager IS Corrected Fm
) stress, Fm (MPa) ratio (MPa)
1 2.62 2.8125 0.8375 2.19
p) 1.6 2.5000 0.8000 1.28
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 Raja Gopuram 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.

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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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
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 appeadrs 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 IIT 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: (O) 044-2257 4299; (M) 99629 34559
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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 pXoo) 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) 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.
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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.
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14. Conclusions

“/ e have presented here the systems followed by us in two areas namely

religious or agama related and engineering related
Religious or agama related
We have reported the sthala puranam from both religious and historic
perspectives
We sought the guidance and blessings from various temple administrators
and discussed with them on multiple occasions.
We have presented multiple pramanams for this thiruppani particularly
why and how the incomplete Raja Gopuram should be completed and the
Raja Gopuram can be constructed on northern entrance also.
Engineering related
This report 4 details the work already done in the fourth prakaram and the
work being done now strengthening the kalakram under the guidance of
IIT-Madras.
The present work — the structural aspect — is in compliance with the
general UNESCO recommendations. Further, importantly, the procedures
and systems implemented like the
Working with and under the guidance of [IT-Madras and NCSHS under the
frame work of the MOU

Pre thiruppani Structural analysis and assessment with the

present day state of the art technology

Grouting of the stone and brick masonry

Using the lime mortar prepared in the traditional way

Installation of Structural Health Monitoring system

Quality control on material samples

are over and above the UNESCO recommendations.
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With humility we may state here that the above

procedures / systems / technologies, planned and
designed by us, after three to four years of readings,
discussions and debate is probably the best system one
can follow as of now in gopuram renovations, since this
system is as per the shilpa shastras, agamashastras,
present day construction technology norms and
conservation norms.

Whether these procedures / systems / technologies can
be used for writing / rewriting the manuals for future
thiruppani, we leave it to the wisdom of the learned HRCE
officials.
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ZOOM EARTH

EXPLORE HISTORICAL AERIAL IMAGES

Aug 2010 - Feb 2015

rThiru\f'allarai

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.

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




