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PREFACE
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#
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The ullapieriyar dam was constructed and completefl in 1895 across the river

Periyar in ﬁhe then Travancere State to meet the requirements of irrigation in a

!
Madras Presidency. The Periyar dam is the first composife gravity dam of its kind in

the countr Jand also perhaps one ofthe earliest projects $f inter-basin water transfer.
Due OCC‘III‘I‘E‘HCG of some recent earthquake in the area; concern about the safety of
this lhfl vejars old compos:te gravity dam was raised. Aﬁ a resu.lt the seismic safety
analyisis oﬁ Mullaperiyar dam foundation system was rhferred to:the Department of
Ear qualc{e Engmeermg, [T Rootkee by the Chief Engmeer, I & A and ISW,

Gov mm%nt of Kerala vide letter No. GO (RT) No. 10%7/2007/WRD dated August
; . n 5

08, zbos [

The%sn-ucl'tural stability_fof Muillaperiyar dam has been arried out;'i'n two parts. Part-I
deals wit:i1 deals with 'the .seiSmic ‘hazard assessment whereas, Pz;rt—II deals wirh. the
seismic stablhty analyals Thls study deals with Part-I[ji.e., the 2D Plain Stress Linear
Dvnarmc Finite Element Model (FEM) Analyses of Ma*n dam as well as Baby dam. In
this conpection varxous reports on the study on M?llaperxyar dam conducted by
Govemrpent of Tarmlnadu, Central Water Comm:ssTn (CWC) and Government of

Kerala were provided.
' {

|

The useful suggesuons prowded by Er. MK I?arameswaran Nair, Chairman,
ullapgriyar Special Cell, Dy. Aran Bapat, Chairman, Expert Commzttee, Er. P. Lathika,
tief Engineer, 16A and ISW, Er. N. Sasi, Chieff Engincer, I&A& ISW, Er.
idharan, Chief Engzueer (Rtd), KSEB, and Er ]z}mes Wilson, Assistant Executive
n gmeLr, KSEB are greatly acknowledged. !l
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The investigationis have been carrigd out by Dr. D K. Paulf'Professor and Dr. Pankaj
Agarwal, te Projéséor in the Department of Eartt;lquake Engineering, [T

r
Roorkee. Mr. Brijesh Singh, M. Tech student and Mr. Rajib Sarkar, PhD. Scholar,
Departmeft of] Earthquake Engi;leering provided help gn conducting the finite

i .
element ahalysis of the Main damuas well as Baby dam in addition to preparation of

the technital report. ;

Dated: Odtober{9, 2009 (D.K Paul)
' Profes_ggir

.
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The Mullaperly‘ar dam is a composite gravity dam built durin the period 1887-1895. The

EXECUTIVE SUMMARY

front and rear faces;' of the dam are built with uncoursed rubble masonry in lime surkhi
mortar. The heartmg, which accounts for 62% of the volume ofjdam, is constructed of lime
surkhi concrete. It lies on the Western Coast of India in the lState of Kerala and lies in
seismic Zone [II as per the seismic zoning map of India. The 53.&6 m (176 ft) high composite
jl nows more than 114 years old. I

!

Lime Surkhx.fa tendency of leaching when it comes in cor#ct with water. This process

gravity dam i

reduces the tren h of lime surkhi mortar which reduces thé strength of the masonry. In
1930s and 1960s grouting and guniting were done to check the seepage of water from the
body of the j‘jam *Concrete backing on the downstream face As strengthening measure was!
undertaken | fin 1‘5*805 It is anticipated that ageing effect mﬁy have deteriorated the dam
material and may have become vulnerable under a future stﬁong motion earthquake and in
the eventuality of dam failure human and economical [osLes may result. [t is therefore|
considered appmprtate to assess the safety of the dam urfder future seismic threat, The
complete smsmli: safety study on structural stability of Muﬂapenyar dam has been carried|
out in two!parts; Part-1 deals with the Seismic Hazard Assesdment and Part-Il deals with tha
Seismic Stfiblllty Analysis. | | }

| _- Ii

Accordingly, §eismic hazard assessment studies at dam site have been undertaken

consideripg the recent increased’ seismic activities- usm the current methodology.
details of Part-l study can be found in Ref.2. The Peak und Acceleration (PGA) valu
under ld[axnmum Credible Earthquake (MCE) condmo

exceedaﬁce i 50 years.
!

iii i

is estimated as 0.21g for 2%




analys1s should

affected by ageing etc.

iv

a ertamed by taking into account the current material properties
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exceeds the maxunum static tensile strength of 0.67 N/mm? of random rubble
masonry in Babyidam{ The maximum tensile stress under statno plus earthquake

condition at reseryoir lével 160.22 ft is found to be 0.81 N /mm? which is less than the

ultimate seismic [appakrent tensile strength of 1.3¢ N/mm?2 Also the maximum
compressive stre§s developed at the heel of the Baby dam is 1.35 N/mm? which is

well within 6.712/N/mim? ultimate compressive strength of random rubble masonry.

The Baby dam is found to be safe up to reservoir level of 155 ft. Hoiwever, at reservoir
1

level 160.22 ft th¢ dam heel may undergo some cracking. The darm is also found to

have exceeded naxi um tensde strength under static plus earthuake cond:tlon,

N

and therefore mjy undergo some damage at dam heel. #

Tyl T

!
|

RECOMMENDATIONS AND CONCLUSIONS

Vel

1. The earthquake safety of old concrete or masonry gtravity dams under

moderaté to sfrong ground motions is of great concern. Altflough there is n:'él'

uirés no collapse unc!er .Max1mum Credlble' Earthquake (MCE)

finite element analysi§ of dam subjected to static and seismig
tensile stresses at the heel of dam-foundatipn interface. e

2. The Majn Mullaperiyar dam under ‘DBE condition (corgesponds to a seisrﬁi:"_
co-efficient of 0.12g) under reservoir I;evél of 136 ft, the trle stresses mduc:ed:

ue, ie, 1.57 N/ mm?

againstf0.78 N/ mm? permissible for é;R Masonry. ;:

a‘f

VICEicondition, the mammum tensnle stress at th1: heel of the dam mcf'

the order of2.67 N/mm? undet the rgservom level of 136 ft, which far exceeds
t& apparent seismic ténsilge strength of 0.78 N¥ mm?2. On the basxs-,_of
ve stdy it is found that the;static tensile stres,

and combined static

g
|
|
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plus earthquake tensile stresses at heel of the Main dam exceed the average

\ ultimate terjsile strength of RR masonry (provided@ by the Irrigation
Departiment |of Kerala), and therefore the Main dam during static plus
Earthquake (MCE/DBE) condition is likely to undergo damage.

4. The Baby dam under static plus earthquake condition up to reservoir level of

155 ft {s found to be safe. For probable maximum fldod which will cause
reservair level to rise up to 160.22 ft, the Baby dam mayjundergo some cracks
, _ at the dam hLel Under static and earthquake loading co Idlthl’lS for Maximum
Considered Earthquake (MCE), the tensile stress at dam heel exceeds the

maximfim apparent seismic tensile 'stress and therefo#e the random rubble

masonty of Ehe Baby dam is llkely tolundergo damage

5. Based pn thfh analysis, both the Main Mullaperiyar daim and Baby Dam are
likely to mifdergo damage which may lead to failu under static plus

earthqttake tond ition and therefore needs serious attention.

6. Most q( the lvalues adopted here for| material propertiegare based on the tests
condugted some 20 to 25 years back. During this jperiod this dam has
definitely gone through considerable deterioration | due to ageing and

weathering| As such the assumed parameters may bejnaturally higher than
ng] P Y y ug

I
the insitu C(?ndition. Proper assessment of existing maltrial properties is very

imporl';ant for the safety assessment; It is therefore recommended to carry out

further testi;hg on the dam and foundation materials. |
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