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SYNOPSIS

Industrialisation and food production have been aptly
included on the priority list in a planned all out effort for rapid
development on all fronts in India.

Thus increase in Irrigation potentisl and development of
hydroelectric power by full development of water resources in the

country is the need of today.

For aghieving the above objectives, owlng to the unfavourable
distribution}of rainfall in time and space it has become necegsary to
store water by construction of dams. However as the availability of
suitable construction sites is limited; we will have to consider
heightening of some of the existing dams for enhancing their storage
capacities. Also with the increased demand for water, some of the
old existing structures have been put to an intensive use and therefore
it becomes necessafy to investigate fully the safety of these structures
afresh in addition to exforing the possibility of increasing their
storages. Instances can be ecited in this connection of Tansa dam
(near Eombay) Thokerwadi dam, Shirawata dam and Walwhan dam in
Maharashtra gstate which had to be strengthened. The storage of Tansa

dam was increased thrice in the process.

Strengthening of Koyna dam in Maharashtra'sféfé;can be

cited as another\major work of strengthening which 1s now completed.

N

In order to allow for some forces like uplift not considered
in the initial design and to allow for the possibility of oeccurrence of
earthquakes on the Deccan plateau some existing dams in this State,
like Bhandardhara dam,Darna dam, Radhanagari dam etc. are also being

strengthened. *
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Thus there is a need for strengthening the existing dams and

also‘a necessity of planning the construction of future works in stages.
Strengthening of dams can be done in various ways, a particular method

in each case being selected from m® economic eonsiderations and its

suitabillty for the type of dam to be strengthened.

The aspects of streﬁgthening of gravity dams especially by
provision of downstream backing are proposed to be discussed in details
in thié dissertation. The strengthening of Koyna dam in the State of‘
Maharashtra to which the author belongs is also disecussed at length in

chapter V as a concrete illustration.

An attempt has been made to bring out all important design
and construction problems involved in as many details’as possible baged

on the avallable literature on this subject.

It 1s hoped that the discusiéion presented will at least serve
to give some insight into the problems associated with the strengthening
of gravity étructures, especially those involved in thickening of the

existing section.
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NECESSITY FOR RAISING OR

STAENGTHENING DAMS




CHAPTER - I,

Necessity for Raising or Strengthening Dams :-

1.0 Water is one ofthe five basic necessities for the survial of
human ecivilization. It being so badly needed by man, he could not gllow
it to go to waste, unutilised, espscially as nature plays the trick of
supplyigg it in an irregular fashion. Such unsteady’suppiy of this
commodity with respeet to time led man to mbdify nature's landsbape with
his own creation of obstructions in the form of dams and other stru- |
ctures for storing water at a time when its supply exceeded his require-
ment and utilising it when the supply fell ghort of his needs. Thus
dam-building 'is an old art, which has now beceme a science through techno=

logical development.

1.1 ;n‘the past damf were constructed to create storages sufficient
to meet the need of immediate future. If due to inereases in demand for
various feasons, more water was required, new storages were created at
new suitable dam sites. However, a good dam site; from geological and
topographical considerations is-.a gift of nature, a fact which puts a
limitation on the number of separate dams that can be built on a rivér
system. Thus with continuous utilization of favourable sites(inecluding
those which can be made suitable by special treatment) a stage is Eound
to be reached, when no more storage sites are.available and yet more
quantity of water is required to be stored for further ttilization:.
Under such circumstances, there will be no other option but to raise

the existing dams by suitable heights for this puspose.

- 1.2 L . Even when some sites are available for constructing new dams,
in some cases it can be worthwhile to make a comparative study of two

alternatives namely cost of construction of a new dam versus cost of

raising of an existing dam per unit quantity of additional storage.
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When the latter alternative'is cheaper, the same will be preferred from
economic considerations. Thus raising of the eXlsting dams can be an
alternative solution to the ereagtion of seperate additional storages in

siuch cases.

1.3 Thus exhaustive utilisation of water resources needed to meet

the ever growing demand for water is one of the main reasons for rgising
of dams. Strengthening of dams i1s generally needed in most of the .

cases when raising is to be d one. It is on the other hand also needed to
make a dam stable, which is considered to be rather inseenre due to
reasons which can be several. In the latter case, it can be in the form

of a repair work, while in the former it is no doubt an original work.

1.4 To clearly dlfferentlate between raising and strengthening ; we
can say that raising is that additional part which is constructed aghove
the top of the existing dam to increase storage capacity while strengthen-
ing is that addltlonal part constructed below the top of the ex1st1ng dam

in connectlon with raising or repair.

1.5 Some of the reasons (1) which have necessitated raising or stre-

ngthening of dams in the world coul@ be summarised as below :

(i) Increase in population & Economic Development :

One of the principal reasons for raising of dams has been ever
growing demand for water due to inereases in population as well as rapid
pace of industrial development. Growth of podpulation leads to greater
demands for water supplies for domestic use as welllas growing more food.

The demand for inerease in food production results in increase in irriga.
tion requirements thus inereasiig the demand for irrigation water. In
under-developed countries, where development plans for rapid progress are

pursiued with vigour, this demand is bound to grow at a tremendous rate,



which means more exhaustive utilisation of water resources. This

stresses the importance of this subject in the present times.

Exampies for raisings done on this account are many. To eite
few of them, we can mention Asswan Dam in Egypt which was raised twice,
due to increases_in irrigation demand and Tansa dam which was raised

thrice to meet water supply needs of Bombay in Maharashtra State.

(11) Reapprisal of data:

(a) At the time of construction of dams, the hydrological
records available ﬁay not have been sufficiently exhaustive for accu-
rately assessing water potential of the catchment. Thus revision of |
hydrological studies based on available additional hydrological records
may lead to consideration of inereasing the storage capacity of a dam

to minimise wastage.

Odomari dam in Japan was raised by 10.5 metres as it was

of inadequate capacity causing wastage of water by overflow.

(b) Data on silt load carried by rivers ig not generally
available at the time of construction. If subsequent to the constru-
ction of dam, it is realised from data collected since then that heavy
inflow of silt may be expected, it may be found necessary to increase
the storage spaece allocated for silt-deposition in order to maintain
the useful life of the reservoir. This can be done by providing extra

storage eapacity by heightening the dam by the required smount.

Jalaput dam in the Rajasthan State of India is such an
example. Thus originally estimated dead storage capacity of 7 M.em.

was subsequently revised to 77 M.cm. which needed a raising by 3 metres.



The Guayabal Dam in Puerto Rico 1s another example. The
reservoir silted up within 31 years to the point where its capacity was
reduced to 40% of the original volume, which led to reduction of
irrigated area. Raising was done to incréase the pond-level by

4.8 metres to restore the original live capacity.

(e) In'some instances, the need to allow for some forces,
which could not be foreseen at the time of initial design is reglised

at a later date, necessitating thereby strengthening of such structures.

~ Koyna Dam in Maharashtra State, India;is one such example.
Tre dam has been constructed in the Deccan Plateu which was considered to
be an aseismic zone, until the area'near Koyna dam experienced a strong
earthquake in 1967. This 1ed‘to recongideration of désign criteria as
regards magnitude of earthquake acceleration to be allowed for in the
computations and consequently to the necessity of subsequent strengthen-
ing. ; |

(iii) Evolution of Design-Criterig ¢

There have been cases in which the actual loads acting on the
dam exceeded the loads considered in its design. Several examples can
be eited of masonry or concrete dams constructéd in the past where no
or inadequate uplift allowance was provided for in the design and thus
the dam sections when analyéed on the basis of present dewign criteria
showed tensile stregses on their upstream faces which are considered
undesirable in the design of gravity dams. Such dams require streng-
thening whieh can be‘done by addition of weight to correct the streés
conditions. In such cases, when strengthening is t§ be done, heighten-
ing can also be considered simultaneously as an incidentzglly possible

proposition.
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Fixamples-Chenrfas dam in Algeria, Tansa amd Shirwata dams in

Maharashtra State in India, Barker dam in America.

(1v) Deterioration of materials

Repairs have heen found necessary in several cases to arrest
deterioration of mortar or conerete at early stageé, which otherwise at
a later stage may result in disintegration and high rates of leakages.
The reasons for such decay may be frost action, severe temperature |

conditions, acidie waters; bad workmanship and many other factors.

Asswan dam in Bgypt and Mosvann dam in Norway had to be
strengthened to reduce leskages and arrest deterioration due to acidic
waters., - Ringedal Dam in Norway whieh was affected due to severe
temperaturs conditions (85° F to 0° F) and aeidic waters (PH value =5.9)

had to be strengthened,

Odomari dam in Japan suffered from weathering action on
upstream and downstream faces. Conecrete in the dam was also not of a
good quality.' This and other considerations led to its strengthening

and raising.

(v) Better Efficiency in Hydro-eleetric Schemes

Fluctuations in the reservolr level require elasticity in
generators to maintain efficiency. The fluctuations are high,. when the
stored water is mainly used for irrigation purposes. Heightening
of a dam places the volume affected by regulgtion on a higher position
because of the corresponding raising of the minimum drawdown level
which betause of bigger surface area at higher levels gives smaller
fluctuations in level under the same regulation. -Thus a greater useful
head as well as a reasonablv constant head could be obtained. This
sort of heightening is thus more .applicable for hydro-electric.utili-

zation of reservoirs ereatei basically for regnlation with irrigation,



as the purpose.

(vi) Advanées in Technology

Technological advances in design and construction methods may
justify heightening of dams in somé cases. For Instance, advances in
the methods of analysis of hydrological data may sometimes indicate the
need for increased flood handling ﬁrovisions. Economic considerations
may often involve a combination of increésed spillway capacity and
addition of temporary surcharge storages achieved by heightening of damse.

Examples = Alamogordo dam in New Mexico.

1.6 Information about gravity dams heightened in the present

century is given in Table No.I.

1.7 Thus heightening and strengthening of dams may be necessary
in several cases from considerations of safety or better utilization of
water resources in the most economical manner. In the cases of cou-
ntries like India, where water resources play an important role 1n’the

economy of the country, significance of this agpect is still greater.
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CHAPTER - II

METHODS OF HEIGHTENING OF DAMS

2.0 General
Broad classification of the methods of heightening of dams
can be done into two groups @
1. Direct heightening,
& 2. Strengthened heightening.

Thé second catagory can again be further gsubdivided into methods
which use different techniques for strengthening. These gre given
in Table No.2 enclosed at the end. These techniques are propésed to be
discussed in brief in this chapter, Sketches illustrating these
methods (3) are given in the figutes 2.1 & 2.2.

2.1 Direct Heightening

This refers to the addition of a new seection on top of the
existing strueture for the purpose of creating extra storage capacity .

without requiring any strengthening measures for securing the stability

of the existing strueture for withstanding the inereased forces.

Thus in case of direct heightening, the section of strengthen-
ing is not necessary. This of course is possible only if the existing
structure has already a sufficient margin of safety to resist the
increased stresses caused by increases in the loads acting on the stru-
cture.
2elel If the reinforcing structure on the downstream can be avoided,
the same results in appreciable savings in cost. . In some cases, this
reinforcing structure can possibly be avoided by resorting to the

following techniques.



(a) The dam could be heightened to a level higher than that
required to create the necessary increase in storage, if this additional
weight could be useful in providing the necessary stabilizing weight

to create safe stress conditions in the structure.

Examples of such heightenings are Ennepe Dam in Germany, and

Jalaput dam on Machkund river in India (2). Please refer figure given

below: 1_4' W SEEASE 1h HEIGHT

k.oE i FRLAG ©F DAM

@
!

JALARYT DAM (14DIA) J

(b) Thé‘féQEEréd Qfabilizing wé{ghtdcouldmﬁe obtained by
overhanging the new section on the upstream face of the dam.
Examples of such construction are
i)Chorro dam in Spain, and
ii)Doiras dam in Spain (19).

Please refer figure given below:

i ? b
y A,,\
A 3
w 1T
Do T
Ot i
Moo
fom = )
-l - —_— I
DOIRAS DAM (SPAIN) CAMPOFRIQ DAM
L NOTE - Ahe HEIGHT OF RAISING

(c) Reduction of the external loading can also be attempted

~ wherever feasible. Thus in some cases, the forces of uplift were
appreclably reduced to permit direet heightening by emptying the lazke
and building levy facing on the upstream éide of the dam. This was
done in the case of Ringedal dam in Norway. In the case of upstream
strengthening of Mosvann dém in Norway, elimination of uplift was |
achieved by building an inclined R.C.C. slab on the upstream side after

emptving the lake. Figure 2.2.2 illustrates this arrangement.

oo



(d) In designing dams with overfall spillway, temporary
surcharge head produced by the overflowing water is considered, Design
reserve for this transient load could be employed for permanent

raising of the storage level by the provision of mobile gates.
Example - Bristol dam in U,.S.4.

(e) In some cases, direct heightening may be possible, if
somé relaxations in the design assumptions could be permissible in a
particular case. For instance we have standardized on the considerations
of uplift pressures in the design. On the basis of actual observa-
tiong of uplift pressures under a particular dsm to be heightened, it
might be just possible that assumption of existence of reduced pre-
gsures may be permissible in design in which case possible adequacy ot

direct heightening could be thought of.

2.2 Strengthened Heightening

When the old section requires reinforcement to resist safely
the increased loading, it becomes a case of strengthened heighfening;
As pointed oﬁt earlier in Chapter I, strengthening is also be needed in
the case of dams affected by severe weathering conditions as well as
for those structures which are subjected to external forces of magnitudes
greater than those allowed for in the original design, even when such
structures are not to be raised.

The figure given below shows how the old section will be
subjected to increaéed forces of horizontal water pressure, uplift pre-
ssures, additional weights of water on the upstiream face as well as
the weight of the new section added at the top in case strengthening

is to be done from the downstream side.
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2.1.1 Conventiongl Methods of strengthening :

Under the conventional methods of strengtheding gravity dams,
the strengthening may be done on the upstream side or the downstream
side. As a third alternative, the existing dam could be made a core

by its envelopment on both sides by earthfill.

a) Upstream strengthening by use of sepergte R.C.C.

slab on the upstream side :

In some cases, due to infedor quality of materials used
in the constrﬁction of the existing structure or due to weathering
action by the attack of acidic waters in storage or severity of tempe-
rature conditions in the region, strengthening by only thickening
the dam section may not be considered desirable, as securing of good -
bond between the two works may not be relied upon (5). In such
cases, an upstream inclined slab could be added. Please refer to

figure 2.2.2. Such an arrangement can provide the followig advantages:



1) Elimination of uplift pressures below the existing dam
structure ;
ii1) Prevention of contacﬁ of the materials of the existing dam
with the aggressive storasge - water thus increasing the durability of
the existing structure;
i1ii) Making the old structure free of a part of the water load

as some water load may get transferred directly to the foundation rock.

Adoption of such a method, however, requires keeping the
reservoir empty during the construction period thus involving loss of
storage water. This factor must therefore be considered in evalua-

ting comparative economy of this method.

b)Provision of masonry backing on the downstresm gide:

Strengthening by thikening on the downstream side can be done
by ﬁrovision of a concrete or stone masonry facing either continuous
or in the form of buttresses resting on the downstream face of the
existing sectién,not by bonding but through frictional contact (21).
Second heightening of Asswan dam is an excellent example of thils
type of construction'(ll). The same has been schematically shown in

the figure given below :-

_EL4034 A ___II T“
_ERL.396:9 i | 'SECOND HEIGHTENING
EL.373.8_ oLl 4 (930-1933)

[ |'l

AN
_EL3575 | U— — | ST.-HEIGHTENING
F.R.L.3497 Qsio-~1912)

ORISINAL DAM

nga- 1902)

\_\“
\T— ADDITION (908
\\

\‘\«;—_ OUTLINE OF LARGE
\ \‘\_ BUTTRESS
N e

’»r,,. __A\f@

ASSWAN DAM (EGYPT)




This method is nop generally preferable due to the danger of entrance
of water through joints, which can cause dangerous hydrostatie uplift
pressures challenging stability of the structure itself in case the
drainage system fails to give adequate relief. There is also likelie
hood of concentration of local stresses occuring due to varying degrees

of frictional contact.

(e) Provision of bonded section :

This refers to the provision of a concfete or stone masonry
facingkeither continuous or in the form of buttresses well bonded to
the existing structure (16) either on the upstream or on the downstrean
to form a monolithic structure. The modified dam will then have nearly
the same profile as that of one which would be‘necessary for a new dam
to resist all the foreces including the extra forces now expected to act
after raising.

Examples are ~ i) First raising of Asswan dam in Egypt,

1i) Strengthening of Lages dam in Brazil,
'1ii) Mullardoch dam in Scotland,
iv) Koyna dam in India,

& v) Marshall . Ford Dam in U, S.A.
- ( Upstream strengthening).

This bonding may be done either simultaneously as the
construction of the added section proceeds or the same may be effected
at a later date under appropriate conditions. The laffer procedure is
considered more preferable as discussed later.. Ny ,

(d) Earth Backing This is yet another method of strength-
ening on the downstream side. Here, instead of thickening the dam by
the construction material used originally, an earthen section is added

on the downstream of the structure for support. This can be considered
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as the simplest solution if conditions as well as economic considerations
permit its uge.
Examples are i)Khadakwasla dam in Mgharashtra State, Indiaj
& 11)Walwhan dam in Maharashtra State, India.

In strengthening by earthebacking, estimation of the correct
value of the coefficient of earth pressure is very difficult due to
which correct estimation of the stress-picture 1is rendered difficult.
Secondly the earth backing which is necessary to produce compressive
stresses on the upstream face of the dam in lake-full condition, may
cause tensile stresses on the downstream face of the dam in the lake=-
empty condition. Therefore it is not so suitable when the variation in
the reservoir water level is high. It is also not a suitable method
when the dam 1s to be strengthened against earthquake forces. This is
so as during earthquake tremors, the gravity dam and the earth backing
‘may vibrate with a phase difference and loose contaet in partial height
near the top of the earth backing resulting in loss of support. The
actual earth pressures acting on the dam during the oscillations fall
below their values under static condition thus cecausing a decrease in the
support from the downstream slde during the earthquake tremors (47).
Lastly, in case of dams having several undersluices, provision of earth-
backing cannot be considered (11). Due to these limitations of this

method, it appears to have been adopted in a few cases only.

(e) Earth Envelopment of dam section:

This may be a possible solution in some cases, for instance as

in the case of Bever dam in the U.S.A.(1).

N

2.2.2 Ugse of Pregtregged Cables:

This is done by drilling holes through the body of the dam

near its upstream face as far as possible. These holes are drilled



upto a sufficient depth into the foundation rock below the foundation
level of the original structure. High tensile steel wires or cables
are inserted into these holes and ancéhored in the reamed bottom por-
tions of the holes by grouting. They can then be sufficlently stre-
ssed to induce the desired compressive stresses along its line in the
structure to increase its stability.

This method takes the advantage of good foundation conditions “
avallable at the dam site by bringing into action the weight of a part
of the foundation for the structural balance of the heightened dam, and
can thus be used only where such conditions exist.

Some of the limitations of this method are ¢

(1) Loss of prestress with time due to yielding of the steel

as well as plastic flow of concrete in the dam under the action

of localised and sustained loading.

(2) Possibility of corrossion of the steel wires.

(3) Attainment of unyielding anchorage is a difficult job.

So also as large forees are required to be sustained in the
foundation,a limitation is imposed on the height of the dams which may
be strengthened by this method . Good rock foundations and sound

construetion materialvin the body of the dam are other pre-requisites
for the use of this method. . The use of prestressed cables near the

upstream face will not be a satisfactory solution when strengthening
of the dam is to be done mainly to resist forces acting during an
earthquake, when the variation of the lake level in the season is high.
This is because, if the earthquake forces act from downstream towards
upstream when the lake-level is low, large tensile stresses will

develop on the downstream face.

This method may however be considered preferable for rela-

tively low dams where installation of prestressed cables will be



simple and where no possible hazards to life and property are involved‘LS
in case of failure (7). This will continue to be so until we get con-
fidence about its long term dependability from the experience of such

already executed works.

Examples are 1) Cherufas dam in Algeria,
i11) Tanga dam in Indiaj
i1ii)Bhandardara dam in India.

2.2,3 Use of Hydraulic Jacks :

| Use of hydrauliec flat jaeks can be made on the downstream
gide to apply thrust from downstream td upstream direction to create
stable cohditions.‘ Thus use of cables, drilling etc. is avoided.

The thrust can be applied wherever we like by putting in the flat jacks
at the back thus affording flexibility. Although thrusts as high as
10,000 to 20,000 tons 6an be applied, owlng to the creep of the
concrete of}the dam, the force is reduced significantly in course of

time. The method 1s better suited for buttress structures (6).

Examples ¢ (1) Beni-Bahdel, a multiple arch dam in Algeria,

which was raised by 7.32 m.
(2) Djen-Djen dam in Algeria, also a multiple-arch

dam.
(3) Memjil dam in Iran, a buttress type dam.

The arrangement is indicated in the figure given below:

A\ _BuUTTRESS

f:‘ P
! v‘f’{
. /-: LAT
// JACKS
- T T -

TTRESS DAM
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2,3 Selection of the method

The method of strengthening to be adopted in a particular case
has to be decided taking into account the topographical, climatological
and geological conditions at the dam site, type of the dam to be stre-
ngthened, condition of the existing dam, means available for undertaking
the work, construction difficulties involved, aesthetic considerations

and comparative economy.

In this paper, it is proposed to go into the design and constru-
ction agpects in respeet of strengthening of gravity dams by provision of
eoncrete or masonry backing on the downstream side, as this method has

found favour with the engineers.
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CHAPTER ITI

DESIGN CONSIDERATIONS IN

REIGHTENING AND STRENGTHENING

OF DAMS



CHAPTER III

Design considerations in heightening & strengthening of Dams

3.1 Collection of Data

Having decided upon the necessity of strengthening a gravity
dam for whatevervreagon, it is necessary to make investigations
before proceeding with the design for strengthening and heightening.
This 1s because one of the main considerations in raising or stre=-
ngthening g structure is safety which can not be compromised with
" economie considefations. From this point of view the following

types of investigations are generslly made.

3.1.1 Geological Examination

Geological examination of the reservoir area, above the
existing full reservoir rim, whiech is further likely to be submerged
on accounf of heightening of the dam is necessary. Geological |
examination of the foundation area that will support the strength-
ening section to be added‘will also be necessary to check its
competency to withstand to the changed loading conditions. Knowledge
of the geology of the reservoir area as well as that of the founda-
tions of the existing dam and also information gathered during
excavations for the foundations of the existing structure supplemented
with the data collected from extra explorations undertaken on account

of the proposed strengthening is of great value.

When the dam is to bdheightened, the amount of ralsing may
have to be limited in some cases from considerations of strength of
the avallable rock foundations due to the presence of defects or

wegknesses which are likely to persist in the rock masses inspite of



special treatment to improve their properties. This aspect 29 ;

needs to be given proper attention.

Additional head to® imposed on the foundations ¥am or
abutments due to raising may give rise to the need for grouting,
drainage and other such safety megsures, Hence thisvaspect may
have to be studied in details. A detailed knowledge of the
pattern of the'joint‘system in the abutment and the foundation
rock will also be gssential so that the problems that may come up
during excavation of rock under the influence of loading from the
existing structure and reservoir head ean be ascertained and‘necessarj

safeguardd taken.

Detailed investigations regarding the various properties
of the foundation rock such as specific gravity, porosity, compressive
strength, modulus of elasticity etc. are especially important when |
the type and physical properties of the abutment rock under the new
section to be added or of the foundation rock under the strengthening
section to be zdded differ from the type of rock below the foundation
of the existing structure; With this knowledge on hand, it becomes
possible for the designer to make adequate safety provisions as well
as provide for proper interaction between the 0ld and the new parts

of the structure by suitable design (8).

3.1.2 Data on existing struecture:

Knowledge about the condition of the existing structure
and also that of the wmaterisls of which it is made of ig very

important. Investigations méy be conducted to get inforwmation on

the following aspects.

(a) Modulug of elasticity of the actual material in the

body of the dam. This can be determined fpom the measurements
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carried out in the laboratory dn cored samples obtained from the
body of the dam. It can also be determined in the field by measure=~
ment of veloeity of propagation of shock waves artificially created,

as they trawel through the body of the dam.

(b) Samples of concrete collected during core boring can
be used for determining the properties of in-situ concreté sueh as

density,strength, impermeability ete. The bore holes can also be

made use of iA determining the quality of the joint between the
foundation and the bottom-most concrete layers in the dam as well
as for determining in-situ permeability of the concrete in the dam.
They can also serve a useful purpose‘in determining the condition
of horizontal construction joints and the extent and locations of
leakages within the body of the dam.

(e) It is desirable to collect data regarding the defle=-

. ctions of the dam during operation as well as btemperatures and stresses

in the body of the dam and its foundations, if it is availghle from

instruments embedded in the dam or can be conveniently obtahed.

(a) At,thé time of designing the original dam section a
certain uplift pressure distribution =must have been assumed. However
if the e xisting structure is old enough, uplift pressure observations
collected over the elapsed life span of this structure may be available.
Such data will provide a valuasble guide for study and for reasongble
and reglistic estimation of uplift preséures which may be allowed for
in the design of the structure for obtaining an adequately safe and
economical structure after strengthening.

(e) It is necessary to inspect the drainage svstems installed

within the dam, spillway and other structures to check as to whether
they are effectife in their operation or not and whether they will

be capable of relieving the additionalhydrostatic pressures which



will be created due to raising or whether some additional measures 27

will be necessary.

(f) The records maintained regarding tte observations made
during periodical inspections of the dam can be of value in understand-

ing its performance histbry and hence its condition.

The informstion so collected can serve as a useful guide

in the design studies for the proposal of strengthening the dam.

3,1.3 Collection of tempergture data

Following atmospheric temperature data needs to be

collected:

1) Annual mean temperature @ the site,

2) Maximum and minimum temperatures, '
& 3) Variation of temperatures during different

seasons of the year. . .

T™is data is important as the cyclical changes of the
surrounding atmosphere affeet the placement temperatures of concrete
as well as affect the temperature gradients in the cooling masses
of placed concrete. The information thus collected will give#d
an idea about the type and extent of the cooling srrangements which
will be required to be provided during the constructionstage

whenever conerete backing is used.

Another important temperature observation is that of
regervoir water. It is preferable to gauge the reservoir water

temperatures @ various depths @ different locations so as to
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determine the levels at which water remains sufficiently cool all
the year round so as to be of use in theconsfruction stage for
vatious purposes such as mixing waber for concrete, circulation
through embedded pipe system for effecting postcooling of concrete

etec.

3.1.4 After completion of the investigations generally needed
as stated above, the design criteria for strengthening of gragity
struetures can be decided. In the‘following paragraphs, the
method of thickening by addition of concrete on the downstream side

has been d iscussed.

3.2 Thickening of Dam by sddition of concrete or masonry

on the downstream side.

3.241 Iﬁ case of heightening of gravity dams if a change only .
in the magnitude of loads acting is involved,‘all other conditions
remaining the same, the new structure will be of nearly the same
type as the existing one. The term'all other conditims' includes
the following :-

i) Topographic and geobogical conditions for the new
section as compared to those for the original section,

& ii) Criteria of design.

(Condition number (i) is likely to be violated in those

cases in which the height of the existing section had been limited

by considerations of such local conditions).

The loading considerations for the dam constructed in
parts as in the case of heightening are not the samé as those in

case the entire structure were built in one stage - i.e. monolithic



in crosgs section for the entire height. In some cases, it may be
possible to achieve the objective of enhanced storage by aﬁ upward
extention of the water bearing surface,'by raising the existing dam
and by provision offdownstream buttresses for support. This, however,
may be applicable. for only comparatively low heightegings. For

0

appreciable raisings, it shall generally be necessarYkextend original

gravity shape downstream to meet the safety criteria.

3.2.2 Construction for heighteniﬁg can be looked upon to consist
of two structurzl elements; namely

(1) the structural element needed to enhance the stability
of the original dam under ineressed water pressure to which it will
be later on subjected to. It is thus the structural element provided
to strengthen the existing dam section to withstand the forces to be
imposed éfter heightening in excess of those which were not anticipated
in the original design, It is terwed as the 'reinforcing element':

and (11) the structural element above the top of the existing
dam to retain the extrg depth of water proposed to'be'stored against
the structure to enhance storage capacity.

The latter element can be regarded as a conventiongl dawm
founded on the top of an existing dam instead of en the ground. Its
design ¢ an therefore be dealt with by conventional methods.

The reinforcing element poses some problems in both design
and execution and is therefore proposed to be discussed in some

detail.

3.2.,3 In the case of gravity dams, heightening may have to be
done under two possible clrcumstances:
a) Foreseen Heightening,

& b) Unforseen heightening.
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then heightening can be forseenvat the time of construction
of a dam at a particular site, it is generally economicel to construct
it in stages and to include some desirsgble features for Tsising of the
Agm in future in its initial planning, design and construction itself,
This will per~it confidence that, the final structure can be constructe
for better structural behaviour than is possible if such provisions
were not made, In case of unforseen heightening, the operations to be
carried out will be more expensive as these will require a lot . of
extra care in view of danger to the original structure involved in

exccuting them as well as difficult nature of their implementation.

It is proposed to confine the scope of the study mainly

to the aspects of unforseen heightening or strengthening.

3.2.4 In the case of heightening of a dam the primary objective

is to design it in such a way that, the raised dam will function
Btructurally as if it had been‘originally constructed in one piece to
its final dimensions. The best structural action will be obtained

if thiS{éﬁgg;gzeﬁﬁm is achieved. 3Such a design shall give ultimate
economical section by appreciable reduction in cubic contents of the
material required to be laid as compared to other alternative golutions
However, obtaining a monolithic action will require special treatment

maasures, the cost of which must be considered in deciding upon an

economical proposition.

3.3 Problems involved in Thickening :

3.3.1 The main basie difficulties involved in strengthening the
<
gsection for obtaining a satisfactory action of the entire structure

are as follows @
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a) Provision of bond between the 0ld and the new

construction materials to obtain monolithie aetion is difficult.

b) It is difficult to keep the physical properties of the
new materials the same as these of the o0ld construction material and

avoid influence of their difference on the sability of the dam.

¢) The water in the reservoir may be standing against the
dam dufing drengthening operations. This influences stability of
the structure.

d) Found ation widening may create problems.

3.3.2 Great difficulty arises in seeuring an ihtimate and a
~ strong bond between the added mass and the exi'sting mass. This )
vdiffibulty is more due to the difference in ‘the age of the materials
which 15 further made complicated in case of oncrete due to its
pecularities of thermal shrinkage, plastic behaviour and temperature’
strains. Another factor involved as regards elastic behaviour is the
difference in the modulli of elasticity of the old and the newly laid
materials of construction which affects load-sharing between the two..

Creep is yet another factor to be worthy of considerations, its

important characteristic being its time-depeniency.

3.3.3 Thu§ 1t is evident that, time is an important factor involved
due tothe faet that, while the material of the existing structure has
_attained stable conditions and therefore its finagl steady=-state proper-
ties, the condition and properties of the‘nzkax newly laid material

are in a state of continuous change with time. The above design aspects

will now be discussed in the following paragraphs:-



3.4 Provision of adequately strong bond.gt the junction of

old and the new 3Sections:

The basic assumptions in the gravity analysis of a dam
section can be stated to be the following :-
i) Two dimensional isotropy of the.material in the dam,
ii) Geometrical homotetics,
& 1i1i) The internal secondary streses from causes other

than gravity and external forces are negligible.

These assumptions are not gatisfied in either the gtre-

ngthening or the heightening operations.

The first condition is not satisfied in such o?erations
due to the variance between the elastic properties of the old and
ﬁew construction materigls and not too perfect a.bond between the
0ld and the new work. The third condition is not fulfilled due to
imposition of shrinkége and tempersture stresses én the section
during setting of the new congtruction material especially concrete.
Tt is therefore necessary that, pfoper solutions to take care of
the departure from the assumptions should be found to let the stress-
distribution correspond generglly with that estimated on the basis
that, the design assunptions were truly satisfied.

In a monolithic structure, shear stresses can be transferred
from one portion of its seection to another. The conventional method
of gravity analysis can be adopted in analysing such a structure
provided the requirements noted earlier are also reasonab%y satisfied.

However, 1f the section is jolnted, shear stresses cannot be tran-

sferred completly across the joint and hence in such a case gravity

analysis will not hold.
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As concrete is generally adequately strong in compression and

the design is generally so made that tensile stresses will not develop,

the shear stresses may thus become critiecal ingravity analysis. Thus vhen
the effect of additional forees to be resisted on the state of stresses is
to be considered, shear wmtresses require spgcial attention. A strong joint
between the 0ld and the new sections capable of resisting the shear stresse
likely to develop in its region under the action of the additional foreces
"is therefore necessary. In case it is not possible to get'perfection

in joining the two parts, as close an approximation to this condition asis
possible to achieve must be sought, so that the joints or cracks occuring
are still capable, either through whatever cohesion may remain or thrbugh
friction, of transferring the deformation of one element to the other to

obtain resisting aetion as one strueture,

3e4.1 The bond-~strength of the joint between the two sections can be
congidered to congist of two parts -
i) Cohesion component,

& ii) Friction component.

When cdhesiom component of this bond is likely to be poor,
resistance due td frietion assumes considerable importance in resisting
the shear stresses. It is thus important that, the effective shear
stresses at the joint as given by the formula,

Teff = T - N. tan 8,
are kept lower than the cohesion at- the joint between the two concretes.
Here 'Teff' denotes the effective or residual shear stress, 'T' denotes

the total shear stress on the junction plane, 'N' the normal stress on
the jinction plane and '@' the angle of internal friction at the junction.

1t would be evident from following discussion that, if the

joint happéns to be favourably located, the above requirement is easy of

attainment.



3.4.2 On any plane passing through a point in a stressed mass

two types of stresses act. One is the normal stress, which can be =x
either compressive or tensile and the other is the shearing stress.
Considering the governing loading condition, we can draw the type of
stress picture at any such point, as &hown in figure 3,1. Herein

the curve in full lines represents the compressive stresses that

can occur on the planes passing through the point under considergtion,
while the dotted curve represents the sheasr stresses that can occur

on different planes passing through the same point.

‘As the frictional force always acts in a direction normal
to that of the normal force on a plane and is equal to the product
of the normal force.and the tangent of the angle of internal
friction of concrete, we can therefore draw the friction reagction
diagram (R) as shown in figure 3.2 . In this figure, the shear
stress diagram (T) has also been superimposed. The shaded area
represents the zones in whieh the shear stresses exceed the
frietional resistances and thus the remaining zones in which the
effective shear stresses do not exist are automatically demarcated

& thus can be determined at any point in a stressed mass (10).

If the joint plane is paesing through these zones of
negative effective shear stresses at every point on it, monolithie
action between the two sections will be ensured inspite of the
joint and shear stresses will be effectively transferred between the

old and'the new sections.

3.4,3 In case of forseen heightenings, the d ownstream face of
the Ist stage section can be located within the zone having zero

effective shear. - However a surer .proposal would always be to
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locate the downstream face zlong the trajectory of either the major pri.
nciple stress or the minor principle stress corresponding to the |
regervoir full condition in the ultimate stage. In case of Burguillo
dam in Spain for example, the joint was kept 3long trajectory of the
major principle stress while in case of Paentes-Viejas dam in the

same country, the joint hag been located for part length along traje-

ctory of the minor principle stress. Please see figuré 3.4.

In casé of location of the downstream face along the
trajectory of the major. principle £ress, the volume of work will be
considerably more as the cross section so obtained will be appreciably
bigger than the one needed for stability of the height of the dam as
required for the Ist stage. To reduce the volume of work in the Ist
stage and thus increzse the benefits obtained by deferrement of larger
part of capital expenditure to IInd stage, a better solution would be
to determine the downstream slope as required for the Ist stage from
stability consideragtions and make it stepped as shown in figure No.3.3,
the surfaces of steps following the tfajectories of the major principle
sﬁress. This will therefore ensure the desirable condition of zero
shear at.éll points on the joint undér *eservoir full condition in the
final stage; It will therefore be observed that by suitable location
of the joint initially, monolithism between the two seperately constru-

cted: parts of the structure amn generaliy be ensured.

34,4 H0wever, strictly speaking, foilowﬁng the trajectory of the
prineiple stresses while shaping the downstream face of the temporary
seetion will not obtain the conditiop of entirely zero shear as stated
above gt the joint under reservoir full condition in the final stage

in view of the factors given below .



1) Variation in lake levels at the time of bonding,
ii) Unforseeable and mrisble nature of hydrostatic uplift,

iii) Thermagl condition of new concrete.

These factors are difficult to control. Their effect on
the stress distribution is difficult to determine. This gives rise
to uncertainty about actual conditions in the structure and therefore
the method of shaping the downstream face of the Ist &aze section
along trajectories of the principle stresses can also not be regarded
as the perfect method 6f truly achieving the econdition of zero shear
at the joint. |

We therefore have to be content with the situation that,
whether heightening is forseen or it is unforeseen, some shear stresses
are always to be expected at the joint of the old and the new sections.
The objective can however be attained better (by locating the joint
plane in the zone of minimum shear) in case of forseén heightenings
than in case of uhforeseen‘heightenings when it can only be achieved as

a matter of coincidence or chance.

3.4.5 From the‘discusgion following, it will be seen that,

- parallel heightening even‘in unforseen cases of raising, if done to
the recommended extent results in elimingtion of effective shear
stress at all points on the joint and thus helps in ensuring mono-

lithie aetion of the entire struecture.

3.,4.5 Criterig for heightening from considerstions of shear stresses

due to external laeads :

In the case of unforaseen heightenings, it is evident that,
even gfter ignoring the e ffects of the three factors mentioned in the

earlier discussion, in most of the cases, the joint between the old and
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the new work can not attain the condition of zero shear stress, the
downstream face of the existing dam not being along theltrajec?ory of
principle stress under full reservoir comdition in the final stage.

We shall therefore, determine the comditions under which either of
the following states of shear on the Joint can be sitisfied for |
monolithic action :
1) Effective shear stress in all directions
at every point of the joint is zero.
ii) Bffective shear stress along the direction of the .

joint at every point of the joint is zero.

It is entirely the choice of the designer %o adopt either

of the two eriteria mentioned above.

3+4.,6.1 We can say that, for the first condition to be realised,
the maximum effective shear sﬁ;éss'at every point of the joint must
"be zero., In general, a maximum Vglue_is reached at each point accordir
to lines whiéﬂ cut the trajectories of principle stress of the first
order at an angle ( "/4-@/2), where £ 1s the angled internal
friction. For the purpose of illustration, the value of 'tan £' has
been qgéumed as 0.75 - in the following discussion.

In the case of a triangular protile with vertical upstream
face and 'm! as the slope of its downstream face (please refer fig.35)

it can be shown"that, the condition for the maximum effective shear

stress (Teff ) at any point (x,y) to be zero can be stated as follows:
2
(Nl-N2)2+4T2=_(N1*N2)2SMﬂ ...ooooo(l)

Here, Nj denotes the horizontal normal stress,
No denotes the vertical normal stress,
& T denotes the shear stress,

at a point (x,y) in the body of the dam (9).



The expressions for Nl’ Nz & T are = - 538
N, =Y
N2 ‘-(-W-%%>X +(W—~——e>y
& T =7)*ncjo_

Here ‘w’ denotes the‘density of the material of

the dagm in tonnes/ﬁS.

-

+ « Putting these values of Ny, No & T in equation (1),

we get the condition in the following form :

X \2 X
—A("yy —f‘Q.é(-;;f—) +C =0

Where
+ 2-559 1-875 5 385
A= DT e
w2 RE AP -2
g c= & :3?_- ~B%% _ 2-2435

Here tan f = 0.75 & w = 2.3 t/-m3 have been

assumed.,

Thus for any given value of the downstream slope 'm', the
equation can be solved. The equation shows that, the boundary Teffec-
tive = O'is é straight line passing’through the vertex of the dam°
profile. Its slope depends uﬁon the value of 'm'. A‘plot of 'm' versus
'x/y' gives a curve as shown in figure 3.5, From this plot it
can be seen that, in case.of a triangular dam profile, for downstream
slopes flatter than 0.695:1, there are two zones within the dam section,

zone I, in which effective shear stress is negative and zone II in which



the effective shegr stress is positive. Pleage refer figure No:3.6

in this connection.

It can also be seen from the plot that, for valueg of
downstream slope in the rangé 0.645 to 0,695, there exisﬁ three zones
within the dam section. In the central zone, effective shear stress
is negative. The cenxrél zone is flanked by the other two zones in
which the effective shear stress is greatér than zero. Please

refer to figure No.3.7 in this connection.

For downstream slopes steeper than 0.645:1, the effective
shear stress is positive @ every point within the entire dam section.
However as the downstream slopes of dams are generally always flatter

than 0,66:1, this case 1s not of any significance.

From the plot, it can also be seen that, the relationship
between 'x/y' and 'm' is practically straight line for values of 'm!

greater thagn 0,70:1. This relationship can be stated as follows:=

- - ot m’- 00393
y
or X
- = m - 0,40 approximately.
v

From this relationship, it is possible to determine the
minimum enlargements which are necessary to satisfy the first

criterion (10). This can bedone as follows:-
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In the above figure, O'AB is fhe existing dam section. 0AC
represents the section after heightening. Correspondigg to the
reservoirrfull<nndition for the enlarged section OAC, OB represents
the upstream-most limit for the location of the bowndary for Teffective
equal to zero in order that the first criterion is satisfied @ every
point on the joint 0'B. Thus when the boundary Teffective = O
occupies the location OB, we get thé minimum heightening needed to
satisfy the f;rst criterion.

As seen above, the equation for 0B then will be,

X
- - m—004‘0 ine. mh
y ) -I"]-: - m-o-oéo
or. H m . 004:
= = me=e- or, Ah = H-h = ===cesew ~=h
h m=0,40 (m=0,4)

This relationship gives the minimum height by which the
dam must be raised for satisfying the first criterion if adopted in

the design.
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3.4.6.2 If we adopt the second criterion for design in case of

parallel heightening, we can ahalyse as follows :~-

At any point in a dam, the normal and tangential stresses on
planes parallel to the downstream face of the dam can be obtained as

follows. Flease refer to the figure given below :=~

-

— —

N1

The stresses, normal and tangential, acting on the planes
OA & OB at the point '0' are known. The stresses Fn & Ft acting on
the plane BA parallel to the downstream face of the dam, are to be

found out.

Resolving thé forces in g direction normagl to the plane BA,

we get,

Fn.B A = N, BO.COSO+ N32.0A-SINOB-T-0B 81N @- T'-0OA-COS©

TAN 6 = M = SLOPE OF DOWNSTREAM FACE OF THE DLAM.

ASSUMING OB =1, WE GET, OA=m & B8A =V] - m2
..Cose = —1 Q@ singo —M

J1+m? Vo 1+me
HENCE THE EQUATIONN GIVEN ABOVE CAN BE WRITTEN AS,

- N S 1. f
Frn. (V5 me) = Nr- =t Noem. ——-T -T.m-
v l+m? Vv 1 +m2 Vi+m? 1+ m2
THIS REDUCES TO, 4
2 .
Fp =Nt _ No me 2mT

14m2 1 +m2 14 m2
y
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Substituting values of N7, Ny & T in this equation

we get, ' o
. y m“ {,2 ! 2m
F e~ e &- - Y — 1 - - X
n = x 4 (w- =) - - =3
14m2 14m2 ' m3 M> m2 ygb 1+m2 me
Putting w == 2.3, we get,
2 2e3m 2 1 Rt 1
Fn = ==y SThSy T Tty - ""‘g% Yl==mes = —m-
Llem A Lamedm  lem m( Lem ) 14m2  1em@
2
v 2.%m%,y v 2e3mx
- e A - e - ---é - - -
‘ 1em L+m? lem Lem2
. 2e3m (my=-x)
¢ » Fn > wommem é""'"“
l4m

Similarly, it can be shown that,

Ft = Tangential stress ¢™n plane BA .
1 ) X y 0
= ===5 0 13X = == <~ 1.3my + ~-=|
1+m“= m2 m {

If (x,y) is a point on the construction joint’of heigh-
tening we have, |
my =X =mAh
Substituting this value of 'my-x' in the expressions

for Fn & Fy, we éet, 9

203 m 'Ah
F e ececawcmw==
n 1+ m2
& Fy = =<-lg--e=(1/m - 1.2m)
14m

The effective shear stress @ the point under considera-
tion will then be given by ,
Teff = Ft-Fn x tan 4
= Ft-0.75 F..

.. Teff - --Rh_____ g 1/mel.3m -1.728m2g



For Teffective along the joint-to be zero @ every point

of the joint, we must have,

Ah 2!
mme=e { 1/m <1.3m -1.728 m°) = O
14me |

or  1.228 m° 4 1.3 m - 1/m = O.

Solving we get,

m = 0.64.

For values of m»0.64, Teff works out negative.

Therefore we can say that, if the downstream slope of a
dam of triangular profile i s flatter than 0.64H:lv, the effective
shear stress'@ ebéry point on the joint in & direction parallel to

.the joint will zlways be legs than zero irrespective of the extent
of‘raising, when the downstream face of the new section is kept

parallel to the downstream face of the existing section.

Thg above discussion can be summarized by referring to
the figure m.3.8 as follows. If thé dotted lines chown on this
figure represent lines of equal maximum effective shearing stresses,
namely, T1', T2' etc., the profile Po starting at the foot of the
line Ieff; 0O will fulfill the first criterion i.e. no effective xxmE=Ex
tangéntial force acting at any pdint on the joint in any direction.
In case of profiles P1, P2, P3 ete. these will have in their
-respective joints maximum effective shear stress values of Teff-T1',
Teff= T2' ete. occuring. Length of the joint affected in each such
case will be that between its junction with the foundation and the

point of its intersection with the line OAO. However, at any point
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on the joint, the shear force on the plane of the joint will
always be less than the frietiongl resistance in case of 31l the

profiles.

3.4.6.3 In some cases, it may not be possible to satisfy the
condition of restricting the effeétive shear stress to less than
zero (i.e. negative). In such cases, proper joint-treatment at the
Jjunction plane is warranted. The effective shear stress has then

to be registed by a combination of the following measures:-

(i) Careful conereting at the junction plane to achieve
good bond,
(ii) Provision of shear keys,

& 1ii) Provision of dowel bars.

The strength of bond between the two concretesdepends
upon the type of concrete mixes used, the degree of roughness between
the surfaces in contact, care taken in placement of new concrete
against the old, age of the two concretes and any special provisions
added to strengthen the resisting action at the joint in the form

- of shear keys and déwels.

Tt is desirable to conduct field experiments to determine :
the gstrength of the joint against shearing and pull ont undgr the
effects of the different provisions or treatments proposed tb be
given for deciding upon the necessity and the extent of such provi-
sions.

Rasulﬁg of field tests conducted at Koyna dam site,
Bhandardara dam site in Maharaéhtra State and ‘results reported by

Mr.C.M,Roberts (21) are enclosed as Appendices I, II & III at the end.
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The aspects of provision of shear keys & dowels for
resisting residual shear stresses on the junction plane have been

covered under paragraph 5.8.8.1 of Chapter V.,

3+4.6.4 In Spain and some other countries, it is a general practice
to consider tpe possibility of buckling of the added mass also. To
avoid this tendency, they follow the rule that, the slenderness fatio =
of 'L/e' for the added mass shall always be less than 9, where 'L' isg
the length meagured algng the ineclined axis‘of the added mass and 'e!
is its thickness measured perpendicular to its downstream face. In
order that, the slenderness ratio should be less than 9, it is
necessary that for a profile having a downstream slope of 0.75H:1v,
the following relationship holds - |
’ h
AR > —;--
In other words, to avoid buckling, raising to the extent of

at least 25% of the original dam's height is considered preferable

in any case (10).
3e4.6.5 Thus to conclude this part of the discussion we can say that,

1) If we desire to adopt the eriterion that, the effective
shear stress @ every point on the joint between the old and the new
conerete in all directions shduld be zero, then in case we adopt
parallel heightening, the dam will be required to be raised to the
extent of at least (-%?--)% of the original height of the dam.

7'1—0.4
i1) If we desire to adopt thé criterion that, effective shear

stress @ every point on the joint between the o0ld and the newvconcrete

in a direction of the plane of the joint should be less than zero,

parallel heightening is desirable as it fulfills this requirement



46 .

without putting any condition of minimum or maximum heightening,

provided the downstream slope of the section is greater than 0.64:1.

It will be seen that, for the usual downstream slope &f
0.75:1, the first criterion requires raising to the extent of 1.14 times
the original height of the dam, which is excessive indeed. The
information on heightening of dams given in the Table No.1 ind?cates that,"
generally the raisings done are bétween the range of 10% & 50% of the
original height of the dam. This ceriterion is thus neither practicable
nor necessary as it is rather too rigid. The requirements of criterion
requiring no effective shear stress along the plane of the joint can be

regarded as quite adequate and is therefore recommended to be adopted.

3.4.7 Effect of shrinkace of newly laid concrete @ the joint:

Having considered development of stresses at the joint due
to heightening, we shall now coﬁsider the shear stresses likely to
develop @ fhe joint due to thefmal shrinkagé of the new concrete when
placéd directly on the downstream face of the existing dam.

It is necessary that eracking at the joint is avoided which
is the main objective. Thermal shrinkage of the new concrete is
therefore a very important factor in ﬁeightening or strengthening of
jams and therefore it deserves caraful consideration. To apprediate
its significance under the comiitions of placemeht of new concrete
lirectly against the concrete of the old dam, it is worthwhile %o
review the mechanism of cracking'in mass concrete in general and that

in new concrete pbaced over the old econcrete in particular.

3.,4,7.1 New mass concrete starts rising in te-wperature due to heat

>f hyvdration soon after placement. During this process, it changes
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from a soft yielding material with no resistance to plastié
deformation to a hard semi-elastic material. While the concrete at
the boundaries of a monolith in contaet with the atmosphere tends to cool
and contract, the conerete in the interior is not affected by it and
it tries to expand due to heat of hvdration. The cqlder contracting
outer concréte tries to resist the expansion of the inside concrete
which results in erack formation in the cold concrete. With lapse of
time the concrete in the interior of the mass hardens with loss of
plasticity and also stafts contracting due to cooling. The delayed
contraction of the interior mass is<resisted by the outer concrete
resulting in extention of the already formed boundary cracks towards
the interior (23).

Effects of constraint within the new concrete mass itgelf
on account of differential cooling thus causes boundary cracks
especially when the temperature drops are high. This may also impose
stregses inthe older mass unless special care is tsken to cool the
conerete initiaglly and close temperature control of new concrete
effected to keep down the temperature rise in the process of setting.
This will glso restrict the temperature gradient with respect to the
atmospheric temperatures to minimum and this avoid development of

cracks due to temperature stresses.

3.4.7.2 Now if the new éoncrete is placed directly on the old
conerete of the dam, then in the early stages of setting and tempera-
ture rise, restraint to the expansion of the new concrete at the
joint will be offered by the cold 0ld concrete of the existing stru-
cture, but because of the relatively plastic nature of the young
concrete, this will cause development of only insignificant compre-
ssive stress in the new concrete. When the new concrete begins to

cool, it would have sufficiently hardened. In the process of cooling,
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it will try to contract but will be prevented from doing so by the.
regtraint offered by the old concrete at the joint., This will give
rise to tensile stresses in the new mass. As the compressive
stresses which occured in the initlal stages were low, such tensile
stresses will be significant and will cause intense shearing stresses

in the new mass at the joint tending to break 1t .

3.4.7.3 Having considered this effect qualitatively, an approximate
quantitative analysis of this phenomenon is discussed below.
The freshly laid concrete after its initial set is subjected

to shrinkage, which can be consideréd to comprise of three types :-

\

i) Drying shrinkage,
ii) Autogeneous shrinkage,
& iiil) Thermal shrinkage.

The strains due to these shrinksges if not prevented are
of the order of 0.06% to 0.08% in the case of drying and autogeneous
shrinkage effects considered together and 0.02% to 0.03% in case of
thermal shrinkage for a drop in temperature of 50°F. Thus considered
tdgether, the total shrinkage may be of the order of 0.11%. If we
take modulus of elasticity of concrete for the purposeof illustra-
tion as 1.80 x 105 kg/cmg, this shrinkage if totally prevented will
result in producing a tensile stress of 1.40x102x0.11/100=154 kgs/cm<,
apnroximately. |

However due to the phenomenon of creep in concrete, stresses
are not of this magnitude but may still be only of the order of 14 kgs/
em® due tothe e ffect of drying shrinkage alone as calculatsd by

Mr.F.G. Thomas (26). As strains due to contraction due to ¢ ooling

are gbout one fourth of the strains caused by drying shrinkage,adding

¥x14 = 3.5 kgé/cm® to the stress of 14 kgs/em2, we may expect a total

\



tensile stress of 17.5 kgs/cm2 in the new concrete, if its total
contvraction is prevented eompletely by restraint at its joint with
the old concrete over which it hag been directly placed. As the
restraint is applied tangentially to the joint by tre adhereﬁce
between the twovconcreteg, restraining force‘en the new backing

slab is the same as the shear force at the joint.

Assuming complete prevention of shrinkage throughout the
thickness of the newbacking conerete, the shear stress at the joint for
every one metre thickness‘of the backing conecrete faid will:'be of the
order of,

100%x17.5 == 1750 kgs/cm® approximately.

] However the restraint goes on reducing progressively as we
‘proceed from the joint towards the outer - face of the backing concrete
due to shear deformation occuring within the new and the £t coneretes.
This causes reduction in the shear stress at the joint to a considera-
ble extent. Still the shear stress even after allowing for such
reduction is likely to be of a sufficiently high magnitude as to

exceed the shear strength of the joint (21).

3.4.7.4 In .connection with the raising of Mullardoch dam in
Scotland, tests were conducted to determine the strength of bond
between two eoncretes having cement content of 212 kge/vng, which'
showed that, the joint could resist tensile stresses upto 10.5kgs/cm?
and shear stfesses upto 21 kgs/cmz. These strengths are very in-
ade@uate, for resisting the internal stresses eet up due to prevention
of shrinkage of -concrete. Thus it will be seen from this analysis

as well that the bond at the joint cannot be relied upon to regist |
shfinkage stresses. It may be mentioned that the shearing stresses

are accompanied by diagonal tension which can ause cracking in-
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directions other than the plane of the joint., This cracking originating

at the joint can easily penetrate into the interior of the new mass (23).

In zddition to the setting up of shearihg stresées at the
interface between the existing section and the added mass, the shrinkage
of the new mass also creates tengile stresses 5n the upstreagn face of
the dam. The magnitude of these stresses will depend upoﬁ'the mass of

the added concrete.

3.4.7.5. To summerize this aspect, it may be said that, when a
comparatively thick mass of fresh concrete is vplaced on and allowed

" td adhere to a mass of older, cold onecrete, the contraection due to
drying out and cooling under restraint can create internal stresses

of high magnitudes in the combined mass in the vicinity of the joint

of the two concretes, which are in addition to the stresses caused by
externaglly imposed loads. These internal stresses can be sufficiently
high to break.the bond between the two concrete masses and thus can
destroy the monolithicity of the dwo masses.

In the event of existence of bo™nd at the joint, the
shrinkage - of new concrete can cause tensile stresses on the up stream/
face if placed directly on the old section as stated above. It ig
therefore desirable that, the new concrete should not be directly
put against the old concrete at the time & placement, but that a
sufficient time gap.be allowed between the time of its placement and
the time of its bonding with the old concrete, so that during this
intervening period, the new concrete attains stable temperature
conditions.

3,4.8 Other factors influencing stresses at the joint @

When the new concrete is placed on the o0ld concrete

directly, not only the prevention of shrinkage of concrete is involved

[0 A5 30
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ecreating internal stresses of concern but the prevention of the
following movements is also involved which further enhances the
severity of the undesirable conditions at the joint.

i) Elasﬁic settlement dvue to the weight of conerete above
the point under consideration , and

ii) Progressive creep of concrete.

Thus under the effects of elastic mettlemént as well as
progressive creep, the new concrete mass has a tendency to move down
along its joint with the old section. The stresses which may be
caused by their prevention can be estimated by calculztion of the
amounts of movements so prevented, These movements can be considered
either together or seperately. When considered together, their
effect on stresses can be taken into account by appropriately reducing
the value of modulus of elasticity of concrete to the so-called
Effective elastic modulus. It is generally taken at one fifth of

the original value.

It is, however, better to estimate these movements
seperately owing to the faet that, the elastie deformations occur x
immediagtely as soon aé the stress producing them is imposed, while
the creep deformations proceed with increasing time towards an ultimate
limiting value. Thus creep deformations are time d ependent with the
characteristic that the rate of inerease of strain causedby creep

decregses with time.

Glanville has given the followiig table to show the effeet of

the proportioning of a concrete mix on its elastiec modulus (23).



Table No.3
¥Mix proportion " Modulus of ' Effective modulus of Elasticity
by weight, ' Elasticity in '! (kgs/cm2)
' kgs/cm2 "1"At the end of ' Limiting value.
' t1 12 months !
|
----—-l-'---! -------- T = = o = - omo= :-—-——' -----
1:1:2 : 3.72x10° ' 1.19 x-lO5 ' 0.985 x 105
]
] 5 1 5 $
1:2:4 ' 2.39x10 ' 0,535x10 ¢ 0.444 x 10°
1 1 1
1 5 f | 5
1:3:6 ' 1.405x10 ' 0.33x10° ' 0.282 x 10
1 1 t
] 1

As said egrlier, it is better to estimate the true elastic
‘strain seperagtely from the strain due to creep. As an illustration,

in the case of a concrete mix having the proportion (1l:2:4),

Stress
as strain = e-e-ceecaw--
' Elastie modulus
, .Blastic 1
strain per = mewmccwe- -
unit stress 2.39 x 10°
" (kg/em)

= 0,417x106°

As effective modulus at the end of one year is 0.535x105

kgs/cm2 (refer table No.3..)

1
- Combined strain at =  -==-wwv--
one year per unit 0.535 x 10
stress -5
= 1.87x10
Also combined strain = 1
in the limit per untt e ————— s
stress ’ 0.444 x 10

2.25x18°
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-5
« o Strain due to creep alone = (1.87-0.417)x10
- 1.453}(10"'5 at one jear.

& (2.25-0,417)x10™°

or 1.833 x 107° in the limit.

In other words, if the backing concrete is directly placed
on the old'dam,downward movements due to elastic settlements as well
as creep under the section of self-weight‘of the backing concrete
shall be prevented introducing strains of the order of 1.833}:10"5 per
lkg/cm2 of dtress due to the phenomenon of creep alone, This will

give rigse to shearing stresses on the plane of the joint.

For instance, if we consider a point on the joint above
which there is suppose 30 metre height of concrete, then,
_ 30 ' 3
average unit stress m ==---metres x 2,40 T/m
2
= 36 T/m?
or 3.6 kgs/cm

.« Blastic settlement = (0.417 x 107° x 3.6) x (30x100)

= 0,045 cns.
Limiting settlemént = Strain per unit stress
due to creep X stress x length

(1.833 x 10™°) x (3.60)x(30%100)
= 0.1977 cms.

.

« o Totgl settlement prevented :
= 0.1977 ¢ 0.045 = 0.2427 cms.

If complete prevention of settlement throughout the

thickness of the concrete backing is assumed,
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0.2427 5
‘Shear stress on = =-=-= x (2,39%10°)
contact plane 30x100

= 19.35 kgs/cm? per centimetre thickness
of backing.

AN

Although full restraint to settlement may not act throughout .
the thickness of the added section,vthe above calculations indicate
that shear stresses of large magnitude will develop on the contact
joint in course of time, if bonding’of the o0ld and the new sections
is done disregarding the effeets of elastig settlement & the time
dependent creep settlement. ' It needs to be noted that, the settlement
due to creep is about 4.5 times the elastic settlement & hence it is
necessary to consider the effect of the former while considering the
important desién aspect of ensuring the provision of adequate bond

at the contact joint.

U.S.B.R. has given én approximate relationship between the
creep'énd time in the form of a curve in Concrete Manual', About 80%
of limiting creep occurs within the first year, while most of the
remiinder takes place in the second year. It also depends upon
factors guch as age of the concrete when loaded, degree of saturation

of concrete, grading of the aggregates ete.

Thus it will be seen that, the factors above discussed can
also cause high internal stresses at the joint if new concrete is
placed directly against the old concrete. The implications involved

sre thus obvious from the above discussions.

3.4.9 From this we can conclude that, placing of new concrete

against the old section is highly undesirable due to the cevelopment of
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internal stresses of high magnitude at the joint caused by the
restraint to shrinkage and settlement of the new concrete offered by
the bond at the joint. However, the strength of bond at the joint
being inadequate to regsist thesé'stresses, this will result in
cracking and therefore‘a non-monolithie struetural getion. It is
therefore necessary to defér the bonding of the two masses for a
sufficiently long time so as to allow the above mentioned movements
to occur. However, from the finaneial implications involved, an
upper limit for such a time gap is required to be imposed. From the
latter consideration, it may happen that some movements may still be
remaihing, in which case some stresses will have to be registed by
the bond at the joint, If the 5ond is not strong enough,other

suitable provisions will be necegsary.

3.5 Stability under eracked condition :-

3.5.1 It is thus diffiéult to obtain a strong bond at the joint
due to the difference %m in the behaviours of the two concretes
principally due to their different temperature coefficients. In

the event of a crack developing at the joint, the frictional
resistance at the joint must be capable of fully absorbing the
shearing stresse§ occuring in its region to ensure joint aetion of
the two sections as one structure. However thig reliance on friction
as the resisting force for stsbility will be a dangerous proposition,
if on creation of a crack due. to break of bond, water finds its way

into the cracked jbint. This water can have two fold effects -
1) Hydrostatic uplift on the added mass,
& i1) Comgiderable reduction in the frictional resistance

at the joint.



Even if the effect of hydrostatic uplift is disregarded,0f
we find that, the stablizing moment gets reduced to be worthy of

consideration (10).

3.5.2 Please refer to figure 3.9 (b). Considering a monolithic
section and assuming that, the resultant of the forces of self weight
" of the triangular dam profile, uplift pressure and horizontal water

pressure passes through the downstream middle third, we get,

5 3
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Here 'h' denotes the final danm height and ' M' the

coefficient of uplift.
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In case a crack is assumed to develop at the joint, /the
aﬁded section will still have a tendency to overturn about its down-
stream‘toe, while the old section will try to overturn about the old

downstream toe.

Such a difference in the overturning actions eauses g
reduction in the stabilizing moment which is equal to the product

of the reduction .



cbioR Iin the lever arm due to change in the axis of rotation gnd
the weight of the seetion of the original dam.

Thus, if Ah  is the extent of raising,
reduction in stabilizing moment
= g 4m HxH (f-;ufr)g m-Ah

- ( TC-A»T)mZ HZah
bbbt bbb - where 'H!

denotes original height
of the dam.

. «Stabilizing moment under fissured condition.

=( T -M'f)mzh‘g (Te =u7) m2 H® ah
3 T 2 o
3 2
H® (h-H) |
= (Y =pu¥) g - e cam————
) 3 2 0

o Stabilizing moment after crack formation
Original stabélizing moment for monolithic section
3(h-H) H

Y 5 TR

0 2nd 0

= 'R' say.

If we plot 'R' versus H/h' , as shown in figure 3.9 (a) we
see that 'R' reduces as H/h is decreased from 1 towards zero but after
reaching the least value of 0.778 for H/h -~ 2/3, 1t again increases

with decrease in H/h. When H/h = 1, R = 1 and when H/h<=0, R =1.00.

Thus when Ah=0.5H, or raising is 50% of the original height

of Tthe dam, maximum reduction in the stabilizing moment tQ the extent
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of 22,2% occurs and the factor of safety against overturning reduces

from 2 for monolithic condition to 1.56 for the cracked condition.

This reduction in factor of safety is thus significant and
worthy of notice. Although effect of friection has not been considered
in the above analysis which will provide for better stability, we also
can not forget that, we have not taken into account the opposite effect
produced by the hydrostatic uplift at the joint. A well lubricated
fissure at the joint will also cause tensile stresses at the base of

the added section thus worsening the conditions further.

3453 Thus it is evident that, a fissure at the joint will not by
its existence alone be dangerous in reducing safeté of the structure,
but that its accompanying effécts such as appreciable reduction in
friction ét the joint and hydrostatic uplift are likely to enhance
the degree of severity to such an extent as to bring the structre ‘

on the brink of failure.

As a safety precaution to minimise the bad effects of entry
of water into the joint in the event of crack formation, it is pre-
ferable to provide a properly planned drainage system on the downstream
face of the existing structure in order to drain away and tThus provide
relief to the water which may seep under pressure into the cracked
Joint. These measures can be in the form of :- |

i) Locating the contraction joints in the new concrete

exactly at plages where these are provided in the existing structure.

1i) A drainage gallery can be provided. at a level suffi-

eiently low in the added section.



a9
jii) Placement of a system of semi-circular pipes on the
downstream face of the existing dam. These can be connected to
the new gallery.
iv) If there is appreciable seepage through the body of
the dam finding way into the BOint, it can be contyolled and adequa-

tely reduced by proper grouting.

3.6 Effect of differences in properties on the stability of the dam ¢

3.6.1 Difference ih the ages of the oncrete of the o0ld dam and

the concrete of the section to be added is the cause of differnees in
the elastic behaviours of the two masses. The effect on stress
Aistribution within the sections can be determined analytically by

the use qf_finite element method of analysis which takes into account
the differences in the modulii of elasticity of the different parts of

the structure. On the other hand, photoelastic studies can also be

employed for this purpose.

3.6.2 Lowver the Value~of modulus of elasticity of the new concrete,
the larger will be the sharing of increased loads by the 0ld section
of the structure. This may cause tensile stresses on the upstrearm
face of the dam. From these photow-elastic experiments, that value

of elastic modulus of the new concrete can be determined for which,

if the water level in the lake is raised from the maximum level at

the time of bonding to the final reservoir level after heightening, the
will be no tensile stresses on the upstrea~ face of the dam. This
value will d epend upon the dimensions of the original seection and @he

extent of rise in the wat~r level (20).

34643 queh a study was conducted in the case of raising Odomari

dam in Japan. This dam had an origihal height of 62.5 m and it was
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raised by XRA 10 metres. Photo-elastic studies showed that, when the
modulus of Qlasticity of new concrete readhed a walue at 80% of the
elastic modulus of the existing concrete, tensile stress induced on the
upstream face was of the order of 0.5 kgs/cmz. only. = It was also

found that, the new conerete required three months to attaih this value

(20).

3.7 Influence of Reservoir level on stability

3.7.1 The most preferzble condition for the strengthening of a dam
will be when the reservoir is empty. However this is not an economical
proposition as it results in loss of Ealuable hydro-eléctric power or
irrigation henefits ete. depending upon‘the purpose of storage provided.
- Therefore 1% wo1ld be preferable if the normal reservoir operation could
be maintained even during the cénstructioniof the strengthening section.
This attempt to keep the dam in service during the constructibn of

additional section poses some problems.

3.7.2 Thus, the special characteristic of loading in the éaée of
héightened dams is that, the strengthening section is added upon the
existing one which has already been strained and deformed under the
effects of external loads. These ®e variable external loads, as

the lake level changes during construction. Other factors which
affect stress distribution and which also are v atiable with time are
shrinkage; difference in age beteen the two concretes. etc. which have
been considered earlier. A1l these factors which vary with tiﬁe and
affect stress distribution in the structure are difficult to control.
If bonding is done simultaneously with heightening, the stress pattern
created in the structure, which is difficult of accurate asqessment on

account of variable nature of these factors, will get locked up in the
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structure giving rise to uncertainty as regards the actual
conditions in the structure. This method is therefore not preferred

on this account zlso.

3.7 .3 Thus when the addition isd’ne to the existing section, let
Us suppose under lgke full condition, the stress-distribution within
the mass of the existing structure remains nearly unchanged. This is |
as the existing structure has fully deformed under the prevalent forces
when the new mass was added. Hence there is practically very little
sharing of loads between the two parts as far as the existing forces
are concerned.  When the water level rises to the new top, additional
thrust acts which is resisted by development of stresses across the
combined section which could result in tension on the upstream face,
especially when the existing seétion itself does not satisfy the
criterion of no tension under the action of forces whichated onfit prior

to its raising.

3.7.4 To avbid the development of tensile stresses on the upstream
face, it 1s thus necessary to increase the load sharing between the two
sections. This will be best achhieved under reservoir empty conlitions.
However this is not permissible on account of the finaneial implications
involved. The condition of making the reservoir empty willmot however

be needed to avolid tensile stresses on‘the upstream face.

3.7.5 The appropriate lake level at which the new section may be
bonded with the old section can be theoretically calculated. This
factor will certainly affect the framing of the construction schedule

of the work. Thus it 1srecessary to keep the new work seperate from

the old initially from this aspect also.
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3.7.6 Before discussing how this permissible regervoir devgtion
at the time of bonding can be determined, we shall first diseuss how x%

stresses in the combined structure can be calcukated.

3.7.6.1 Ye suppose-that, the new structure is constructed seperate
of the 0ld right upto the top of the latter., The new work however
derives its support for stability elther through the anchor bars
provided in both the works or through rib contacts with the old work.
Let us supﬁose that there is water in the reservoir for a depth equal
to 'ph' and under this condition we propose to connec£ the old stru-

cture with the new one. Please refer the sketch given below.

Under.these conditions, the existing dam is in a déformed
but balanced state under the action-of horizontsl water thrust corres-
ponding to the water depth 'sh', uplift corresponding tothe same
water depth, weight of the old section itself and the component of the
wéight of the added section normal to the downstream face of the
exlisting section. An additional force of friction acting downwards

on the existing section will also come into play if the new mass

derives its support by resting on the old section at few points throigh
rib-contacts. Magnitude of this frictional force, which will be

equal to the product of the normal component of the weight of the
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~added section and thqboefficieht of friction at rib contacts, is an
“uncertain factor in such cases. So ealculations are done in such
cases by assuming possible maximum and minimum values of the coeffiecient
of frietion, so that the possible range'in the variation of stresses
is known. |

The stresses at the base or any horizontal section of the
dam can thus be found under the action of the above forces by
conventional gravity analysis. Seperate analyses are carried out
for the existing section and the added section. Now assuming that,
the new mass has attained stable conditions from other considerations,
if we bond the two sections under the above conditions of stresses
existing in them, the stress digtribution as existing at the time of
bonding will be as if locked up witﬁin the'structure. Therefore
we term this stress piecture as "Loéked in gtregseg'’. The structure
after sealing will behave as a monolithic structure as far as resisting

of additional foreces impoged upon it after this bonding are considered.

Thus there is superposition of the following stresses:-
i) The stresses which exist at the time of bonding the two

sections corresponding to the then existing forces.

i1) The stresses produced in the whole structure behaving as
one unit under the acfion of gdditional forees imposed upon it after
bonding.

Thus it is possible_to determine the stress pieture under
final conditions of loading. By analysing in this manner for
different reservoir elevations at the time of bonding, that reservoir
elevation for which the $tress on the upstream face shall just be

compressive can be determined.
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3.7.642 In the case of simple profiles, it is possible to develop a
general equation expressing the relationship between the maximum permi-
ssible reservoir elevation and the downstream slope of the dam for
achieving the condition of no tension on the upstream face of the
structure. v |

Mr.Masgo Kondo, a Japanese Engineer cSnnected with the work

of heightening of 'Odomari Dam' in Japan gives the following formula(20)
for deeciding upon the downstream slope of the new section to be added
for strengthening the existing section to satisfy the condition of no
tension on the upstream face. (Please refer figure number 3.10 in this

connection.).

Amzo + Bmg + C = O.

Where, 5 | ,
A = (1+5)7 (Ye=puT) + (Les)9T 2
B = (145)% (nTer2nT-2nuf-Tekd427(1es)7n 2
+(L1es) 12( Ts -1)d’.n-z-r-n./f )
! )
3 o=t kgt § TOre) Mo&
C = (Les)” Yl dun=¥-1:47ke§ -Vnky o+
Q 2
+ (”S){z (15‘1)"‘?'.“1‘2 7'/527\1} +T'/53("‘1+1)- (75-1)'0'3'(71 +Ce) 5
and a = 2n¢f__(u4fy/f

™mam (-m+-n)"

In the above formula, the notations are as under:

i)m = Downstream slope of existing section
supposed to be triangular.

11)n - upstream slope of the existing section.

iii)mo =~ Downstream slope of the added section
to be determined.

iv) V. = Unit wéight of concrete.
v) T = Unit weight of water.

vi)¥s = Unit weight of silt.
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vii) m = Coefficient of uplift.

e

viii) 4 = ratio of depth of silt
Original height of the
structure.

ix) n
x)/z

xi) s = Amount of raising
Original dgm height.

original height of the 4 am.

Water depth during construétion
original height of dam.

|3

xii) § = Maximum water depth under final conditions
Final height of dam.

x1ii)Ce = Coefficient of silt pressure.

%iv)kl - Seismic coefficient of horizontal

earthquake acceleration.

This formula was used by the Japanese Engineers in case of
raising of Odomari bam in determining the downstream slope of the
strengthening section for the condition of reservoir operation of lake
full condition at all times. Thus by plotting ‘mo versus p' curve,
fhey determined the downstream slope for the value of p=1 for no
tension condition.

In view of the advantages the method of parallel heightening
has in the abéence of effective shear stresses at the joint, this author
was interested in having the same d ownstream slope for the section to
be added. From this point of view, the above equation was transformed
by taking mo = m in an attempt to usef%o calculate the maximum permissi-
ble reservoir elevation for no tension condition in case of parallel
heightening. The use of this transfermed@ equation was checked in an
actual case assuming M=l as is always assumed as per recent design

practice. The formula however did not give satisfactory results. As

derivation of the above mentioned tormula is not available, there is no



Way to further comment upon this formula.
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Looking to the importance of this aspect however, a formula

has been derived which is given below -

3

Vihere, |
. A;s(s-&e)(n +1) oo D20
(m+n) (1482 7 T (1+8)
N s2CGm+ms-n) +m3(,+5 352)+m(35ﬂ) m7‘5(3“'+2§|
R (1+8)° Cm2+1) ' )
| —nCs+y (2m+n) G+s)
- > + M (m+n)(1+5) !
<m+n) ( )( +<y’n+n)
_¥s [ 5 g2 LB ced
L3 (m+n) ]

The. notations in this formula are the same as before..

For a simpler profile of traingular shape with upstream face

verticsl, we get the following formula by putting n = O,

-

n(*+s) }scm 5505 rR) +m3(;+5 ~3)+m(3s +1:]_(1+s)(/<un@+1) e dice
s(s+e)| |¥ [(1+3)? (mP+1) m ¥ w

Taking Ye= 150 1lbs/cft ¥= 62.4 1bs/cft and u = coefficient

of uplift = 1, we can calculate different values of 's' for different

heightenings for different downstream slopes. A plot of '/3 varsus s'

for different downstream slopes is g\iven in figure 3.12.
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From this figure, the following observationg can be made:.

a) In the case of each curve, there is a particular range of
heightening in which the requirement of water level @ the time of bonding
is very sensitive to the changes in the extent »f raising involved.

Beyond this range, however, the changes are smooth and gradual.

b) For any particular downstream slope, as the amount of
raising is increased, the maximum permissible lake level at the time of
ponding also increases. In other words, larger the amount of heightenin

greater will be the flexibility available in the construction programme.

¢) As the downstream slope of the profile is flattened, lake
level can be kept @ a higher level considering the same amount of
heightening. This can however be expected without actual calculations

also.

In the above calculations, a free and frictionless sliding

joint has been assumed.

3.7.6.3 Effect of friction on locked—in Stresses

As mentioned earlier, when the new mass gets its support.

_ from the old section through rib-contacts, there may be certain amount
of friction acting at this contact if the joint is not a perfectly
sliding one. This frictional resistance at the joint may act as to
prevent sliding down of the new mass over the old mass at these
contacts. This restraint is difficult to determine, The effect is .
to cause a very marked discontinuity in stress at the toe of the old
wall as shown in figure no.3.11 in the case of heightening of Koyne

Dam in Maharashtra State which was at one time under consideration (35).

The degree of this discontinuity in stress depends upon the frietional
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restraint at the joint, being the greagtest when the friction is the
least.

The effect of such a sudden change in the foundation pressures
is difficult to predict, but obviously.it will d epend upon'the magnitude

~ of such discontinuity in pressures and the quality of the foundation rock

In the case of M undaring wair in Australia, the stress
analysis showed that, a friction-less joint caused a 50% increase in the
compressive stress at the heel of the new wall as compared to the one
" which would have been caused had the structure been monolithic. Also
minimum compressive stress at the heel of the old dam was developed

when the friction along the joint was having a coefficient of 0,50 (23).

Sliding Joint Method of Analysig :

We saw earlier in an outline how stress analysis is carried
out in the case of Strengthening of dams. The method of such analysis
is given below in more details as put forwardd and explained by Mr.V.C.

Munt, an Australian Engineer (23). Pleg e refer to the figure given

below ¢
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Method ¢ The new wall is arbitararily divided into strips 10' wide '
and the centre of gravity of each strip is foﬁnd graphically. It ig
desirable to take strips sloping as shown, because then the boundaries
conicide more or less with the principal planes and therefore there is

very little shear between each strip,

For the purpose.. of illustration, one s%rip will be
considered in detail. The area and the weight of the str;p are fbund.
The point 'b' is the centre of gravity of the strip and the vector Fw
represents its weight. .Fw may be resolved into two components, Fn. &
Fty normal and tangential, respectively, to the slope of the old
downstream face. This may be done for each o} the strips comprising

the new wall and the values of Fn and Ft scaled off and tzbulated.

The old wall is considered to supply equal and opposite
reactions to the normal components Fn at all points along the joint.
Thus, we may distribute these normal forces along the length of the
Joint and find the normagl stress between the new and the old conecrete.
In case of Mundaring weir it varied from zero at the top of the joint
to about 1.96 kgs/cm® at the bottom. If there is a 1.22 m wide rib
in the centre of a 15.25 m wide monolith, %t should take about 5/8th
of the total load and hence the normal pressure between the rib and

the old wall is @

01.96%x10x15.25
-5-- ---------- - o j 't;/'ﬁl2
8 1.22 |

= 153 t/m2 or 15.3 kgs/cm°

In some places the ribs may shrink nway from the old wall
and so transmit no stress. Therefore, there will be other places
which transmit more than their fair share of the load, so that pressures

greater than 15.3 kgs/cm2 are likely to occur.
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Considering frictional forces along the joint, if the
coefficient of friction is 'u' then at each point where a normal forece
Fn is applied, there will be a corresponding frietional force MmFn
acting along the joint. The direction in which it zcts depends upon
whether we are considering the old or the new wall, being upwards on

the new wall and downwards on the o0ld wgll.

The forces acting on each strip of the new wall are shown

below 2=

BACK).\,;\ |

\\x By |
- 0 x\
t— +MFn) /\ \\

The stresses on the base of the new wall and the line of
resultant pressure may be found in the usual way considering the
external forces Fn and MFn and the weight Fw of each strip. This

can be done to study the effect of different coefficients of friction.

The effeet on the old wall of the new wall leaning against
it may be determined by conéidering the newly imposed forees Fn and

F'Fno . [
It is not necessary to divide the new backing section into

strips when the d ounstream slope of the dam is linear and not a curved

one.

m&L LIBRARY UMIVERSHY OF ROORKEE
KOORKEE
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3.7.6.4 In this method of dividing the new section into strips,
the effect of the weight in the portion ABC (Please refer figure -

given below) in producing a normagl force on the downstream slope of

existing seection is not considered.

The whole mass of the new section, i.e. ACDE is gcting as
one single monolithic structure and hence the total normal force
acting on the downstream face of the existing section shall be the
component of the total weight of the section in the normal direction.

However neglect of the portion ABC is on the safe side. -

3.8 Foundagtion Widening
3.8.1 It has become possible to use big rounds in blasting near

structures by the adoption of multiple row blasting with short.delay
ignition, by new methods for calculating the charge required to
ensurelloosening of rock without unnecessary throw and by increased
experience concerning ground vibrations and how these can be reduced
in large rounds. When blasting in the proximity of structures,

the "ground vibrations" is often the factor which finally decideg

how the blasting is to be carried out.
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As the ground vibrations set up by blastirg operations for
foundation widening in case of strengthening of dams are likely to get
up unsafe vibration velocities in the dam, it is essential that their
effects are considered in planning of the work. The risk of damage as
a function of the size of the charge and of the distance between the

charge and the structure to be protected has to be determined in suéh

CasesSe.
3+8.2  Mr,U, Langefors and Mr. B.,Kihlstrom (48) from their experi-
mental e xperience have given the relation Q/RB/:Z- constant., This g

ratio is termed as the charge level. The value of the charge level
permissible in g particular situation depends upon the type of rock
which is to be excavated and the type and condition of the structure
safety of which is under consgideration., 'Q' represents the charge

in one hole in kgs. or the sum of several simultaneously fired

charges at the same distance 'R' in metres from the structure. The
charges obtained corresponding to the applicable charge levels in g
particular case on the basis of their recommendations are on a very
conservative side. The permissible éharge levels in case of excava=-
tion in granitie rock in proximity of normal houses founded on same
rock for different degrees of risks have been given by the above
authors as in the table given below, In this table 'C! is the velocity o1
propagation of waves in the foundation rock. The charge levels can bhe
selected from this table depénding upon the degreg of safety desired,
These charges are applicable beyond a distance of 2.5 times the depth
of the charges from the structures to be protected. For lesser

distances, the charge level will be -5 = constant.
R
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Igble No.4

Relation between charge level and vibration velieity 'v'

in hard rock.

..-__..------—--n-'-----—--------------—

Q/R'?/_g2 :' v " v/e ' Descriptlon of damage
kg m /s to/m 1 in normal houses.
------------ -'_—...-.-.J-----..---------—--
1 1 i‘
0.008 : 30 t 6 v Fall of plaster. No cracking.
i '
0.015 : 50 : 10 t  No evidence of pracking.
t
0.030 1 70 ' 14 ' No noticeable cracks.
i f t
0.060 1100 ' 20 ’ In51gn1f1cant cracking.
‘ ' t  (Threshold vaitue)
1 ' !
0.120 v 150 ! 30 ' Cracking.
! . i i
0.25 : 225 o 45 1 Major cracks.
0.50 ' 300 ' 60 ' (Fall of stones in galleries
! t and tunnels).
t 1
1.00 ! !
1 1
f t

1
. i
v ! Cracks in rock.
]
1

Note: In softer materials, a certain w/c value requlres

2w4 times larger charges.

As the charge levels given are for norﬁal houses, a higher
charge level can be allowed for structures of better type of constru-
ction for the same degree of risk or damage. Thus for concrete
structures, a value of charge level of 0.12-0.25 may be adopted instead
of 0.06 for 'insignificant cracking'.

38,3 It has been shown from experiments that, the damage caused
depends upon the relative vibration velocity. Hence either charge
level or relative vibration velocity (i.e. v/c¢) can be uséd to define
the different degrees of damages. Generally it is recomﬁendeé to keep
the vibration velocity below.70 mm/sec. (2.8 in/sec) in caée of rock

and 50 nm/sec. in ground with a lower propagation velocity.
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This limitation in the charges that can be used in the
proximity of structures necessitates the use of short delay detonators
and intelligent use of scattering time involved in the ignition times
of such delay d etongtors, The use of proper delay detonators is
termed as arranged interférence, while the use of scatter in inereasing
the charge to be fired at the same instant is termed as the unarranged
interference. The adoption of these techniques do not require redu-
ction in either the size of the individual charges in the holes or
the total quantity of charge in a round. The total quantity of charge
in a round may however be restricted on account of the number of delay
detonators available in g series. Reduction of ground vibrations by

these techniques will now be discussed below.

3.8.4 The ground vibrations caused py a single charge acquire a
maximum amplitude’only after one or‘several previous minor deflections.
The vibration is generally of short duration and in most cases, only
three full vibrations can be expected to have_an amplitude greater
than 50% of the maximum amplitude. All others can be ignored.
Therefore, at intervals greater than 3T, where T is the time of one
cyele of vibration, there 1s no collaboratibn between two different
shots. ‘

When the delay interval '2' is less than 3T, there is
cooperation between the charges if T is an integral multiple of T.
Mathematically the condition for arranged interference can thus be
" gtated to be -

nt=KT,
Where 'K' must be an integer but not the ratio between

K&ni.w. K/n 41,2,3.
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Here 'n' denotes the number of intervals in a round. In word s,
the above equation implies that, the spread of the round in time, which
is'n?' shall be distributéd over one or a number of full periods of the
vibration concerned. In such a case, the different wave systems weaken
one another resulting in reduced ground vibrations.

Thus with interval times, which are small in re}ation to the
natural:vibration time, the number of intervals is chosenlarge enough
to ensure that 'm? amounts to the time of at least one full period. If
it does not become possible to adopt the interval tiﬁes exactly so that
'K' becomes an integer, then it can be shown that, as large a part of
the entire round as corresponds to the nearest integral value fulfills

the interference condition and only the e xcess part cooperates.

3.8.5 Unarranged interference 1s obtained if the time spread for a
number of charges is large enough to cover at least a full period of

the vibrations, even if this period 1s distributed quite arbitrarily.

A ground vibration will be obtained which is reduced to half or less,
according as the spread increases to higher values than the vibration
time. In order to calculate the effect of unarranged interfgrence,

the reduction factor 'p' at different frequency values, the natural
vibration period (reciprocal of frequency) and the values of the |
seattering ( +AT ) are given in the following table. This table applies
to a number of shots which are detonated at the same interval number with
scattering of ' + A% ' which ig so defined that 5/6 of all values of the
scattering 1lié in an interval of ZA?’ms; For instance, in case of short
delay detornators, the scattering for the two lowest may be *35 ms, for
the three succeeding ones may be +10 ms, and still greater for higher

intervals. For one second interval detonators, the secattering may be

+100 ms or more.



Table No.5
--_-----c------l_---.'. ----- ! e e w e = e e e w
f ! T ! - P .
¢/s ' msec "ar=t6 ! ¢+ 10 +25 , + 100 + 200ms
---------- ----—---—-----—.r-—--).--...—-
1 ' 1 ! ‘
5 : 200 ' 1 ' 1 , 1 12 ' 1/3
L
10 ' 100 ' 1 , 1 ;1 1/3 | 1/6
i )
20 ' 50 : 1 o1 . 1/2 1/6 ! 1/6
~ !
50 . 20 o1 ' 1/2 , 1/3 1/6 ' 1/12
1
100 ' 10 ' 1/2 1 1/3 , 1/6 1/12 ! 1/25
200 f& 5 ' 1/3 | 1/6 . 1/6 1/25 ! 1/50
500 ' 2 1/6 1/6 1/12 1/50 ! 1/100

Note: Reduetion factor ( p) is for the total charge (Q1)
within one and the same interval in unarranged
interference. The vibration effeet is assumed not
to be lower than the value which is obtained with

a single hole,

Nowif the charge allowed as per Table 4 given ih the beginning
is Q, the charge qﬁéntity in the same interval Qi, the reduced charge by
use of Table number 5.. is Qred, then it is necessary that,

Qred £ @
where,

Qred = F Qi

N

sece P'Qi Q
or Qi < Q/p
The above is a sufficlent condition,

when T 2 3T also.



If *<3 T, cooperation may take place in the different 77
groups, each one of which is repre<ented by Qred. This cooperation
does not occur between the interval numbers which have g time distance
of 3 T or more. If ¢~ T, for example, the intervals 1,2 and 3 will
co-operate, but not 1 and 4 or higher numbers nor will 2 and 5 etec.

Therefore the condition in this case will be,
3-Qred L Q.

If the interval times are less than T, then generally At<%
and therefore reduction factor p = 1. Then, the total charge in the
interval Qi cooperates but a reduction éan still be effected between
the different intervals by a regularly arranged interference by the

use of the condition,
ny = KT, where K is an integer but not K/n.

This will not gllow the effect to exceed that from an

individual interval.

For the patticular problem in hand, it is desirable to
determine the permissible charge level by actual experimentation in
the field as itse value to be adopted depends upon the type, camdition
and importance of the structure, the type of rock available gt the
site ete. | |

Thus blasting for excavation can be done in thevclose
proxinmity of the dam without endangering the safety of the structure.
By exercising proper care in the use of blasting charges and the

use of proper blasting techniques, its cost can be kept down to the

minimum possible.



3.9 Mix design for concrete :

As regards the concrete mix it i1s preferable to use the
same sources of materigls of construction for manufacture of concrete

which were used in the construction of the existing structure.

The points which need special attention while designing

the conerete mix for the new section are -

(a) Heat of hydration and unit water content should be

kept to the minimum to minimise -shrinkgge effect.

(b) The concrete should have sufficient initial plastic

property to allow effective pipe cooling without cracking,

(¢) As the concrete becomes old, its strength should

inerease gradually.

These properties in concrete can be achieved by taking the

following measuress-

i) Use of moderate heat cement for mass concrete.
ii) Use of good flyash to replace cement.
1i1) Reduction of the total amount of cement and fly ash to
the maximum possible extent. '
iv) Use of dispersing agent.
v) Striet control on aggregate manufacture to obtain
concrete of uniform qﬁality.

Conerete near the exterior may have higher heat development.

3.10 Refore conclwding this chapter, other problems associated

with strengthening may Mow be mentioned which also require  a careful

congideration on the part of the designer.
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stability of the structure and its parts and also to ensure satisfactdry

3.10.1 Ingenuity is needed on the part of the designer to attain

operating conditions for the control works. For instance,

i) Increase in head could produce velocities in some parts of
the outlet systems that may cause cavitation, vibrations, or otherwise -

undesiragble flow conditims,

ii) Shape of a crest or intake designed for original head may

be unsuited for increased head.

3.10.2 Control structures may be preferably checked by hydrauliec
model studies to ensure that changed flow conditions will not cause
certain discharges to jump out of the stilling device or over training
walls etec. ‘

3.10.3 In use of equipments such as for instance large gates and
their hoists, it may be very difficult to redesign them to accomodate

a system of loads and forces different from the one for which they

were originally designed.

3.10.4 In case of turbines and generators, their limited range of
operating characteristics needs to be carefully considered and the
design of critical parts of their components e.g. bearings need careful

checking for their sgtisfactory function under new conditions.

3.11 To conclude this chapter, we arrive at the following
conclusions from the above discussion.
1) Meguate geological and other investigations are needed

pefore taking up design of strengthening and raising.

ii) It is preferable to place the new concrete seperate from

the o0ld section initially.
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iii) Wnen the new concrete section is supported on few ribs
resting on the old section, it ig preferable to have as frictionless
a joint as is possible to obtain, when foundations are of g ood sound
rock.

iv) The reservoir elevation at which the new seection is
bonded with the ekistingvsection has an important bearing on the final
stress distribution in the structure, Therefore the construction‘pro~
gra-me needs to be so frémed by taking into conSideration varigtions
in the reservoir levels during the year that, delays in the e xecution
on account of non-realisation of the bonding level for a considerable

period of the working seasons are avoided.

v) At the time of bonding the old and the new sections, the
new mass should have attained stable tewmperature conditions -and most

of the settlements due to various factors should have occurred.

vi) It is necessary'that, the bond at the joint is made as
strong'as possible and adequate enough to prevent cracking under the

effects of residual stresses and external loads.

vii) The reservolr level may be allowed to rise above the
bonding lake level preferably after the new conerete has attained the
Recessary rigidity for adequate load sharing between the old and the
new section withoﬁt development of undesirable stregses. |

!

viii) Efficient and adequate temperature control is essential
to reduce the time gap between the placement of new conecrete and its

subsequent bonding with the old section in order to reduce the period
of construction.
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ix) The deéign of concrete mix'n%eds to be so done as to obtain

the desirable properties in the concrete,

x) Proper drainage system should be provijed on the downstrean
£ace of the existing section to eliminate the possibility of hydrostatic
uplift.

x1) Hydraulic molel studies need to be conducted to check up
satisfactory operation of control structures whieh require changes

Auring the heightening operations.

, xii) In some cases, it may be preferable and economical to increase
“the height slightly more than the requirement in order to obtain a suffi=-
oiéntly high permissible reservoir level at the time of bonding the two
sections. This is apparent from the curves given in figure 3.12. A
higher permissible lgke level at the time of bonding is desirable to

easen the framing of the construction prograwme and to avoid financial

losses in certain cases.

xiii) Utmost caré is needed in plaﬁning the blasting operations
for foundation widening to avoid any harm to the structure. mhis needs
experimentatidn to'decide upon the safe charge level to be used as the
same depends upon the type and condition of the structure and the founda-

tion rock gt the site.
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Appendix I

‘RESULTS_OF EXPERIMENTS CONDUCTED TO DETERVMINE

BOND STRENGTH OF JOINT BETWEEN OLD AND NEW CONCRETE IN

CONNECTION WITH "STRENGTHENING OF KOYNA DAM BY CONCRETE BACKING"

(MAHARASHTRA)
sr.No. 'Sheay Stress ! Normgl stress ' Cohesiog.- T zv;r;g; T
, in p.s.i. in p.seie ,  1in p.s.i. ,° Cohesion
R ' ' , in D.s.ie
(A) B%OCKS CAST ON BOUGHENED SURFACE: A
t
] { 'l |
1. 267 : 63.0 177
1 1 ]
2 230 59,5 145
] M 1 t
3 265 68.2 168
t § 1 1
4 253 67.5 ' 162
1 { f 1
5 208 39.0 152.5 155.0
1 t [ ] t
6 267 66.6 172
§ 1 ] ]
7 217 46.5 ’ 150.5
N 1 { | ] §
8 232 50. 160.5
§ 1 1 f
9 190 41 131.5
1 ) 1 1 , §
10 ‘ 1°0 : 37 : 137.5 ;
11 : 233 : 47,7 ! 165 :
1
, .
12 ' 183 : 35 ! 133 :
] 1.
13 f 224 : 65.2 ' 131 !
-~-_--1 ------- o W WS W AN M W e e '--a—\-n—u-,--n—u---
(B) BLOCKS CAST ON UNROUGHENED SURFACE3-
1 ! 150 ' . 32.4 ' 104 ‘
2 ! 175 ' 44,5 ! 111.5 ' 83,0
3 ! 77 3 ! 17 ! 53 '
4 ! 91 ! 19.4 ' 64,5 !

------ N-»-\n-"---------w---b—-»-u--uwn

Notes: i) The ecohesion has been worked out taking
“the angle of internal friction as 552

i{i) The blocks were tested after curing for
28 days. . .
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RESULTS OF SHEAR TESTS OF BHANDARDARA DAY SITE (MAHARASHTRA)

r.No.! . ' Shear  Normal | Bond strength
_ ' stress !, stress cdheélon) '
t in 4 in ‘ kg/cm for o
''kg/em” ,kg/em® 1@ - 345° ' P = 55
(i)-CSnEfétg Eigcis-cgsg an-v ---------- STt s T
' Semi-wet ineclined surface . ' )
!
1. 11,00 ' 3.02 ' 7.98 -1 6.70
!
o, | 4,20 ' 0.85 = 8.35 1+ 2.98
1 .
3. | 9,40 ' 0.33 9,07 + 8.93
t
4, | 4.50 ' 1.28 | 3.22 ' 2.68

(B) Concrete blocks cast on t
complete wet inclined ' '

' surface. !

5. . ! 4012 ' 1017 \ 2095 2045
\ . 1

6. 1 5.64  1l.64 v 4.00 3.30
! t

70 1 4.50 1028 i 3.22 2.68

J .
(C) Concrete blocks cast on .
) dry inclined surface ' !

8. t 9,35 : 3.08 : 6.27 4.95
9. ! 1 7.38 ! 2.06 ' 5.32 : 4,44
0. ! : 3.62 E 1.39 ! 2.23 ' o1.64
11. ! : 5.95 : 1.15 : 4.80 : 4,32
12, ! ' 5,30 1 1.37 ! 3.93 ' 3.35
13. 5 E 8.86 ! 2.92 ! 5.88 E 4,54
STt TTTTTTTTmmT T TR verage - 4,79 4.08°

Notes: 1, Curing period ; 28 days for concrete blocks.

S. Conerete for blockg-premixed(1:1%:3) with maximum
size of aggregate #', water cement ratio =0. 60 to 1.

3, '#'denotes the angle of internal friection at the
' contact joint.
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Appendix II - B

RESULTS OF SHEAR TESTS OF BHANDARDARA DAM SITE (MAHARASHTRA)

(A) Masonry blocks cast on

dry inclined surface.
1

1
{
t
H

1

{B) Masonry blocks cast on
comnlete wet inclined
surface.

(C) Masonry blocks cast on
semi-wet ineclined
surface.

2.98
3.71
607

3.16

3.55
2.9

5,34
3.42
2.78
3.76

Normal , Bond Strength

Ld - - - L d - - - - L - e - hd - L - - . - e L hd - - - - - g — - e W - .

stgess (coheséon) in
kyaz';gg°;?:%o
. e e p e o e e .. -
' '
0.86 = 2.13 | 1.77
1.17  2.54 | 2.04
1.58  4.49 | 3.83
0.89  2.27 | 1.9
1.03 =~ 2.52 | 2.08
0.9t = 2.05 | 1.65
! 1
1.18 4.16 3.66
0.73 2.69 2.38
0.63 2.15 1.89
1.02 2.74 2.32
0,70 2.32 2.03
1.26 4,47 3.93
Average = 2.88 2.45

Notes: 1. Curing period = 28 days for masonry blocks.

2. Magsonry in c.m.(1:3) proportion, water cement

3. '#' denotes the angle of internal friction

at the contact joint.
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CHAPTER IV

CONSTRUCTION CONSIDERATIONS AND

TECENIQUES IN STRENGTHENING

GRAVITY DAMS




CHAPTER IV 30

Construction considerations and technigueg

in strengthening Gravity Damg :

4.0 General

In the previous Chapter, the design considerations involved in
the raising and strengthening of gravity dams have been discussed. It
is now proposed to discuss those special construetion features and suita-
ble construction procedures, which are necessary to be adopted to attain

fulfilment of the degign conditions,

4,1 Initial separation of new section from the old:
4.1.1 It is necessary to keep the new concrete mass separate from
the old concrete mass initially from two considerations :

i) To allow movement of the new concrete to take place without
setting up severe shearing stresses at the junction of the two masses and
to check the tendency of the new concrete to erack in unpredictable
directions,

& 11) to keep down the rise in temperature in the new concrete as

low as possible and also to prevent heat transfer from it to the old

wall (23).

4,1.2 The new concrete can be kept separate from the existing section

in three ways as follows :-

a) The new section may be separated from the 0ld section
through a system of mild steel m rods. |

b) The new sectién can be kept separaté from the old dam by

resting it on the downstream slope of the existing dam through precast

ribs.
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¢) The new concrete may be separated from the old section by
Lacing it against precast slabs with legs resting am the downstream face

f the existing section.

»1e3 In the first method, holes are drilled on the downstream face of
e existing dam in a direction at right angles to its downstream face, the
apth of these holes being dependent on the consideration of bond for |
ransfer of loads. Mild steel rods are inserted in these holes and
routed. The rods are of sufficient length so as to span across the

Ldth of the gap propqsed to be kept between the old and the new sections
1d to get embedded into both the sections for adequate length. 1In the
sge of Agswan dam in Egypt, the rods were embedded for 1.5 metre length
1 each section. Flexibility of these rods over their free length in the’
idth of the gap is suffifient to allow unrestrained movement of the glab
iring its shrinkage and settlement. At the same time the rods are strong
aough to offer adequate reaction to support the new mass on the old
sction (31). The rods are well embedded on both sides so that dependence
s not placed on their terminal points alone transmitting pressure, but
lvantage is taken of their bond as well, thus makimg certain that there

s no possibility of movement in the direction of their length. The

apth of embedment provided should be adequate from this consideration .

t may be that the two sectioﬁs have a tendency to move away from each
ther during an earthquake shock in which case these bars adequately
mbedded in both the sections will serve to prevent occurrence of such a
eperation. An exgmple of this methbd of supporting the new backing is
he first helghtening of Asswan dam in Egypt. In this case, the original
eight of 12.4 metres was raised by 5.0 metres by adding a stone masonry
acking of 6,18 metres thickness on the downstreaﬁ side. Steel bars of

2 mm diameter, one per square metre of the surface area, were provided
'or supporting the new work. A minimum gap of 15 ems width was kept

etween the new and the old work. This gap was not grouted for 2 years
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L11 the new mass attained stable temﬁeratures as in the e#isting

ork (11,13),

v1l.4 In the second method, ribs resting on the downstreaﬁ face of

n1e old dam are providéd on whieh the new concrete section rests leaving
clear gap between the downstream face of the existing dam &nd the

aer face of the new conecrete sectioﬁ in the remaining portim. Generally
iree ribs are providéd, two out of which are located ad joining the

ransverse contraction joints in the old work, i.e. at either end of each

dholith, the third rib being provided centrally. It may be mentioned

’re that, the transverse joints are continued in the new work in the

ame vertiecal plane as in the old work when full backing is provided.

+»1.4,1 There can be a variation in the provision of such ribs. These
ibs may be cast on the downstream face of the old dam the latter having
sen roughened to create good bond between the two. The new backing

an then be made to rest on these pre-cast ribs through corresponding

2gs formed while placing it. This arrangement is shéwn in plan in the
igure belov.s This mebhod was used in the construction of the strength-

ning section for the Alpine dam in California (2,34).

LEG IN NEW SECTION PRE-CAST RIBS
' A
¥
NEW-SECTION
— ]
'
‘» G;;\P == é.
V777 7 7 S RN CNSSSS W77
I\ 7
- 1ON
| Fovewened | S ousecTion N
SURFACE OF Vi AN " N
OLD WORK i

LOWRIBS ___/
BE PLAN



4.1.4.2 An alternative method is to chip out on an'average 2.5 ems thick8d
conceete on the downstream face of the existing structure and to form a
bedding of cement mortar of 5 cms thickness under the ribs. The surface of
this mortar bedding is trowelled to a smooth finish. On this bedding is
made td rest the rib formed monolithic with the neQ conerete backing in

such a way as to leave a gap of the desited width between the two works.
This is shown in the figure given below. This method was adopted in
strengthening of Mundaring weir in Australia (23), Mullardoch dam in

Scotland (21), O'shaughnessy dam in San-Franseisco (14) and lages dam in

Brazil.

CONTRACTION JOINT

AN

NEW SECTION L»

MONTAR
BEDDING

R
~

&
AE oLD SECTION N
- A W~ N4

- -

4,1.4.38 When the new work is supported on the old work through ribs,
“the surface of contaet between the precast ribs and the legs of the new
section resting on the ribs in the first method and that between the
monolithic rib and the mortar bedding in the second method is made as
smooth as possible to prevent bond and gllow free sliding movement of the
newv masgs along the jJoint. This prevents undesiréble,cracking of the new
mass as by such an arrangement its movement is not restricted and thetefore

there is generally no development of undesirable stresses at the joint.

4.1.4.4 An interesting system was adopted in the case of Alpine dam in
California (2) to obfain a smooth frictimless joint between the #ibs and
the legs of the new section butting against these. In this case, ribs of
width 30 ems and height 20 cms were built vertically on the downstream

face of the existing section at 6 metres centres. These ribs were faced
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faced with 24 gauge galvanised steel sheets to prevent bond between the
legs of the new section and the precast ribse 25 mm x 25 mm x 3 mn angle
wag embedded in the butting face of the leg of the new section by placi;g the
angle longitudinglly on the face of the pregest rib. At intérvals, the
angle was fitted with a small pipe connection which extended through the
sides of the formwork for the leg and terminated in a pregsure gregse
fitting. Just before pouring of the new sectioﬁ, the space between the
angle and the sheet metal on the precast rib was filled with liquid somp
by operating a soap filled lubricating gun on the grease fittings. During
the period of shrinkage of the new section, the liquid sogp in the sliding
Joints of the ribs ensured freedom of movement without inducing any

stresses., The figure given below shows the arrangement.

3 ‘
' ; W
I : NEW SECTION PIPE CONNE C TIONS
[- TTAT INTERVALS

ANGLE
ANGLE- o PRESSURE-GREASE
F’Dz/ \\:,%,@-* FITTING.
)

! RIBS oA
! S 0A - .
! .me ey :'ISLT/I;EEWITH | PRE- -L’ !
. - E ’
SIFAG soAP /| CasT

=&
ST A
L OLD WORK Y

| ' W :
ARRANGEMENT USED ON ALPINE

DAM TO PROYIDE A FRICTIONLESS
JOINT DURING CONSTRUCTION.

Thig method has been extensively used in the strengthening operations

of dams.

4.,1.5 The third method of seperating the new concrete from the o0ld dam
consists of placing precast concrete slabs of suitable size on the down-
stream face of the existing seetion. These slabs rest on the surface of
the dam on thelr legs so as to form a gap of the desired width between the
dam and undersides of these slabs. This gap is generally 15 ems in width.

The precast slabs are provided with lugs at four corners and keys

on either side to form bond with coneretes on either side. The slabs are



suitably reinforced to carry the load of the concrete. Their surfacesﬂs)S'
also are kept rough so as to bond well with concretes on either side.
To permit the new concrete to contraet and settle down, the
C
horizontal joint lines between the successive layers of these slabs are

provided with sealing strips of rubber of adequate thickness to permit

free contraction.

The lugs and end sealing strips of the slabs can be made to
rest on specially provided bituminous pads firmly fixed on the concrete
of the old dam to permit free movement of precast slabs with reference
to the old dam. The lugs and end sealing strips of the slabs have
to be provided with rounded and smooth contact surfaces to permit easy
movement.,

Holes have to be left in these slabs for insertion of dowel

“bars when provided.

This method was used in the strengthening of Barker Dam. Slabs
of gize 2 m x 3.66 m (length) x 0.2 m (thickness) were used (2). The
arrangement has been shown in figure No.4.1 . This arrangement has not

been much used in case of dams strengthened so far.

4,1.6  The section to be added on the downstream may not need support
from the existing section for its stability, if its unsupported height is
kept within certain limits. | Thus it may be possible to construct the
section to be added for reasonable heights- 8 m to 12 m - without any
support, if the slope of its overhanging surface 1s not much flatter than
0.7 H:lv. In case of strengthening of Koyna dam, this was done, the

use of dowel bars across the contact joint'between the two sections being
solely for resisting shear & tensile stresses likely to develop at the

joint. Thus use of ribs can be dispensed with.
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4,1.,7 Comparative Merits & Demerits ¢

in the first two methods, the underside of the backing
requires the use of costly formwork and its supporting arrangement. When
dowel bars are to pass across the formwork, this cost is further enhanced.
In the third method, precast slabs which get ultimately embedded in the
work serve as the formwork for the backiné concrete at the time of its
placement and hence there is an appreciable saving bn shuttering costs.
Also the operations of hacking the underside of the backing concrete to
obtain good bond at the joint of the backing concrete and the gap filling
concrete which are required to be carried out under difficult conditions
in the first two methods are eliminagted automatically in the last method.
However the advantage of visual inspection and control in proper filling
of the gap without leaving voids and weaknesses is available only in the
former two methods. In the third method one has to rely on the hope of
getting g properly filled joint by grouting in the most workﬁanlike
manner,

In_soﬁe instances, the backing section has been constructed
seperate from the old section with the provision of a seperation gap of

1.2 metres and without the uge of ribs for support. In such cases &

especially when strengthening is effected by the provision of downstream
buttresses, the underside of the backing gection may provide a cOmpara=
tively more effective cooling surface due to better air-circulation
facility arownd the backing section on all its faces. This may reduce
the cooling time thus effecting savings in the cost of operating the

cooling system.

In case of the work of strengthening of Kpyna dam, use of ribs

for supporting the downstream strengthening seetion was not made.
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4,2 Precautions to obtain good bond at the joint

_After the new concrete has cooled sufficiently and attained
stable temperatures, it becomes necessary to grout the gap to obtain
monolithie structural action, In order to obtain a strong bond
between the old and the new sections ensuring thereby monolithiec action
of the structure as a whole, it is necessary that the bond at the joint
1s made strong enough to successfully resigt the shear stresses developing

at the joint.

‘The various measures generally adopted to increase the bond

strength at the joint are :-

1) Boughening of the old concrete surface by chipping manually
or with pneumatic tools for a depth of about 12 mms to 20 =ms (3"-3/4"),

ii) Cutting shear keys in the downstream face of the dam and
forming them on the upstream face of new backing concrete at the time of
its easting. |

iii) Providing dowBl bars to assist in resisting shear stresses.

4,2.1 . Roughening of the concrete surfaces of the old and the new work
is an arduous and a ®m costly job. The intention is to expose a fresh,
COmpactvand a suffifiently rough concrete surface to effect a better bond
at the joint. To achieve this purpose it is necessary to do the
chipping only a few days in advance of the placement of concrete against
it. - The chipping of the sloping and hanging underside of the new
concrete is moré difficult than the hacking of the surface of the old
section. Thus although the job is of a comparatively simple nature, it

is'time consuming and is required to be executed under difficult conditions.

The roughened surface of the concrete is required to be kept
wet for about 3 days in order to prevent absorption of water from the new

concrete placed in the gap., It is also necessayy to see that, the surface
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is properly cleaned by air water jets and then a layer of cement mortar
about 2.5 cms to 5 ems thick is applied over this surface just before
placing concrete in the gap. Similarly therough vibration of concrete
near the contact surfaces on either side of the gap needs to be ensured.
Such a procedure will prevent formation of voids at the joint whieh
otherwise may weaken itws strength. Utmost care and vigilance is nece-

ssary in controlling this phase of the job.

4,2.2 When it is expected that, the bond obtained due to placement
and consolidation of fresh concrete in the gap .after proper roughening of
the joint surfaces will not produce the required strength to resist the
shearing stresses that may develop at the joint, provision of dowel

bars and shear keys is made to assist in resisting these stresses. The
shear keys are also xm useful in effecting transfer of stresses across
the joint (in a direction not normal to the joint plane) in case the

slot concrete undergoe§ shrinkage so as to form small seperation waxk

voids at the joint,

4,2.2.1 When shear keys are provided, a crack will be developed at the
joint only when the concrete forming the keys is sheared off in the
plane of the joint. Te force required to shear off the concrete is
definitely more than that to break the bond of two concretes whieh

have been gust placed oneover the other. Provision of shear keys there=-
fore increases the overall sfreﬁgth of the joint in resisting shear
étresses. " These have been provided in the case of Koyna dam in Maha-
rashtra, Ross dam in U.S.A, Alpine dam in California and O'shaughneny

dam in Sanfransciscoe.

4,2.2.2 The keys are in the form of rectangular or trapezoidal notches
cut in the old concrete or formed on the underside of the backing concre-
te. Cutting shear keys in the conerete is a very costly operation. Cost

on this aecount may be of the order of Rs.80/~ per cubic metre (1973).
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Provision of such keys not only involves excavation of set concrete but
also filling of the notch by new conerete. Thus provision of shear keys
1s a costly affair but has to be provided when stresses of high magnitude

occur in the region of the joint.

4.5.2.3 The excaVatioﬁ of these nothces ig carried out by pneumatic
breakers.  Utmost care is required while cutting concrete near the edges
of the keys to obtain a right angled eut. A rounded cofner is not
desirable. Some designers favour the use of the folloWing shape of the

key when the structure is located in an earthquake region.

DS FACE OF
EXISTING DAM

A
_SHEAR KE'Y
£ A A
2 /)
NS0

__ACUTE ANGLE.

AN

// ya /1/"/‘41!;4/; SO,

:

C— . e

By giving such peculiar shape, the shear key is expected to
ensure proper inteflocking by wedge action and thus to help in preventing
'séparation of the 0ld and the new sections if they try to do so in an
earthquake shock. However the acute angled sharp edges at the locations
'A' shown in the above gigure are difficult to obtain during the excava-
tion of the key{ | |

| In some instances, when the stresses at the joint are low,
shear keys =ff of only 7.5 cms depth have been provided on the upstream
faee of the new hanging section as a substifute for roughening this

sur face, the latter operation having been found difficult to execute (23).
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Example of Mundaring Weir in Australia can be cited in this respect.

Please refer figure 4.7.

4,2.3  Dowel bars can be provided with either of the following
objectives -
i) To provide support to the new concrete during construction
before filling the gap. -
ii) Prevention of shrinking away of new concrete with respect
to the old. |

11i) To assist in resisting shearing stresses at the joint.,

4.2,3,1 Their purpose in supporting new concrete during construection
has been-already discussed., However 1t méy be gdded inthis connection
that, some authorities’appear to prefer the method of using ribs to

support the new section when the addition is wassive (23).

4.2.3.2 The dowel bars will also serve the same burpose as the shear
keys during an earth tremor. So also they will prevent the shrinking
away of the slot concrete from its joints with the old and the new

concretes thus ensuring a tight joint.,

4.2.343 When shearing stresses of high magnitude as well as tensile
stresses are expected on the joint plane, the use of dowels can not be
avoided. The use of dowels in large quantity in the cecase of strength-

ening of the Koyna dam has been made on this account.

4.2.3,4 Provision of dowels involves the costly operations of drilling
holes in the old masonry or concrete to the extent of 1.5 metres to 2.4
metres (5' to 8') depth depending #ee upon the purpose of their provision.
These holes have then to be cleaned and filled with cement grout to fix

the anchor bars effectively. The holes are cleaned by air and water
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Jets to remove the dust from inside the holes formed during drilling as
well as to remove any foreign matter and loose particies which remaining
inside can affect bond length necessary for effective anchorage. The
holes have to be kept wet for about 2-3 days before fixing the d owels in
them,

4.2.3.5 Percussion drilling is normally used for this purpose. Tt is
neceséary to ensure that, the holesg are drilled exactly normal to the down-
stream face of the existing dam. The diameter of these holesg is generally

kept about one and g half times the diameter of the anchor bars.

4.2.,3.6 Proper procedure to completely fill the annmular space around the
bar during grouting is necessary to make the length of the bar for the full
depth of the hole effective in offering resistance to its being pulled out.
The correct procedure in this respect is to fill the hole completely by
cement grout of as thick a consisteney as is possible to use, as a first
operation. This may be done by inserting a pipe in the hole right upto
its bottom and pouring cement grout through a fumnel into the pipe. The
pipe is gradually withdréwn as the hole filfs with the grout. After
filling the hole nearly upto its brim, the bar can then be gradually pushed
inside the hole to displace the excess grout. It is also neéessary that
all precautions agre taken to ensure that these bars once anchored are not
disturbed until the grout in the hole has attained its fingl strength. So
also every care needs to be taken to ensure that, the bars are not bent
until they get embedded in the néw_concrete. The bars are preferably

givén a coating of cement slurry just before inserting or embedding them.

4,2.3.7 The shuttering arrangement needs to be made to suit the spacing

of the dowel bars. From this point of view, a 1.5 metre (5') vertical
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spacing of these anchor bars alongwith the adoption of 1.5 metre (5%)

thickness of 1ifts of new concrete is very convenient.

4.3 Grouting Arrangement

4,3.,1 This is necessary to grout any shrinkage gaps which may form
due to separation of gap concrete from the downstream face of the existing
dam and the underside of the new concrete section. The'grouting system 1i¢

therefore generally provided on both the faces of the slot.

4.3.2 Tt is, however, felt that, as the d ownstream slope of the
~existing dam seetion ig generally flatter than 0.7:1, the slot concrete
resting on it should not have g tendency to shrink away from this face.
Hence it is felt that, the provision of costly grouting system on the
doynstream face of the old work need not be considered as obligatory.
It 1g however generglly provided for fi;ling possible voids at the
junction between the slot conerete & the downstream face of the old
section, in case they exist due to reasons of inadequate vibration of

concrete neagr the contaet surface.

4,3,3 The system generally consists of black stesl pipes of 2.5 ems
(1 inch) internal diameter placed on the surface of a monolith horizonta-
11y and spaced vertically at suitable intervélé. These are fed through
a supply pipe of about 3.15 ems (1% inch) diameter placed on the surface
of the monolith near and parallel to one of its contraction joints and
along its downstream slope. A return pipe of the same size is placed
near the other contraction joint of the same monolith. Please refer
figure 4.2 in this conneqtion. - On the horizohtal grouting pipes, grout
outlets (also called grout buttons) are provided at suitable intervals to

allow the grout to escape out and permeate into the'shrinkage gap. The
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grout outlets are nothing but cirecular boxes of about 10 ems diameter
and 5 ems height made out of galvanised iron sheet with two pipe conne=

ctions on either side as shown in the following sketchs

BOX —
~ PIPE — -

SECTIGN A-A

GROUT~BUTTON

4.3.4 The portion of the roughened surface over which these buttons
are to be placed is plastered with a thin coéting of cement mortar to
prepare a surface on which the sides of the box can rest properly. The
surface of the box which is tbﬂrest on this mortar seating is applied
with grease to prevent cement mortar entering inside and blocking the

Passages for the'escape of grout at the time of grouting.

4.3.5 It is necessary to exerdse care at the time of vibration
during conereting near these grout outlets to ensure that they are not
disturbed once kept in placej otherwise the very purpose of their pro-
Vvision will be defeated. '

44346, In addition to the grout buttons on the plane surface of the

interfaceé, it is necessary to provide grout buttons inside the shear

keys also.

4,3.7 Grouting is under-taken after the completion of shrinkage of
the gap concrete. Grouting at low reservoir stages is preferable.

Grouting presgsures used are of the order 1 to 2 kg/cmz. Large pressures
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will have bthe tendency to cause separation at the joint.

& 4.3.8 In the case of Burrinjuck dam in Australia, an analysis of
the amount of the cement injected at the two interfaces showed that, if
all cement was used in filling the shrinkage space, a total shrinkage of
the 0.6 metre thick gap concrete would average: to about 0.5 mm (32). A4s
this concrete was, however, placed by pumping and pneumatic vibration,
probably all voids near the interfaces were nbt filled and so some
cement may have been used in filling these voids. The time of grouting
at different elevations was related to lake levels on the same lines as

is done for the placement of the gap concrete.

4,4 Use of Adhegives

444.1 To inerease the strength of bond at the joint, adhesives in the
form of resins such as for instance epoxy resin can be applied on the
roughened surface at the time of placing new concrete in the ggp. This

resin after hardening becomes even stronger than concrete.

4,4,2 However these resins are extremely costly to use in large
quantities as in the pregent case under econsideration. Also short se-
tting time of these resins imposes a restriction on their use when

large surfaces have to be treated, as application to the old surface and
the subsequent operation of laying new concrete agalnst it will have

to be done within this period which is difficult indeed. Also the

long term effects of introducing a foreign material such as epox¥ resin
inside concrete ig also not yet fully known. Epoxy adhesive is reported
to have been used for obtaining a good bond at the junction plane while
strengthening é concrete gravity dam of Hauser development in U:S.A. in

the year 1969-70 (48).
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4,5 Method of Gap Filling

4,5,1 We have peen eérlier that, an air gap is kept between the old
dam and the new section initlally. The width of this gap or slot may
vary from 15 cms to about 1.2 metres depending upon the method of constru-
~ction adoptea for'supporting the new section., Thus when the new section
is supported either on anchors embedded in the body of the old work or on
ribs resting on the downstream face of the existing section, the gap or
slot is generally of 90 cms. to 120 ems (3 ft. to 4 ft.) width. When

precast slabg are used, the slot width is about 7.5 ems to 20 ems (3" to
gny, |

4,5.2 When the gap or slot is of 15 cms width, as when precést slabs
are used, the slot is filled with pre-packed concrete. However when

it is of 90 ems to 120 ems width, normal concrete is generally used for
itsd filling. This gap is filled when the new concrete addition

attains stable temperature conditions.

4,83 The placement of gap concrete is done at appropriate reservoir
eleVationv(Refer'para 3.2.5). It is also necessary to control the
temperature of the gap concrete. This gap concrete will be best used

if it is made to act like a tight plug. The idea is to control its
placement temperature as well as its temperature rise to such an e xtent
that 1ts maximum temperature reached during the setting process shall be
less then the temperature of the concrete in the old dam as well as that
of concrete in the new section surrounding it.  Such a temperature
condition shall make the gap concrete expand further and remaln in that
state, devoid of any tendency to shrink, thus butting tightly aBainst
the surfaces on either side. In such a case, grouting will also not be
needed. Such an ideal control will of course not ke always Dossible and
that too at all sites, as climatic conditions will be one of the important

faetors involved.
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4.5.4 Placement of gap concrete through a 1argé height in a slot
which is 90 cms to 120cms wide with reimforcement across it presents
problems of restricted working space and seggregation. The concrete
is normally chuted down through a system of telescopic pipes loosely

connected to one another as indicated in the following sketch @

1]

' I

<HOMRER (SUPPORTING
FERAME NOT SHONN

TELESCOPIC
PIRES MUMNG
ONE FROM AMOTHER,

ELEPHART TRUNK FOK
POURING CONCRETE,

When the width of the slot is less than 0.9 metre or so, the above metho
probably becomes difficult to use. In such a case, if concrete alone

is désired to be used, pumping the concrete into the gap may have to

be resorted to as g;;a done in the case of Burrinjuek dam in Australia.
4.5.5 It is not convenient to use mass concrete for the slot por-
tion @ue to this system of placement. The larger particles in the

case of mass concrete may block the tapering end portions of The

pipes and create difficulty in continuous placement. So also the
advantages in the use of low slump concrete having big size aggregates
cannot be availed of in this locd tion as the concrete will have to be
nece ssarily of much more fluid congisteney to enable it to flow down
ghe series of pipes without sticking. Also working of concrete in

the restricted space is much better with concrete having lesser

makimum size of aggregate. Concrete with 80 mm as the maximum size

of coarse aggregate is therefore preferred for gap-filling.
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4,5§,6 While conereting in the restricted space in the slot, care is
necessary to gee that the corners in the shears-keys are properly filled.
So also the embedded parts such as grout buttons, reinforcement, embedded
instruments must not be disturbed in fhe vibration operations carried out
to consolidate the concrete. This operation is thus very diffieult and'

thereforé has to be done with due care.

4.5,7 Temperature control of the slot conecrete is particularly important
especially as regards its placement temperature, as it has no free face to
radiate out the liberated heat. The lower the placement temperature, the
lower is the maximum temperature regched and hence lower is the temperature
drop to the final stable temperature during cooling. In case of cooling of
slot concrete, there is much less likelihood of stegp'temperature gradients
up in it due to the absence of effectively large free cooling surfaces in
contact with the relatively much cooler atmosphere. The main loss of

héat is by conduction to the surrounding concretes and as the thickness of
the slot is just about a metre or so, steep & differential temperature
gradients will not exist within the mass. 8o cracking at the joint on account
of steep temperaturé gradient is not possible. Oracking is thus only
possible due to large temperature drop in cooling, which can be avoided by
properly controlling the placing temperature and if necessary by post cooQ
ling methods. |

4.5.8 Pre-packed concrete for slot filling :

4,5.8.1 Pre-packed concrete was used in the case of Asswan dam in Egypt(11)

and Mullardoch dam in Scotland (21) for filling the gap.

It involves placement of either grawel or crushed aggregate in
the slot which is later on grouted by pumping cement grout into its voids.
One of the main advantages in case of such concrete is appreciable reduction
in drying shrinkage. This is because the gggregate particles are in

mutual ¢ ontaet before grouting and remain so afterwards. Whatever
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tendency to shrink is there in the grout, the same is resisted by

compression between the particles of aggregate and therefore there ig
little drying shrinkage of the whole masse As per J.Waddell(43) the
drying shrinkage may thus be reduced to the extent of 50% to 60% when

compared to that of the ordinary concrete. This is an advantage.

4.5¢8.2 The size of the coarse aggregate to be used for filling of the
slot depends upon the width of the slot. Generally the maximum size can
be as large as is convenient to handle, provided that it does not exceed
one fourth of the width of the slot. The minimum size may not be smaller
than 12 mm which is used when the slot width is less than 305 mm or 18 mm
when the slot width is larger than 305 wms.

In case of Mullardoch dam in Scotland, the aggregate was
graded from 87 mm to 62 mm, the width of the slot being 0.90 metre, In
the case of an alternative of prepacked concrete Joint considered for the
strengthening of Koyna dam (50), the size of aggregate considered was
10 mms to 18 mms for 75 mm width of slot and 10 =m to 40 mm for 150 =m
width bf slot.

- 4,5.8.3 The aggrégate can be placed in the slot simultaneously as the
new backing is independently being rsised. Extreme care is'necessary

in such a case to prevent any outside material, dirt, dust ete. falling
into this filling and getting mixed with it. In addition, the cement
slurry from the backing concrete must not e allowed t5 flow inside this
material.  The gap therefore needs to be kept fully and properly covered
after placement of gravel or crushed —metal inside it. This.procedure

was followed in the case of Asswan danm.

4.,5,8,4 If the aggregate is not filled in the slot simultaneously with
the raising of the new section, its placement at a later date presents
problems. This procedure is of course not possible when precast slabs

are used to serve as formwork for the upstream face of the new section.
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In the case of Mullardoch dam, where the new seetion was supported on
ribs resting on the old-seetion and filling of the gap by aggregate was
attempted later, it was feared that, the stones if let hurtling down thel
whole depth of the slot may get shattered and may form pockets of dust
in the aggregate mass making proper penetration by the gréutvdifficult.
The method then adopted was to pour the grout into skips containing

the aggregate and tip the mixture into the slot through elephant trunking
(21). The mixture, when it arrived at the bottom was spread and
compacted by hand. The grout used was so thin that it did not prewent
direct contact between the aggregate particles and thus although the
‘usual method for pre-packed concreting was not followed, it is claimed
that the advantage of reduced shrinkage was still not lost . The thin

gfout, in addition, improved the compaction of the aggregate by acting
as a lubricant. This method, although it was a forced solution to the
problem, also facilitated eontrol of the moisture.content of the aggre-
gate before adding grout. The grout consisted of 1 part of cement to

3 parts of sand with a water cement ratio of 0.90. The rate of filling
was limited to 1 metre/hour to avoid hydrostatic pressure acting on the

downstreamm mass.

4.5.,3.5 In the case of Asswan dam, 68 mm dia. galvanized wrought iron
pipes were kept in position when the slot was filled with aggregate.
These pipes were placed along the downstream slope of the old dam at

7 metres centre to centre. These were perforated with 20 mm ($")
diameter holes placed hit-and miss on the opposite sides of the pipe,
one hole being provided for every 23 cms(9") length of the pipe.

Mixing machines of lQm3 capacity each were used for supply of grout. The
grout was delivered from each mathine through three taps, to which was
attached flexible steel piping 50 mms in outside diameter. These flexi-

ble pipes were dropped down the embedded 68 mm diameter grout pipes
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to such a level that the grout had to flow from the end of the flexible
pipe, then through the holes in the main pipe into position without thus
falling down through any length of the 68 mm diameter pipe. The grouting
was carried out for g height of 7 to 8 metres‘at a time to prevent hydro-
static pressures oh'the new backing (13). However, some prefer
continuous grouting for the entire depth‘éf the slot in one stretch, as
in their opinion setting of the grout takes place generally in an hour

or so and hence it is not necessafy to take into account hydrostatic
pressure eoffeet (23). The grout proportion used in case of Asswan dam
was 1 part of water to 1.2 parts of cement by VOlume,.grouting being

done in the cold ‘season.

4,5.8.6. When precast slabs are used for supporting the new section,
grout stops consisting of 16 gauge galvanized iron plane sheets with a
'U' shaped kink are}provided to allow the grouting to be carried out in
vertical stages of about 7.5 metres. The end slabs in‘mbnoliths have
about 150 mm thick concrete sealing strips to confine the lateral spread
of the grout and to keep the contraction joints free of grout. Tell-
tale pipes are prdvided at intervals to indicate the travel of grout
vand also to serve as air-Vents. Grouting is done through a system of
25 mm or 40 mm. diameter conduit pipes perforated suitagiy along their
lengths. Before commeneing grouting of any particular stage, fresh
water should be circulated through the grouting system of pipes to
check that all passages of grout are free from chocking. The arrange-
ment which wasg proposed in.the case of strengthening of Koyna dam is

shown in figure 4.1,

4.5.8.,7 The grouting pressure generally used is of the order of
2 kgs/cmz. Grouting is done from the bottom of the stage upward s.

Some times an intrusion aid is used to increase fluidity of

the grout. Aluminium powder 1s also sometimes added to give some
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times addéd to give some expansive effect to the grout before setting,

4,6 Tempergture Control

4,6,1 As seen earlier, it is necessary tq keep the temperagture rise
in the concrete as low as possible to prevent eracking. So also as the
nevw backing is required to be joined with the 0ld section onk after
the former has attained stable temperature conditions, it is desirablé'toxxa
reduce this cooling period of the backing concrete as much as possible
to avoid idle periois. Without temperature control, this period will
depend upon the thickness of the backing concrete to be added. In'
case of Mullardoch dam in Scotland, the thickness of backing slab was
2,70 metres and thé backing slab was allowed 5 months to take up its
normal ghrinkage. '

In case of Asswan dam, the thickness of masonry added was
"about 6.1 metres (horizontally). The period of cooling allowed was
2 years. _

In-case of Mundaring weir, the thickness of the§backing
was 15.25 metres. The construction of the new section, which was.of
about 36 metres height, was planned in three sections for adequate
dissipation of heat. Thus raising of the bottom 8.55 metres was
followed by a bresk of 6 months; further raising by 21.4 metres height
was again followed by a break of gnother 6 months. 4 months' time
gap was allowed between the completion of the last portion of the
height and the commencement of slot filling (23).

Owing to the great importance of temperature control in the
construction of the strengthening work, a discussion of the various
measures adopted for temperature control will not be out of place.
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4,6,2 Problem of cracking associated with heat generation can be
considered to be two fold (when mass concrete is used for backing) -
(1) Thermal cracking results when there exists a large
difference in temperature between conerete at the surfaces and that
In the interior of the mass ® concrete due to differential cooling.
(1i) During cooling to final stable tewperatures, the
decrease in size may cause cracking if the mass is regtrained from
change in volume due to restraint offered by}the ad jacent concrete or

rock foundation.

T

Thus temperature control is necessary to prevent concrete
from undergoing drop of temperature greater than that which it ean

withstand withoat cracking.

The only solution is to restrict its maximum temperature,

This can be done by resorting to the following measures =

a) Proper design of the concrete mix,

b) Selection of cement or other cementitious materials, .

¢c) Precooling of concrete ingradients, _

d) Control of the 1ift thiclkness and time interval
between 1ifts,

and e) Post cooling.

4,6,2.1 Proper design of thg conerete wix

As heat generated in setting is proportional to the guanti-
ty of cement per unit guantity of concrete, proportioning of =ix may
be done so as to keep down requirement of cement to the minimum. Parti-

cular care needs to be taken in respect of the following -

i) Use of the largest practicable aggregate size reduces

cement content. Problems of handling and mixing however may limit



the maximum size which can be used.

i1) The mass ooncrete shall always be alr-entrained. This
reduces requirement of water for producing the degired workability
without affecting the other desirable properties of concrete. This
in furn reduces cement content. Use of entrained air can reduce the
cement content by 25 kg/ m® in case of mass concrete. Temperature
rise in conecrete gets raduced by about 204 as a result. Air content

generally prefered is 3% to 4% (41,42).

1i1) Consistency : Adoption of as stiff a consistency as
possible results in low water content thus reducing cement content. The
stiffer the consistency used, the better should be the control on

aggregate gradwation and accuracy of batching to obtain uniform Quality

concrete,

4e6.2.2 Selection of Cement

This is however many timés not possible due to non availabi-
lity, high cost etec. In such a case it is better to determine the
adiabatic temperature rise of cement received from different factories
and use the one giving the least rise. Some specifications in ecase
of American dams require thal, the cumulative heat of hydration shall
not exceed 65 calories/gm @ 7 days and 80 calories/gm @ 28 days (Pine
Cangon dam in California).

Use of pozzolans :

These can be used in mass concrete for achieving economy,
decrease in heat generation (although slight), improved workability and
reduced permeability.‘ Fly ash (a fine ash which results from burding
powdered coal in power plants), and natural materials like opaline cherts
and shales, diatomaceous earth, tuffs, wolecanlc ashes, pumicites serve

as pozzolans. Most of these require calcining to be effective.

These when effective can be used to replace upto 35% of cement
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content in mass conecretes. They should comply with specifications
given in IS 3812-1966 (Part I) when use of fly ash as pozzolana is
desired & IS 1344-1959 when use of burnt -clay is to be made. Chief
difficulties in their use can be high mixing water requirement hhen
natural materials are used and high carbon content when fly ash is used.
The latter increases the requirement of air entraining agent and makes
control of ailr content difficult. Pozzolans react with lime formed
during hydration of cement to form strong hydration products (42). Low
early strength results but their use means economy and reduttion in

early heat generation potential.

4.6.2.3 Precooling of Conerete in"grajients

Maximum temperature attained by mass concrete depends on the

following
(i) Initial placing temperature,
(ii) Adiabatic temperature rise potential of cement used,

and (1ii) Heat gained or lost from concrete during the period of

hydration.

Control of maximum temperature through control of initial
placing temperature of conecrete will be discusséd in this paragraph.
Control of initial placing temperature of concrete can be d one by cooling
the ingradients of concrete before mixing. Coarse aggregate occurres in
the largest quantity in a concrete mix, while water has the highest spe-
cific heat among all the components of concrete. These two ingradients
at the same time are also amenable to precooling.

Generally cooling of coarse aggregates is a costly process and

difficult due to low specific heat of stone. Cooling of water is better

as its chilling can be conventéntly achieved by conventional refrigera-

tion methods or by use of ice.
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In grid climates, sprinkling of storage piles can be done

to augment other cooling methods.

It can be said that on an average, concrete can withstand a
sudden drop in temperature of about 20°F and a gradual drop of about
40°F to 60°F. Temperature control is concerned with obtaining a

gradual drop when the total drop exeeeds 20°F,

If by precooling, temperature drop could be satisfactionaly
controlled by restricting the peak temperature reached after hydration,

post ecooling which is costly is not needed.

4.6.2.4 Transfer of heat from concrete during the period of cement
hydration which governs the maximum temperature attained by concrete
after placement, can be considered under the following heads :

a) Lift thickness,

b) Time interval between lifts,

and  ¢) Post cooling.

(a) Lift thickness:

This is determined from economic znd techniecal onsiderations.
Thus reduction of thickness means inereased expenses on lift-joink-
élééﬁing} When concrete is not precooled below ambient temperature,
thinner 1ifts are preferred as it helps to reduce the pegk temperature
due to radiation of heat from their top sﬁrfaces to the atmosphere. On
the contrary, when concrete is precooled thicker lifts are preferable
from economic as well as technical considerations as the thicker the
1lift, smaller is the awerage rise in temperature attributable to heat
inflow from the surface. In case of uncooled concrete, 1.5 metre is
the maximum lift thickness that is used. In this case,'maxiﬁum

temperature is reached in 3 days after placement. Inerease of thickness
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beyond 1.5 metres makes 1t necessary to move concreté by Vibration for
an excessive distance at the bottom of the forms for the downstream face
Practical upper limit can be regarded as 2.25 metres. Even when post
cooling is used, 1lift thickness above 1.5 metres is likely to give

rise to non-uniform temperature distribution within the concrete mass.

Thus 1.5 metres thick 1lifts are preferred for uncooled
concrefe or concrete containing cooling ﬁipes, while 2.25 metres
thickness of 1lifts is preferred for precooled concrete withaeut post
cooling. Figure 4.3 shows the effeect of 1ift thickness on tempera-
ture rise within them.  Special care, while placing concrete on
irregular foundation and horizontal joints exposed for few weeks, is
necessary. In such cases, the first two lifts of concrete are
generally laid of 0.75 metre thickness with at least 5 days interval

in between.

(b) Time Interval between lifts :

For precooled conerete, delay between placement of éucce-
ésive 1ifts is not preferable. It is desirable to cover it as
quickly as possible by cool concrete. However with use of uncooled
conerete, it is neceésafy to walt for certain period which may vary
from 3 to 5 days,that is allowing 2 days cooling after maximum
temperature is reached, | |

Excessively long exposures of concrete lifts are avoided
to prevent too rapid a cooling and résultant possible cracking., Lifts
are therefore covered preferably within 10 days. | |

Thus the temperature of placement can be calcg}ated'to be
that which will not produce a peak temperature exceeding the final
stable temperature beyond an alIOWable margin after taking into account

the temperature raise due to the combined effect of heat generation



by cement hydration and heat gain or less to the atmosphere and the
surrounding concrete or rock in céntact. In the calculations of
gain or loss of heat, heat flow in the vertical direction only is
generally considered for gimplicity. |
Such calculations can be made for different sets of
conditions. Some typical results.as given by Mr.Robert Philleo are
given in figure 4.3. The bottom most graph in this figure demon-
strates that the peak temperature may be obtained in a given lift
when that 1ift is the top exposed 1ift or after it is covered
depending on the heat producing potential of the cement. InAcase
of low heat cements, the heat development in the early days is less,

which explains the curve for low heat cement in this figure.

(e) Post cooling of concrete :

This is especially important when the thickness of the new
section added for strengthening is so large as to result in inadequazey
of precooling measuTes. '

The chief advantage of pipe cooling is its flexibility.

CGooling can be done to the desired extent, whereas with precooling this

1s not possible. Proper control of the system enableg uniformity of
temperature throughout the mass, thus minimising stresses developed during
cooling. However if precooling alone is considered adequate, it is |
certainly more economical as compared to post cooling. Improper control
of system may give rise to too rapid cooling causing cracking. Too

rapid cooling, if done during early age of concrete may cause retardation
of hydration of cement. k In early ages,‘heat generation normally

exdeeds hegt extraétion by pipe cooling unless impractical pipe spacing

iS 'lISed.



Degign of Pipe Cooling System :

For this purpose the following must be known :-
i) Peak concrete temperature,
i1) Thermal diffusivity of concrete,
111) Desired stable temperatute,
and  iv) Cooling period.
The following factors are determined :-
i) Pipe diameﬁer, |
ii) Pipe spacing,
11i) Lehgth of each pipe ecoil.
iv) Water temperature.

v) Rate of flow through pipe.

1) Pipe diameter:

Its selection is generally the one which most economically
passes the required flow of water through known length of the coil.
Smaller diameter ﬁeans'lessef cost but greater pumping costs due to
higher friction losses. Generally pipes of 25 mm external diameter
are used,

Pipe diameter, however, hag relatively little effect on
cooling rate. Thus the effect of varying pipe diameter varies as the
logarithm of the ratio of pipe spacipg to pipe diametef.

ii) Pipe spacing :

Vertical spacing depends upon lift thickness. So horizontal
spacing can be varied to obtain'cooling within specified period. Hori-
zontal spacing varies from 0.6 metre to 1.8 metres.

iii) Water temperatures:

Use of deep seated reservoir water can be economical as

compared to the use of refrigerated water, when the former is available

all the year round and its use can result in achieving cooling in the



desired period.

iv) Rate of flow through pipe: .

With refpigerated system the rate of flow is generally 4 g.p.m.
or less. At higher flows, the increased cooling rate is not commensurate
with increased pumping and refrigeration costs. When river water is
used, flow rates as high as 15 gpm are used.

In case of Glen Ganyon dam, water at 45%F was circulated
through pipes during the period between 12 days to 8 30 days after place=

ment. In the next month water at 35°F temperature was used.,

v) Length of pipe coil

Since water gets warmed as it moves through the pipe, cooling
is not uniform along the pipe length. Thus use of long lengths of pipe
coils results in large difference between the mean temperature of
concrete and the temperature in the vicinity of the outlet of the pipe
coil, One method to avoid this is to provide interconnection between
inlét and outlet headers to enable reversal of flow direstion in the /
pipes. This also eventually helps to prevent clogging. The lengths
of coils are therefore.limited from thermal and hydraulic considerations
to about 245 metres (800 feet), although lengths exceeding 400 metres
have been used.

vi) Cooling period

Cooling operations should preferably be over before the
conerete passes from plastic to the elastic state, In other words,
volume changes in concrete due to cooling should be preferably complete
before it looses its plasticity in which case it will not cause any

damage as it will not induce any stresses.
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In post~-cooling, it has been experimentally confirmed
that, the stress in concrete is relatively small in relation to the
temperature change as the mass conerete is in a plastic state in its
early age. On this basis, duration of cooling.can be decided upon
to restrict the tensiles stresses (which appear in the concrete at
the transition period of changing from plastie to elastic state)
below permissible limits, Such consideration will however be more
imbortant vhen the new concrete 1s belng placed d irectly against the
0ld gsection. Thus in case of Odowmari dam, this period was assumed
as 28 days (20).

The cooling period in other cases will depend upon economic
considerations. |

Figures 4.4, 4.5, & 4.6 as given by Mr;Clarence Rawhouser
are useful in the design of pipe cooling system. Interrelationship
of various factors is considered in the curves given in these
figures. These curves are applicable to 25 mm outer diameter tubing
with a vertical pipe spacing of 1.5 metres.

In framing these curves it is assumed that, no significant
amount of heat is being added to the‘concrete by hydration during the
period under consideration. If the concrete is gaining heat or
inflow water temperatﬁre is not constant, these curves can be used in
a step-wise computation. Mr. Rawhouser in his paper 'Cracking and
temperature control of mass conerete' published in Journal of A.C. 1.,

February 1945 has given the details of these computations.

vii) Following precautions are nécessary when pipe cooling

is used.
{) The pipes should be tested under static pressure to

check for leaks.

2) Pumping may be done at design flow rate to check

how friction losses compare with those calculated. HigheT
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losses indicate partial stoppage in the coll, which needs

location gnd removal before embeddement.

3) Pipes are filled with grout after completion of

cooling.

Embeddement of thermometers in the body of the backing at
suitable locations is necessary to know the actual conditions of
temperature within the mass. Comparison of this actual data with the

estimated figures is then possible.

4,7 Dralnage at contact joint

Drainage system is installed on the d ownstream face of the
old section to take care of the water that may seep through cracks in
the old section or through the joint iIn case it eracks. This thus
helps to relieve uplift pressures which might develop at the joint in
case of the above eventualities. .

A typical layout, which was provided in the case of'strength-
ening of Mundaring Weir is given in figure no.4.7 (23). Figure 4.8
gives details of drainage layout adopted in strengthening of a gravity
dam of Hauser Development in America (48). Important features in case
of Mundafing Weir are briefly explained below.

a) Galleries :

An upper gallery of size 1.15 mx2.1 m intersecting the
junction between the two concretes is provided to piek up any water
passing the horizontal seal across top of the dam.

A lower gallery of size 0.9 mx2m is provmiéd in new camecrete.
It is laid to follow the natural valley slope. However in the lower

part of the valley, it has been kept above the stilling pool level.
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b) Vertical Drains:

‘ These extend from the upper to the lower gallery along the
downstream face of the old wall, their spacing being 1.9 m (6' 3") c/c.
These are semi circular precast concrete pipes of 300 mm diameter. They
are made to rest on prepared mortar bedding on the face of the old wall.

It is necessary to make the joints in these pipes grout-tight.

¢) Horizontal draing

Mortar bedding below ribs near contraction joints, on which
the new section 1s supported, is likely to seal the contraction joints.
To collect seepage from the contraction joints 100 mm dismeter semi-
circular pipes are provided horizontally at 1.8 m vertical spacing
feéding into both the adjacent verticsl drains. Thus two vertical drains
serve each contraction joint for drainage.

d) Toe drain :

Toe drain of 0.8 metre square is provided at the downstream
toe of the old wall. It is provided throughout the length of the old
wall, Water in it is.carried into the lower gallery thraigh three
225 mm diameter relief drains.

Holes, 3 metres deep and 1.8 m c¢/c,have been provided deep

into the foundation from the toe draln to provide relief from uplift.

e) Qutlet drains :

450 mm diameter concrete pipes are provided connecting the
lower gallery with the stilling ppol for drainage. These outlets are
provided with reflux gates to prevent backflow.

f) Horizontal Water Seal

This has been provided out of 450 mm high, 22 gauge Copper

Plate interposed between the existing wall and the new concrete. It
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extends across the top of the dam and provides a water barrier at the
joint between the existing section and the new section to be added gbove.
A groove has been cut in the o0ld concrete, geal placed in it and the groove

backfilled with special dry mortar mix well rammed in place.

4,8 It will thus be seen that, the strengthening operations

require much more care in execution as compared to the construction of

“a new dam. Peculiar construction features difficult'ofeffective
ineorporation have to be provided, special nature of whieh results in

an expensive construction. | Tﬁese expenses and safety of the structure

on completion of its execution demand that, the construction Engineer
carries out his work faithfully and with utmost care keeping in mind

| the necessity of realising. the basic assumptions and considerations involved

in the design of the entire structure assumed to act as one unit.
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CHAPTER V
DETAILED STUDY OF STRENGTHENING

OF KOYNA DAM IN MAHARASHTRA STATE




CHAPTER V

Detailed study of strengthening of Koyna Dam in Msharashtra.State

5.1 General

5.1.1 Koyna d am, the first rubble éoncrete dam constructed in India,
is a gravity structure built across the Koyna river in the State of
Maharashtra at an elevation of 580 metres (2000 ft) above the sea level.
It is at a distance of 190 kms. South-South East of Bombay and is
situated on the eastern side-. of the continental divide which lies within

60 kms of the west coast of India.

5.1.2 The Decéan Plateu on which the Koyna dam is situated had been
held all along as anaselsmic Zone. However the seismic activity which
assumed sudden & unexpectedly serious proportions in the year 1967 proved
otherwise. & severe earthquake of magnitude 6.5«7 on Richter Scale shook
the region on 11th Dec. 1967. It caused wide-spread destruction in
Koyna nagar Colony and its Surroundings, and also damaged the Koyna dam.
Igs epicentre was at 3 kms downstream of the dam, and its effect was

felt upto a radius of 600 kms from the epicentre.
3

5.1.3 A committee of Indian experts consisting of engineers,
géologists and seismologists was appointed by the Govermment of India
foﬁ investigation of the causes of this seismic acetivity. UNESCO experts
"wéré also associated in this study.

5.1 .4 From various observations, analysis of available data and
“different superficial expressions in this region, it has been concluded

that, the tremors were due to the presence of an almost vertical deep

seated fault in the North-South direction but concealed under the pile

of basaltie layers. The comittee of experts, ruled out the possibility
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held by some that, the earthquake might have been caused due to
imbalance caused from percolation of water in the reservoir ereated

behind the dam into the rock below.

5.2 Damage caused by earthquake of 11th Dec.1967:

Koyna dam is a gravity strueture sub-divided into 53 mono-
liths = ° out of which central seven monoliths form the overflow
portion. Each monolith is 15 metres wide. The levels as mentioned
in the discussion are in feet units. ‘

The damage calised by this earthquake to the dam proper can
be categorised as follows :=-

i) Damage to appurtenant structures projecting from the
top of the dam.

11) Visible structural cracks on the face & inside of the

dame.

iii) Loesl spalling of conqrefe.
5.3 The cross section of the non-overflow portion may be called
as 'non standard'. It was originally intended to build a thinner
section of the dam for a lower storage level @ KRL 2135, and to raise
the height later by addihg concrete on the downstream side. During
construction, when the dam had actually been raised to some height in
the first stage, it wasxiecided to raise the height in a continuous
operation to the ultimate storage level at KRL 2158.50' without recourse
to its thickening on the downstream as far as possible. This was
effected by building a section much wider than usual above levelsKRL
2060 and 2065 by keeping the downstream slope very steep above these
levels in the non-overflow monoliths. .  Also comparatively extra free-

board was provided.

In this fashion, the technical difficulties in thickening

the dam section on the downstream sid e were avoided by adding the necessary
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extra weight in the top portion of the dam section by makihg it much
thicker than usual above KRL 2060, The comparison of the two sectiong
i.e. section if construction were attempted in two stages and the
section actually adopted for continuous construction in one'stroke
upto the final top of the dam, is given on figuere 5.2. The spillway
section was built with an overhang on the upstréam side. Fig.5.2 shows

the earlier planned section as well as the wodified section.

S5e4 The reasons for prominent cracking hear KRL 2060 gnd for
possibility of cracking at other elevations were iﬁvestigated by
theoretical analysis, dynamie photoelastic tests and fracture tests
on plaster of paris models. These studies showed that, during the
earthquake, large tensile stresses developed near the neck of high
monoliths at KRL 2060 giving rise to éracks in this region which
later extended due to repeated violent vibrations of the upper parts
of these “ﬁonoliths above the neck. It is possible that cracks may
have penetwmted deep into the body of the dam. The dynamie stresses
induced on either faces of one of the high monoliths as.estimated are

shown in figure no.5.2.

S5 The section of the dam was designed to withstand horizontal
foree due to earthquake corresponding to 5% of acceleration due to
gravity under lake full condition small tension being considered
allowable. Under other loading conditions no tension was allowed.
However during the earthquake of 1lth Dec.1967, the dam was subjected
to an earthquake force equivalent to ten times of that allowed for
in the above design. The analysis wasdone on the basis of accelero-
graph record obtained from the instrument located in monolith 1-A

at the time of the earthquake. ‘



5.6 Immediate repair works 4 1:35

5.6.1 Considering the importance of the structure gnd the poséi-
bility of occurrence of earthquake shOcks of the same severity as
that of the ones already experienced and the damage already céﬁsed,
the dam necessitated immediate repairs. However, as the permanent
repair work would require a cbuple of years for its execution, some
temporary but quick‘repair§ were considered necessary for strength-
ening the structure to withstand shocks which may occur until the
permanent strengthening works were completed.

Taking into account the possibility of recurrence of an
earthquake of magnitude & intensity thelsame as that of 11lth December
1967, which was the largest earthquake recorded in the area with epi-
centre eclose to the dam, it was considered necessary to design the
megsures for permanent strengthening capable of resisting the forces

occuring during an earthquake of the same magnitude.

5.6,2 The temporary measures undertaken for repairs were the
following :

1) Epoxy Grouting:

Eﬁbxy grouting of cracks on either faces of the affected
monoliths was resorted to. This helped sealing of cracks on the
upstream and the downstream faces of the dam upto a depth of 3 metres

or so. Entry of water through these into the body of the dam was

thus prevented. This epoxy grouting which was done with all necessary
care, helped also to bind effectively the concretes on either side of
the cracks together in zones of the dam where stresses of high magni-
tude ocecur during an earthquake. Thus it served to make these eritical-
zones as strong as they were before formation of the cracks. The
sbrength of hardened epoxy and its bond with the concrete were tested

by testing actual corss obtained by drilling across the epoxy filled

eracks.
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Before using epoxy resigns for grouting the cracks, extensive
experimental investigation is necessary to determine the properties of xm
various combingtions of epoxies, hardners and diluenté such as setting
time, viscosity, bond strength etc. Wel conditions in the region of
grouting can result in drastic reduction in the mechanical properties
of the epoxies and their setting times. The selesction of epox& resi’n
and hardner as well as their combination depends upon the}condition of
the cracks to be grouted i.e. whether wet or dry. It has been
observed that epoxies can not penetrate very fine cracks for which

other materials have to be used.

As an additiongl precaution. to prevent entry of wéter into
the body of the dam, the grouted cracks on the upstream face were
co#ered sufficient margin above and below by gunite lining. This also
took care of fine eracks which might not have been visible to the
naked eye but present in the viecinity of noticeable larger cracks which
were grouted. S0 also the possibility of imperfect grouting was taken
care of.,

The grouting operation was a difficult one and involved a
race against time. It was done from catwalks erected cantilevering
from the face of the dam. Bargeswere used to carry materials and
equipment while grouting on the upstream face.

ii) Prestregsed Cabling
This'was snother measure which was undertaken to fasten the
portions of the dam above and below the prominent level of cracking

i.e. KRL 2060, ‘ This operation was thus intended to increase compre-

ssion in the zone of cracks and thereby supplement the improved
mechanised bending achieved through epoxy-grouting of the cracks in
this gone » In addition, fine cracks which may be present but which

may have gone undetected and ungrouted would also close due to this

compression.



Anchoring of the cables was done in the body of the dam
itself. Anchoring region of the cables was adequately staggered
to avoid concentration of stresses in the limited region of the dam.
The lower ends of the cables were anchored in the'zone of the dam which
has compressive stresses even under earthquake condition. For tentg-
tive repalir work, equivalent static seismic coefficients of Kn=0.2 and
Kv = 0.1 were considered for stress analysis. At KRL 2060, tensile
stress of 32 t/m2 was expected on the downstream face with lake level
at KRL 2000 and earth quake from downstream to upstream, while tensile
stress of 421%/m2 was expected on the upstream face with lake level at
KRL 2135 and egrthquake force acting from upstream to downstream. The
prestre§sing done was expected to produce compressive stresses of 20 t/m2
and 1t/m2 on the upstream and the downstregm face respectively at
KRL 2060, Thus prestressing was effeetive in redueing tensile stre-

sses especiazlly on the upstream face during earthquake.

The cables were made out of 8 mm diameter wires, 64 in number.
Load per cable was 270 tons. 1l.44 cms. diameter holes were drilled to

house these cables. 10 cables were provided per monolith.

5.6.3 Other measures immediately undertaken to improve stability were

as below :-
i) Drainage hodes of 75 mm diameterwere dfilled from top
of dam to the top of operation gallery and from floor of operation
gallery to the top of foundation gallery to relieve uplift pressure
inside thev dam. N
11) The drainage holes provided in the foundation of the dam
'from the foundation gallery were cleaned by brushes and Zum flushed with

water to enable them to act effieiently in the relief af uplift pre-

ssgures.
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5.7.1 As already mentioned, Koyna Dam is of the straight gravity
tvpe and has been built of rubble concrete., The spillway is located

in the central river portion and comprises monoliths 19 to 23 in full
and monoliths 18 and 24 in part. The spillway is gated with six

radial gates of gize 41'x25'. A stilling basin on the d ownstream

of the spillway provides for energy dissipation arrangement. Two
penstocks have been provided, one each in monoliths 13 and 14 for

supply of water to a power house proposed to be construcfed on the
downstream sidé. There are two galleries provided in the body of

the dam which are approachable ffom outside as well as from electrically

operated 1ift in M-18.

5.7.2 The Deccan traps. provide a massive aﬁd a strong foundation
for this structurg, which is ;03 m (338') high above the deepest
foundation level (KRL 1842)., The basalts in the foundation have a
compressive strength of 1000-1500 kg/em@,

The foundation of the dam in the river portion was required
to be taken down td keep it on massive basalt below 10 metres thick
weak formation consisting of tuff breccia. Thus monoliths 15 to 23
nave their foundation at KRL 1842. A shear zone cuts across the

foundation of the dam at 60° to its axis in plan in monoliths 12,13 & 14.

The foundation rises up fast to higher levels as one proceeds
from the centre towards the abutments.

After the eatastrophic earthqueke, core drilling done from
the foundation gallery showed that, the contact between ﬁhe foundation

rock and the concrete of the dam was undisturbed.



5743 Alternative Strengthening Meagures:
5.7.3.1 The various alternatives c onsidered for permanent strength-

ening of the non-overflow portion of this dam were the following -

1) Rock fill or earth fill backing,

1i) Full mass monolithic backing,

iii1) Full buttress monolithle backing,
& iv) Partly solid mass and partly buttress backing.

5.7.3.2 The first alternative was not preferred, gs it was felt that,
the earth pressure could not be relied upon for e ffectively countera-
cting the inertia foreces on the body of e dam due to phase difference
between the two systems while oscillating during earthquakes. Théoretical
analyslis as well as model tests in case of proposed strengthening of
Bhatgar dam in Maharashtrs State carried out later also show that sepera-
tion occurs between the dam and the earth backing at higher elevations
thus causing reduction in the stabilising earthpressure forces under
earthquake conditions. This being thus doubtful case, the proposal
Wwas rejected.

Provision of full mass throughout the height for the purpose
of strengthening was not favoured from considerations of d&namic beha- )
viour of thé dam=-section during an earthquake.Dynamic analysis shows
that, the -acceleration response of adan is highest at the top and
decreases towards the base. It therefore follows thatl, plafing a
bigger mass at a higher elevation in the strengthening section will
invite large overturning moﬁent due to a long lever arm about the
base of the dam, thus causing larger tensile stress qn its upstream
face. As the dam was to be strengthened mainly against the forces
coming into play during an easrthquake, this was an important consi-
deration in the design of the strengthening section. Hence the

alternative of provision of full mass throughout the height was not

favoured.
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The third &lternative would have involved a buttress about
30 m wide at the base. This would have resulted in extrs excavation,
foundation treatment and shuttering costs, and that is why this pro-
posal was not adopted.

The last proposal was considered most preferable as it
struck balance between the second and the third alternatives. It
involﬁed provision of a solid mass at lower elevations thus thick-
ening the whole monolith by about 21 metres with a buttress above it.
The thinness of the buttress at higher elevations was advantageous
from earthquake considerations. So also as the buttress had much

greater exposed surface area per unit volume of concrete placed in

comparison with the second proposal, cooling of concrete in the <
buttress was not expected to be necessary. Considering these
advantages this alternative was finally adopted. |

5.8 Final Strengthening Proposal

5.8.1 The strengthened section was designed on the basis of design

assumptions given later. The details of the strengthened section
differ for the cracked deep monoliths and ﬁncracked short monoliths.
These are given in figure 5.1. v

5.8.2 out of 53 monoliths, 37 monoliths, namely 1-i to 18 and

24 to 41 were proposed to be strengthened. The remaining non-overflow
monoliths near the gbutments are nearly fully embedded in ground on
either side and hence did not require any strengthening, -

Dynamié analysis indicates that, the dynamic stresses in the
overflow section are only about 60% of those developing in the non-over-
flow section at KRL 2060 & the base of the dam (40). In fact the
dynamic stresses on the upstream face of the ovérflow section are lesss

than those on the upstream facé of the non-overflow section at all
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elevations. The reasons for lower stresses in the overflow
section can be due to :-

(1) Lesser moments of the seismic force of inertia
on account of lesser height of the overflow section.

& (ii) A comparatively much thinner section at the top
where acceleration is the highest.

Thirdly there is no abrupt discontinuity in the profile of
the overflow section asexists in the profile of the non-overflow
section at KRL 2060. Such a discontinuity can cause high concentra-
tion of stresses which can give rise to cracking. This must have
been one of the main reassons fbr eracking of the nbn-overfloﬁ 'seetion

near XRL 2060.

5;8,3 The strengthening involved addition of a certain thickness
of mass concrete from the foundastion level of the existing section
upto KRL 1960 in cage of deep monoliths i.e. 9 to 18 énd 24 to 31 and
upto KRL 2000 in other monoliths against their ehtire width. From
these levels upto KRL 2165, buttresses of about 9 m width were con-
structed in the centre of the monoliths to provide them support. The
downstream slopes of the buttresses were made continuations of the
downstream slopes of the thick sections below KRLs 2000 or 1960, The
thickness of the addition was about 21 m in deep monolithks and about
7.5 m in short monoliths. The dynamic stresses that would develop
in the event of an earthquake of the same magnitude as the one on

11th Dec.1967 are shown (50) in figure 5.3.

5.8.4 The buttresses have a trapezoidal eross section in plan.
Wherever there is an appreciable difference in the slopes of the
downstream faée of the existing section amd the downstream face of
the buttress,their width on the downstream face has been varied for
keeping a eonstant flaring angle for the side ® faces when seen in

plan. Pleagse refer figure 5.1.
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The existing dam had been tested for a design seismic coe-

Je Ve WO NEEIL HSSWU T L AVILS

fficient of five percent of accelerstion due to gravity in the horizontal
direction. However during the tremors which rocked Koyna dam on several
occassions, the acceieration imparted.was much %ore than that assumed
as conld he gceen from accelerograph records. On the basis of earthquake
record obtained from seismic instruments located inside the dam, the

revised design was based on the following assumptions.

5.8.5.,1* TFor the design of the strengthening section, an attewpt has
been made to relate the value of the sei§Mic coefficient to be adopted
in the estimati5n of stresses with the criterion of allowable stress
condition in the dam. Thus a distinction has been made between thé
desion seiqmic coefficient & dynamic seismic coefficient., The former is
to be based on the factors such as seismicity of the region, coefficient
adopted'in the case of dams already congtrdcted in the known seismic
areas of India % other Countfieq which have not shown any signs of dis-
tregs, nearness of the site with respect to faults ete. Develobment

of tensile stress is not permissible when this coefficient is used in
estimation of the stresses in the dar. On these considerations, =% a

value of 0.12 was decided for the horizontszl design seismic coeffiecient.

Dynamic seismiec coefficlent is the one which when used in the
conventional method for the estimation of the stresses under the earth-
quake codition, gives stresses comparable with those estimated by the
dynamic analysis carried out for the strueture. If stresses are thqg.
evaluated, the dynamic strength of material will have to be taken int5
account. In case of Koyna dam, such an analysis in case of the earth-
quake of 11.12. '67 indicated that a horizontal dynamic seiswic coe-
fficient of 0.5 givés a stress condition similar to the one obtained by

carrying out the dvna~ic analysis for the ébserved ground motion.
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On the basis of these considerations, the following criteria

were evolved for the design :

I,

(1) Uneracked Monoliths :
Nesign seismic coefficient 'Kh' = 0.12 upstream to
Aownstream for reservoir full condition,
Kh -~ 0,06, downstream to upstream for reservoir
water level at KRL 2000!
No tension to be permitted.

(2) Cracked monoliths:
Kh = 0.20, upstream to downstream, lake full.
Kh = O.iO, downstream to upstream, lake level at KRL 2000
No tension to be permitted. i?

These loading conditions, we may term as the design conditions

The higher design seismic coefficients for the cracked
monoliths are to allow for the fact that, the concrete in cracked mono-
1ith™s is not considered able to develop the same ultimate tensile

strength in case of emergencies as can the concrete of uncracked monolit

1T,
Estimation of dynamic stresses also to be done using the

dynamic seismic coefficient.

Dynamic seismic coefficient : 0.50 uniform .
from the top of the dam upt«

(for inertia forces) KRL 2145'. The same tobe
linearly reduced to 0,10 at
KRL 1845'.

To calculate the increased forces due to water pressure
during the earthanake, the same values for 'Kk' as are given in 'I'

above for cracked and uncracked monoliths to be used.



The stress calculated on this basis should not

exceed a value of 30 kgs/em@ - k.e. tensile strength of concrete

This condition of loading has been termed as 'Checking

Condition' or Emergency Condition'.

5«8.5.2 As regards uplift pressures, for hqrizontal sections
below the level of the bottom of the buttress, full uplift is
assumed at the heel, reducing to 1/3 rd its value at the line of
drains, further reduring to zero a° the downstream toef of the
new backing. Fof horizontal sections at and above the level of
the bottom of the buttress, the nplift pressures are assumed
décreasing linearly from whatever value at the drains to zero

at the toe of the existing section.

5.,8.5.3 Modulus of elasticity has been assumed the same in the
0ld and the new concrete. Also modulus of elasticity of rock
under the foundation of the new backing has been assumed the same

as the modulus of elasticity of rock below the existing structure

Gravity analvsis has been used in calculation of
stresses.

5.8.6 Some galient festures of stresg egtimation:

These can bg mentioned as under @

i) While calculating the stresses in the dam, the
usual wmebthod of taking cantilever of unit thickness could not
be used. This was so because of the biattress additionnm
Thus the seetion in plan @ any elevation was obtained by teking
one foot thickness of the existing dam along with a buttress
section having its dimensions ( parallel to the length of the
dam) reducéd to 1/50th of its actual dimensions. The dimension
6f the buttress perpendicular to the length of the dam was

kept unchanged as shown below. This is justified as the moments ¢



__to—setfweight and the section modulus, which govern the strésses 1115
are directly proportional to the thicknegss of the slice being considered

for stress analysis by the conventional method.

SECTION IN PLAN USED IN CALCULATINH
QF STRESSES.

(i1) As would be evident from the previous chapter, the
reservoir level at the time of laying gap concrete has én important
effect on the stress distribution within the composite structure,

The final stresses are obtained by super-position of loéked up

stresges and the stresses due to the incremental loads. In determi;.
nation of locked—up stresées, some assumptions are involved. The
stress picture is also affected by the method of construction. The
manner in which these stresdes have been calculated in the present cése
is discussed below in detail. |

The'newbacking section when built separate from the existing
section leans towards the upstream side, the slope of its upstreanm
overhanging facevbeing 0.725 H:lv ih eracked monoliths. Therefore if
built in such unsupportea condition to unrestricted heights, tension
would have developed on the downstream face. The maximum unsupported

height without causing tension on the downstream face wés calculated as

9 metres at lower elevations. It was therefore necessary that by the
time the new section was raised by 9m, its bottom most 1lift should fully
shrink so as to enable placement of corresponding 1ift in the gap
portion., Only in this fashion, the work of concreting in a monolith

can be kept a continuous operation.



When such a plan of concreting is followed we can find
the state of stress w say @ the foundation level by considering the
foreces acting corresponding to lake water level just prior to the
placement of bottom-most 1lift of gap concreﬁe. While calculating
these stresses, question arises as to what portion of the weight of
the backing concrete affects. the stress distribution in the width of
the old section. This is a:matter of judgement as there is no direct
method of such evaulation. The calculations made in this case were

as followg:

~&
2
B

"a) The stress distribution on base BC is found unddr the
action Qf water pressure (depth ﬂh ), weight of the existing section
GHBCEFG and uplift forces.

b) The stress distribution on base AD is found die to weight
of the new backing seetion JCDK, JCDK is the mass which can be sepera-
tely constructed as shown without developing objectionable tensgile
stresses at the toe 'D!',

03 The stress diagram obtained in the above step (b) for the
portion AC 1s considered gs a load. The stregs distribution on base
BC is found due to this load.

d) The stress distributions on base Ec.obtaﬁned in steps (a) &
(¢) are superimposed to find locked up stresses. The stresses on the part

CD remain the mme as calculated in step (b).
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e) The gap concrete in the bottom most 1ift is now assumed
to be placed. Al so the backing for the full height is considered to
have been completed, including the gap filling. Water level is raised
to the final level. TUnder these conditions and with earthquake forces
acting, assuming monolithiec action, the stregses due to loads in excess
of those considered in the earlier steps are amlculated taking BD as one
base. |

f) The stress diagrams obtain>d on base BD in skeps (d) & (e)

are super-imposed to get the finagl stress picture at the level BD.

Stresses at any other legel can be calculated in g similar
manner. |

This method of caleculating stresses was however not sctually
used as it was thought of at a later date. The calculations done earlier

were on the following lines.

'
Ve o e ——

a) Stress distribution on base AD due to weight of section

JECDK was found.
b) The stress diagram obtained in the above step for thre

portion AC wags congidered as a load. Stress distribution on hase BC

was found due to this load.
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c¢) Stress distribution on bawe BC due to water pressure
(depth 'ph'), weight of existing section GHBCEJFG and uplift forces
was calculated.

d) The stress diagrams obtained‘in steps (b) and (e¢) were
super-imposed to find locked up stresses. The stresses on part CD
remained the same as calcukated in step (a).

e) The stresses on the full base BD were found due to
incremental loads comprising of inereased water pressure on account of
rise of water level upto F.R.L., inecrease in uplift & earthquake
forces. Hoﬁolithic action was considered.

f) The stress diagrams obtained on base”’ BD in steps (d) & (e)

were super-imposed to get the final stress picture at the level BD.

This second procedure although not accurafe was however found
to give results quite close to those which were obtained by the first
method and hence due to simplicity was adopted.,

| These methods of stress calculations thus involve an assu-
mption about the effect of the added mass on stresses in the old dam
portion. Considering the method of construction adopted, in which
anchor bars af mild steel have been provided on the downstream face
of the existing dam, transfer of part of the weight of the seperately
constructed backing to the existing section might be actually taking
plave through these anchor bars also. The provision of these anchors

was however not made on such considerations.

(1i1)The stresses on the upstream face of the dam were of interest,
as uncontrolled joining of the two coneretes irrespective of the reservoir
water level could cause undesirable tensile stresses on the upstream face.
Therefore for different reservoir elevations, stresses on the upstream
fade of the dam were calculatet §t several elevations. From these
computations, curves showing stresses on the upstream face at all eleva-

tions corresponding to different reservoir water levels at the time of
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bonding were plotted as shown in figure No.5,3.

From these curves it is evident that, the gap concrete can
be placed at any reservoir elevation below KR 2100, without causing
- tensile stresses on the upstream face at any elevation. It is also
seen that,as we proceed from the foundation level upwards, joining
concrete can be placed with reservoir water standing at successively

higher levels without causing tensile stress on the upstream face.

A table giving the maximum water levels permissible at the
time of joining of fhe new mass with the maind™am could be prepared
from these curves. Such a table was a useful.guideT}raming a

continuous construction schedule, as well as during construction control.

5.8.7 Tvpe of Contact Joint between the existing section and

the added mags
5.8.7.1 As already seen in chapter III, the joint between the two

concretes must be strong enough to be relied upon for transfer of
stresses from the old to the new section as in the case of a monolithte
MaSSe

Owing to the setting up of undesirably high shrinkage stre-
sses at the joint as well as tensile gtresses on the upstream face when
the new concrete is placed directly on the existing &am, the proposal

of placing new concrete directly on the existing section was not adopted,

5.8.7.2 Two alternatives were considered for forming this joint. The
first consisted of keeping mk a 7.5 cms to 15 cms wide gap packed with

peagravel of size 9 mm to 19 mm under precast concrete panels supporting
the new concrete and grouting the gravel under appropriate temperature
conditions in the new mass and under appropriate reservoir water level.

However laboratory and field experiments cofiducted to determine the
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shear strength of the grouted joint did not give encouraging results.

Therefore this proposal was not favoured.

5.8.7¢3 Secomd alternative of leaving a sufficiently wide gap

between the existing section and the new backing initially and

filling it with concrete when the new concrete completed its shrinkage.
after adequate cooling was considered as a better method from all
aspects. Tnis led to the provision of a 1.2 metre wk wide (hori-
zontally) gap between the two concretes, to be filled with precooled
concrete subsequently. This method had also the advantage of laying
concrete of nearly the same characteristics against the concrete of

the existing struecture.

5.8.8 Design of joint :

The design of the contact joint presented problems. Due to
the large height of the dam and the earthquake foreces to which it was
likely to be subjected, shearing and tensile stresses of appreciable
magnitude were expected to occur in the region of the joint. There fore

adequate provision to resist these stresses had to be made.

5.8.8.1 The resistance acting at the joint of the old and the new
concrete due to various treatments eonsist of the followihng :
i) Resistance due to bond which consists of two parts -
a) Cohesion part of the bond between the two concrete
surfaces obtained by roughening and cleaning the existing dam surface,
and b) Frictional resistance part of the bond between the

two concrete surfaces which d&pends upon the normal stresses acting on

the jolnt and the angle of internal friction.
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1i) Shear resistance effered by shear key concrete provided
on the downstream face of the dam as well gs on the.upstream face of th
backing concreté. |
& 1iii) Shear resistance provided by anchor bars embedded adequa~

tely in the old as well as the new concrete sections.

The resistance which can be offered by each of these can be
estimateds However if the resistances offered by azll of them afe to
be added up, it is necessary that thdr estimated strengths come into
effect simultaneously. In other words, the stresses in all these
devices should reach their permissible limits at the same time. That
is to say, when the limit of 5.45 kg/eme (80 p.s.i.) for cohesion is
reached, the limit of 1700 kgs/c52(25000 p.s.i.) in steel should also
be reached. If such relationships could hold, all these resistances
could be depended upon for acting together in unision, assuring at the
same time a most economical design.

However the difference between the allowable shearing
stresses in reinforcing steel and.cohesion being too large, it is
expected that, they will not reach their permissible limits simulta-
neously. Similar is the case when shear strength of concrete in keys
is considered with reinforcing dowelﬁ as the modunlar ratioc for shear

between steel and conerete varies from4 to 12.

5.8.8.2 From field shear tests conducted on blocks of new concrete
cast on roughened surfaces of the existing dam it was found that, the
cohesion part of the bond strength bhetween the two surfaces of concrete
had an average value of 10.5 kg/cm2 (155 P.s.i.), the minimum value
observed being 7.80 kg/em® (111 p.s.i.) at the age of 28 days. The
angle of internal friction was observed to be 55° on an average. These
are the values based on 13 tests conducted in the field. ®imilar
tests_but with concrete test blocks cast on cleaned but unroughened

surfaces of the existing concrete showed that, the cohesion part of

>
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bond strength of such a joint is about 5.65 kg/cm2(83 Peseis)eon an
average. From these tests it was concluded that, it was safe to assume
cohesion part of bond to resist shear stresses upto 5.45 kg/cm2(80 Pesels
In emercency condition, which is g rare condition, the permissible shear
stresses which can be resisted by cohesion alone were limited to
7.5 kg/cm2 (110 p.s.i.). It was also assumed that, the cohesion will
reach a value of 17 kg/cm2 (250 pe.s.ii) at the age of 90 days, thus
giving adequate factor of safety. The cagrete used for making the
block had a compressive strength (cylinder) of 150 kg/cm? at 90 days.

Results of tests on concrete blocks of size 0.8 m (width)
x1 metre (length) x 0.4 metre provided with a shear key at the bottom
of size 0,6 x 0.6 m indicated that, when cohesion on the ares of
contact (excluding the shear key ar=a) is fully mobilised contribution

of shear key to the shearing resistance is negligible.

5.8.8.3 From analysis of stresses it was found that, the unbalanced
shear stress at the joint (i.e. shear stress minus product of normgl
stress and tangent of'angle of'internal friction) in case of short
monoliths did not exceed 2.72 kg/cm2 (40 p.s.i.) in design condition
and 4.07 kg/em2 (60 pes.i.)in emergency condition. In case of deep
cracked monoliths, the corresponding maximum values were 5.45 kg/cm2
(80 pes.i.) and 7.5 kg/cm2 (110 p.s.i.) respectivelv. Thus from consi-
derations of shear stresses alone there was no necessity. of reinforecing
the joint by shear keys and dowels. However the permissible values of
shear stresses which can be resisted by cohesion alone as sta ted in
the earlier para could not be relied upon whereever there was likleli-
hood of separation at the interface due to tensile stresses occuring
under any of the two conditions. It was assumed that the interfacel
joint can be expected to withstand a tensile stress of 1.36 kg/cm2

(20 p.s.i.) without seperation. Therefore, the shear stresses in the

zones with normal stress more than 1.36 kg/cm2 (tension) were provided
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for by anchor bars alone. Please refer to figure number 5.4
which indicates the distribution of shear and tensile stre-

sses on the joint.

5.8.8.4. Design of Dowel bars

Where shear stresses and tensile stresses are to be resisted
simultaneously by the dowels, as in the case of region between eleva-
tions 2040 & 2140 of deep monoliths where tensile stress exceeds
1.36ke/cm2 (20 p.s.i.), the yield shear stress in steel as given by

the following relationship was adopted in the design.
Yield stress in shear - 0.557 x yield stress in Tension.

Some authors give the ratioc of yield stress in shear and
tension as 0.60 also. |

When designing the reinforcement, 90% of yield stress was
assumed allowable in 'emergency condition' and 60% of yield stress as
allowable in 'design condition'. As use of mild steel bars would
“have resulted in too elose a spacing as to be impracticable, it was
decided to use cold twisted deformed bars having a minimum yield
strength of 4080 Kkg/em2 (60,000 p.s.i.) and an ultimate strengt’ h of
& 4760 kg/cm2 (70,000 p.s.i.) in tension.

The following relationship is necessary to be satisfied

when the steel is provided to resist the shear as well as tensile stre-

SsesS.
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actual shear stress in steel,
allowable shear stress in steel,
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On the basis of the above considerations, the requirement of

dowel bars for resisting shear stresses and tensile stregses was

calculated.

2+8.8.5 The interface treatment in case of the joint between the two
concretes was thus provided as below :

i) Shear %eys of 30 cms width and 22.5 ems depth at
3 metres ¢/¢ in all regions. |

ii) Roughening‘qf the downstream concrete surface of the

existing dam and the upstream surfacé of new backing conecrete in all

regions. , o )
iii) 32 mm diameter cold twisted deformed bars (IS 1786-1963)

at 1.5 metres céntres bothways in all regions where tension is less
than 1.36 kg/cm2 (20 p.s.i.) i.e. in all region of uncracked monoliths
and between KRLs 1842 and 2040 i case of cracked monoliths.

iv) Provision of steel of the same quality as above as anchors
in regions where tension exceeded 1.36 kg/em2 (20 p.s.k) as per the follow
ing table. (ije. between KRLs 2040 and 2140 in cracked monoliths).

Table No., 6
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It may ne mentioned here that, there is thus likelihood of

separation between the two concretes in the zone where tensile stresses
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exceed 1.36 kg/cmg (20 p.s.is). However, as the separation does not
prevent transfer of stresses across the joint as the dowels connecting
the two concretes are designed for this purpose, monolithigm is still
ensured., The danger of entry of water in the & cracked portion of the
joint is however not existent as any crack at the joiht will not be

connected with the reservoir water as in the case o&'heightening'of
dams.

5.,8.8,6 Embeddment of reinforcement

Use of 32 mm diameter bars has been generally made for shear

and tensile reinforcement. The cross sectional area of one bar is
8 om@ and therefore if the tensile stress in the zone in which the
steel is provided is 3.13 kg/cm2 (46 p.s.i.), the force in the bar
will be, |

, 8

3.13 x ---=- x 100x100 = 8400 kgs.
29.75

. 8400

. + Stress in bar = -é~- = 1050 kg/cm2

Thus.the stregs in the bar is much less as compared to its
strength. As the bar is in tension, it is necessary that it has suffi-
cient anchorage depth in order that it does not get pulled out. As the
bar has been anchored by being grouted in a hole drilled in the concrete
of the old section of the dam, it was necessary to determine the length
of this tvpe of anchorage against pull out. This was necessary as the
bar may be pulled out due to bond failure, which may take place either
at the surface of éontact between the bar and the grout or the periphenﬂ
contagt of grout with the drilled hole. During tests it was always four
that, the bond fails at the surface of the bar. In case of 20 wm A ameter
torsteel bars, which were used in pull out tests, it was found that, witl

cement grout having water cement ratio of 0.55 and proportion consisting
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of 1 part of cement to 4 parts of fine sand by volume, there was
significapt increase in the load required to pull out the bar as the
depth of anchorage was increased, but that after about 1.2 ﬁetres
depth, the inecrease was not substantial. . With too large depths of
anchorage, proper filling of the holes may also be difficult to be
ensured and thus agbout 1.5 metres depth of embeddement may be
congidered as satisfactory. Actually, the tension in the bars is
much below that required to pull them out and hence still lesser
depth of anchorage can be considered tobe édequate. However,
2,4 metres depth of anchorage in the existing dam and 2.025 metres
depth inside the new backing concrete with 0.975 metre length in

the gap was provided to get an adequate factor of safety.

5:8.8.7 Cost of Joint Treatment:

The total cost of the work of strengthening was estimated
at about Rs.4.00 crores. Out of this, the cost of the joint treatment
provided is of the order of Rs.20.,00 lakhs. Thus the cost of joint

treatment works out to 5% of the total cost in the case of Koyna Dam.

5.9 Foundation Widening ¢

5.9.1 It wad decided to excavate in rock for resting foundation
of the new Eacking at the samellevel as that of the existing stru-
cture at its downstream toe. As the distance of the blasting
charge from the structure varied from O metre to 21 metrés,
experiments were conducted to determine the safe blasting charges

for blasbting rock at different distances from the structure.

5.9.2 Table no.4 of Chaptér ITT " +e. as given by Mr.
Langefors was used as a guide to assess the safe charge level for
blasting. The maximum particle velocity was used as the damage

criteriong. The ratio between the experimentally observed ground



particle velocity and corresponding Langefors particle velocity

for the same charge level was utilised for computing safe charge for
excavation. The experimentally observed ground particle velocities
were 37% of the corresponding Langefors particle velocitieg on an
average. In other words the rock at the site was found to be
poorer in transmitting the energy of the blast in comparison to

Swedish rocks.

5.9.3 On the basis of these considerations and taking into account
the fact that the dam had been damaged during the earthquake, the
total safe charge (Q) in kgs/delay (delay interval greater than or
equal to half second) distributed in any number of holes at any.
distance (R) in metres (Not.less‘than 6 metres)’was used as per
‘table given Below 2= \ | | |
‘Table No.7

'bDEs;agc; :R: ;n_m;t;e; T -Cga;g; EQ; ;n-k;/;eia; ?

(Delay interval 0.5 sec)

----------- - = -

'
'
t 1
| t
; 6 E 0.60 :
: 9 ! 1,00 :
- 12 ! 1.70 :
; 15 : 2.30 :
: 18 : 3.00 :
! 20 ! 3.60 '
: 25 i 5.00 !
! 30 ' 6.60 :

The total safe charge (Q) in kgs/delay distributed in any number of
holes at any distance (R) in metres (less than 6 metres) was speci-

fied as per another table given below, Howevef, the use of charges

15
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on the basis of this table was made only when the rock between the
location of the charges and the struicture to be protected was prespli-

tted to 2.4 metres depth for the complete length of the monolith.

Iable No.8

‘:"R """" e
: in metres : kgs/delay :
5T TsrErEEEET A
' 1 ! 0.04 '
i ' |
! 2 ' 0.11 '
1 , N t
' 3 1 0.20 '
t 1 1
! 4 ' 0.32 !
1 [} ]
! 5 ! 0.45 !

1 d

-! --------- ..-----n-!-n"
When presplitting is not done, the permissible charges were
as per table given below in case of distances less than 6 metres.

These were also the charges to be uged in presplitting operations.

Table No.9

- W wm e "™ m w W W W W m W™

O i DN
o
L ]
O
co

5.10 Design of nix :

5.10.1 Although the existing dam has been constructed of rubble
conerete, mags onecrete using 150 mm maximum size aggregate was used
for the strengthening section. Although use of a similar constru-
ction material would have been desirable, its use would have

required the erection of the special plant and equipment which would
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have not been possible within the time available, it being necessary 1

to complete the.strengthening work as quickly as possible.

5.10.2 So also with the use of rubble concrete, it would not have
been possible to install embedded pipe cooling system if required to
complete cooling of the new concrete within a period of one and a
half months which was necessary for continuous concrete placement.
Also concrete in the gap could not have been rubble concrete in any

Casets

5,10,3 Considering all these factors, it was decided to use 150 mm
max. slze aggregate mass concrete. For the gap, 75 mm max. size
aggregate concrete was used due to difficult conditions of placement

and to avoid seggregation,

5.10.4 The cement used was mainly from the Shshabad cement factory.
Cement was beiﬁg purchased from Bagalkot and Shahabad cement factories
for the Kbyna.Perect works. As shahgbad cement had shown legser
generation of heat, it was specifically usedlfor the strengthening

work.,

5.10.,5 The slump specified for the mass concrete was 25 mm, while
that for the gap concrete was 50 mm. Strength of 150 kgs/cm2 was
specified at the age of 90 days fof the méss concrete. To satisfy

- requirements of slump and strength, cement contents of 177 kgs/m3 and
197 kgs/m3 were required in case of mass concrete ad gap concrete
respectively.

5.11 Important Construction Features and Aspects :

5.11.1 Controlled blasting :

As excavation for foundations for the backing concrete had

to be done close to the existing dam, restriction on blasting charges
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had to be imposed for éafety of the damy, as well as nearby 160
appurtenant structures. The charges, which were decided to be safe

for 'no crack condition', were used és given earlier. The work

having been entrusted to contractors, utmost care had to be taken in

exercising a check on the use of correct charges for blasting.

As mentioned in the next paragraph, dismantling'of a
portion of right bank masonry guide wall had become a matter of top
priority in the working season of 1969-70., Earlier it was thought
thgt, this work could be done by pneumatic breakers, IHowever
when actually attempted, it was seen that, this would have taken
too long a period and hence, the masonry in the portion of the wall
to be demolished was blasted using the same charges as given eaflier
in the beginning and with 50% extra charges at a later stage to
expedite the work. Use of this extra charge was quite safe and
did not damage the nearest portions of the guide wall which were to be
kept in tact. The use of extra charge in blasting masonry was
considered justifiable as the transmission of energy through masonry

can not be as efficient as through rock and it proved to be so.

5¢11.2 Problems in Ms 15 to 18

5.11.2.1 ‘In monoliths 15 to 18, the excavation in rock had tobe
done through a depth of 16.5 metreé. This was necessary as band of
weak material existed between KRLS 1889 and 1852 which was not
considered acceptable even in the construction o the original dam.
Some difficnlty was experienced in this strata as drill rods used to
get jammed during drilling operations. Another difficult task was
the removal of the backfill material in between the downstream face
of the existing section and the original face of excavation. Removal
of méterials from the deep pit had to be done by skips which were X

lowered and hoisted by cranes,
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5:11.2.2 TFrom the sketch of the right bank guide wall given later

it will be seen that slope of 1/4 H:lv with berms at suitable intervals
ete. could not be given to the downstream excavation face as otherwise
dismantling of additional portion of masonry wall would have been
involved. It was therefore decided to excavate at a slope of about
1/8 H:lv. Similarly to get enough width for backing cdéncrete in
-18, excavation face in a direction at right angles to the length of
the dam below the foundation ledge of right bank guide wall in rein-
forced concrete of 2.85 m‘base width had to be done at a slope of
1/10 H:lv. This was achieved by a method similar to that of line
drilling. ‘

5.11.2.3 Another difficﬁlty in this portion waé the fractured zone
crossing monokiths 14 and 15. The width of this zone decreased at
lower elevations mnd was about 1.2 metres‘at KRL 1845.00. The material
in it consisted of gauge enclosing bassdltic pieces. Thishmaterial.

was excavated by manual labour using pavement breakers where essential,
but mainly by pick-axe to a depth of 3 metres below the general
foundation level. ‘ This trench was concreted, keeping therein pipes

for drilling grout holes and drainare holes at a latet date. Also
reinforcement was placed spanning across this zone in the foundatioh

as well as for some length along the downstream excavation face for

load transfer to the rock on either side of the weak zone.

5¢11.3 Right Bank Guide Wall

5¢11.3.1 The general top of rock level in Ms 15 to 18 was at KRL 1900 or
so and the excavation for foundations was done here upto KRL 1845.

A peculiar condition arose in thé provision of backing concrete

in monolith 18 on which rests thé right bank training wall. Part of thisg
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tralning wall is in reinforced concrete and part in masonry. The

position is as shown in the figures given below :

TOE OF EXISTING DAM i | N ';
S FACE OF Ty T T |
ATIO L.!EA 6.
rZIxISTING DAM OLD EXCAV. N LN T L,' '
4 = -?. x I
R.C.C. e 50
MACDNR y-Gus uf W AL._ Bkl 1" E-m
v o T
4% I 350(5\:»'*5 WALL TOR) iz {
cor TIRACTION JOINT 2 45 i
TOR or .,ru.u» G BASIN qw L
'rm“ et 4{& -
Knuaooc:ownmou) RS e 4
X 3 i o
: \\' 7 [ BOL e 206 {
\ i . ,
\,\t 4 D,5 FACE OF NEW BACKING ‘ 4
« L. _EXCAVATION FACE F IR }w’h- A L e
FQUIDATION OF B AGS
~—~ "‘"”y?\’ - NEW BACKIN S
NT.IT,
. MIB&H I ‘
f A
E -\ ,
! H
l .
[ A

5.11.3.2 The thickness of the R.C.C. wall is 2.85 metres only, while
that of masonry wall is 9 metres. It will be seen that, it was
necessary to'dismantle 12.9 m.length of masonry wall between contra-
ction joints to enable provision of backing concfete in ¥-18 (its

non-over flow- portion).

5.11.3.3 As mentioned earlier, d ismantling of this portion was done by
controlled blasting using somewhat more blasting charges ascompared to
those used in blastihg rock as there were contraction joints on either
gide of the portion to be demolished and as more absorption of energy of

the blast was expegted to take place in masonry than in rock.

5.11.3.4 Thig dismantling by blasting presented no difficulty. BEarlier
it wags thought that, the dismantled wall should be replaced by a similar

mgsonry wall., However late receipt of the imported batching and

mixing plant resulted in delaying the conecreting programme in monolith 18y
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which in turn affected the above dedision taken earlier. The sitﬁa-
tion was reviewed in Jan.'70. Congidering the necessity of closing'
the gap created by dismantling p;rt of the training wall of the
stilling basin before the enset of monsoon, it wasriecidedvto close
the gap with R.C.C. wall having'its horizontal leg on the stilling
basin side. Thus the construction of the wall could be made
independent of the programme of concreting in monolith 18 and

hence was favoured.

5,11.3.5 This R.C.C. wall, proposed as a substitute for the digs-
mantled masonry wall, could have been anchored with stilling basin
concrete gt its bottom; however, the effectiveness and reliability
of such an.anchérage could not be compared with the safety and
reliability obtained with g monolithic construction. From this-
point of view, it was decided to cut out stilling basin apron |
‘concrete'in frént of the 12.9 m long gap upto transverse contra=-
ction joints in the stilling basin concrete as shown in the

fipure drawn earlier. To achieve proper and smooth cutting,

a closely spaced line of jack hammer holes was drilled along the
periphery of the conerete portion to be cut out. This line of
holes also served to prevent the transmission of energy of the
blast to the adjacent intact concrete portions of the stilling
basin. Controlled blasting was done to remove bulk of the apron
conerete,some portion around the periphery being cut out by
pavement breakers. This operation having been completed, concre=-
ting of the R.C.C. wall could be started and finished before the

onget of monsoon in the year 1970,

5.11.4 Shear KeYS
5.11.,4.,1 Shear keys were provided on the downstream face of the

existing seetion by cutting out concrete using pneumatic pavement

breakers. gimilar keys were formed on the interface of the new
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backing also while conereting.

S5.11.4.2 Maln reliance was kept on the bond between the two structures
for resisting the shear stregsses gt the interface, Wherever this was
not possible, steel rods were designed. to take up the shear. It was
thought that if all the keys did not get simultaneously mobiliéed, the
whole force will be transferred to those in contact in the first
Instance and after their failure to the rest making them also fail,

On these considerations, shear keys Qere provided only as an

additional precautionary measure.

5.11.4.3 To prevent improper and out of shape cutting of keys in the |
downstream face of the dam, series of holes were first drilled round
the periphery‘of the shear keys at a spacing of about 22.5 ems. This

prevented overcuts as well as ensured cutting in proper shape.

5.11.4.4 In the beginning, the desired shape ot the shear key was as
shown below. This was favoured from the congideration that, it will
physically prevent separation of the new and o0ld onecretes if the two
tend to vibrate seperately during an earthquake. However this shadpe
presented difficulty during concreting. It was very difficult to

force concrete up into the corner at 'A' by vibration. The concrete

was then placed at 12 mm slump.

- SHEAR-KEY
FORMED ON
INTERFACE OF

BACKING.

NOMI AL
KEINFORCEMENT
e SMEAR KE ¢

——
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5¢11.4.5 It was thought that, by making the concrete more fluid
(i.e. by increasing slump) it may be possible to fill the corner.To
study the behaviour of concretes of low and high slump, a model

was constructed on the field (prototype model) with perspex windows
for the purpose of ingspection. From these experiments, 1t was seen
 that, it was not advantageous to increase the slump (from point of
view of filling the corner) beyond 50 mms. Concrete with 50 mms
slump possessed body and hence it could be made to’rise up in the
corner by vibration. Vibration of concrete with more slump

instead of pushing the concrete up tended to spread it laterally due,
to its extra fluidity. It was also necessary that the concrete
placement was as fast as possible as concrete g responded to
vibration better while it was fresh. From these.experiments; it

was decided to retain the slumpab 50 ms.

5.11.4.6 In spite of this change in slump, in actual working in
was found that, it was not always possible to satisfy the above
requirements. It was thereforé decided first to reduce the depth
of the key from 300 mm to 225 mm and then later to make the top face
of the key horizontal as shown below. This modification was

necessary only in the case of shear keys on the Interface of the

backing conerete.

- HORIZONTAL
L FACE OF KEY

7

7
D/S FACLE OF
oLD SECTION —}—
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5.11.5 Reinforcement Bars :
5.11.5.1 As stated éarlier, dowels were providéd for bonding or
holding.togethér the two concretes as well as for resisting tensile
and shear stresses also in some regions.

Where reinforcement was provided to resist tensile and
shear stresses, cold twisted deformedbsgge used. Use of mild steel
bars would have meant too much econgestion of steel'in the gap which
would have made placement of concrete difficult. These steel bars
vere arranged to coincide with the top of every lift, By such
provision, they did not interfer with shuttering arrangements provided

on the interface of backing concrete.

9.11.5.2 Inspite of using torsteel ribbed bars ih some zones as much
as 54 bars had to be providéd at one level within 9 metre width only.
Had the bars been equally spaced, the operations of pPlacing gap

concrete would have been greately hampered. Therefore there was xb
no other alternative but to provide these bars in groups, each group

containing from 2 to 9 bars.

5.11.5. 3 There was a possibility that if the holes for the bars in

a group were drilled too close to one another, duping the drilling
operation itself or under te action of the pull out force, the

concrete between them may crack easily and the group may come out

as a whole, Also while drilling the holes, if drilled slightly out

of line, they may intersect each other. Considering thesepossibilities,

a distance of 22.5 ems was kept between the adjacent bars as shown

© o0 © :E“L .
225 mMms.
O 0 (0] L_J

i

below -

O 06 0-* :
F*T*F'T’ﬁ l

— 225 MMS ‘
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5.11.5.4 It was confirmed by actual field tests that this spacing was

adequate to prevent a crack forming across the holes in the inter-

vening thin concrete when an adequately large pull out force was applied.

Pull out tests were also conducted on individuzl bars to

determine the embeddement lengths required as mentioned earlier.

5.11.6 Differential height between gap concrete ggd backing concrete:
5.11.6.1 Although the new backing concrete was built independentely

of the existing dam to avoid undesirable shriqkage stresses, it neither
derived its support through ribs as in the case of Mundaring weir nor
through st@el dowels as in the case of Asswan dam. The method followed
in construction in the present case was thus different from the usual

methods adopted until now,

5.,11.6.2 The gap concrete in any 1ift was placed only when the
concrete in the backing portion (laid separately) became about 45 days
0ld, in which period its shrinkage was expected to be mostly complete.
Thus there was a difference between the top levels of the gap concrete
and the new backing concrete.equal to the height through which the
backing concrete could be raised during this 45 days period. Supposing
the conecrete to be 1aid in 1.5 metres thick 1ifts at the rate of one
1ift every 3 days, then about 18 metres of ralsing could be done
within 45 days. However it was seen that, it was not possible %o
allow such a big difference in elevations of the two concretes owing
to the development of tensile stresses in the backing concrete on

its downstresm face when the differential heiéht exceeded a certain X

limit. This is evident from the Sketch below :-
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"}" ]
. GAL DIFFERENTIAL HEIGHT BET WEEN
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gj;o“gg i) BACKING \ @AP COCHRETE R BACK I 3 €34 WRETE

SECTION
.

SELTION - ~ \o. i_GAP CONCHETE

_______ PLACED UPTO THIS LEVE L,
\\ ) |

5.11.6.3 In calculations of the stresses in the cantilevering

backing concrete in its unsupported state, somefafféct of possible
earthquake forces had to be provided for. Thus allowable differen-
tial heights, when gap concrete reached various levels, were worked
out permitting maximum of about 2.04 kg/cm2(30 Peseis) of tension
under the effect of earthquake with horizontal acceleration of 0.1 g
assumed from downstream towards upstream. This height varied from
7.5 m to 16.5 m depending ﬁpon the monolith and the level of gap
conereting reached., This condition coupled with the condition of
permissible reservoir water levelwy for placing joining concrete at
various levels had tobe carefully considered in planning and

executing the programme of construction.

5.11.7 Temperature control of mncrete:

5.11.7.1 The following steps were taken in connection with the
temperature control.:- |

i) Although ordinary éortland cement was used, only that
obtained from Shahabad factory was used as it was found to generate
lesser heat as compared to cements from other factories received on

the project.
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11) Successive lifts of concrete were placed at an
interval of 5 days.
11i) Height of 1ift was limited to 1.5 metres for the
backing section;3 m high 1lifts were considered pérmissible for gap
concrete. ‘
iv) Concrete was always precooled when used for filling
the gap. Its temperature was generaliya kept at 60°F or legs if
possible. "Nhen used in backing, £ was precooled only when atmogpheric
temperatures were high, i.e. in summer months of April & May.
v) Concrete was post cooled by circulation of ecold water

through embeddedf pipe system.

These measures helped in controlling the temperature rise
as well as cooling the conecrete to stable temperatures generally

within one to one and a hzlf months' period.

5.11.7.2 TFor the purpose of precooling of concrete, part of the
mixing water was replaced by flaked sub-cooled ice. For this
purpose, an ice plant was instglled having a capacity of producing
50 tons of ice per day. This plant had & ice making units, éach
producing 10 Tons of fld ked ice per day. The ice was added in the

mixers in the required quantity.

5,11.7.3 For post cooling of concrete, 25 mm internal diameter G.I.
pipes were provided on the top of every 1.5 metre thick 1ift. The

horizontal spacing of these pipes was 1.5 metres. A typical layout

of this arrangement is shown in the figure given below :
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Re servolr water at 22.2°C (72°F) was circulated through

these pipes at the flow rate of 4 g.p.m.

5.11.7.4 The backing concrete was placed at a temperature of
23.9% (75°F) while the gap concrete wés placed at 15.600 to
18.4% ©. Tt was ohserved from the embedded resistance thermo-
meters that, the temperature rise of backing concrete varied from
13.900 to 19.400. The average annual temperature is about
29,4°¢.

These arrangements permitted cooling ot the backing to

the required extent within about 45 days.

5,12 The above are some of the important_aspects of the
strengthening work executed in the case of Koyna dam. This work

wasg mostly completed by June 1972,



171

LKRL.206500

BACKING

. KRl ,200_0'00

24|— EXISTING DAM
&L

FULL BELTION FROM

7 I 4

TYPICAL SECTION OF A SHORT
UNCRACKED MONOLITH (1A TO9)
OF KoY A DAM WITH BACKING.

tm. 204200

L ——

BUTTRES ABOVE
MRL. J970-00

1
o

QX RE1970-00

A4 4 b R4

TYPICAL SECTION OF A DEEP CRACKED
MONOLITH OF KOYNA DAM WITH BACKING .

Fig 51,

i

9 KRL.2000 00 § BELOW.

1
50’
=1 yKRL 2i180:00
29.5°
*‘531—'31 <KRL 214500
t ",
356,
M| WKRL 206500

| L axee20000
ey
124

/s END VIEW

e

Jr—-§-9--* g&RL 218000
&I

R e 210500
20,

] L wKRL 206500

U g U KR 137000
r—r
20y

—y—y—

D/S END VIEW

IYPICAL SECTIONS OF KOYNADAM,
TH BACKING SECTIONS




/] \
7 \,
/ o\
/ \
/ \,
[ :
! /
at /
: /
! I
j ,
/ /
L o 2
»<3/<;'m2 45 20 0 o 20 40 Kgfem
— — DUE TO HORIZONTAL GROUND MOTION WITH RESERVOIR «
VARIATION OF VERTICAL NORMAL DYNAMIC STRESS ALONG THE
UPSTREAM AND DOWNSTREAM FACES OF EXISTING NONOVERFLOW.
SECTION OF KOYNA DAM.
*
1
/ \
/ L
L
/ \,
. \ ‘
;’ |
; j
f /
i ’
\ /
{ !
| .
/ \ :
/ A :
2 N /' | \ L . d 2
rgfcm- 40 20 O 6 20 40 kg/cm

—.— DUE TO HORIZONTAL GROND MOTION WITH RESERVOIR »
t

[
VARIATION OF VERTI. AL NORMAL. DYMAMI | STRESS ALONG e
UPSTREANM AmD DOWNSTREAM FACES OF STRENG THEMED NONO -~
~VERFLOW SECTION OF KOYNA DAM

£16.5 2

1
l
'
|

DYNAMIC IDITRESSES [N KOYRA DAM




H—4850% k. RL 2180

KRL.217)

K8L.2550

K.R.L-1970

b3
<
3 a
z]
- (;
K.R.L 1900 9
]
]
K .R.LABL2 YT l
- 2
- 4)!‘“ 235
10-33 NANIVERF LW LB ST

K.E.L2!%.5

NCTA™. 2111~

- - - .
L. SECT:NG vr-..h)-..'.:a

‘

4
LA AR F TR Lr

Aoz E7
CTORAGE(TZ T )

u T SN
[ 0. DRA. vl SR A
; a -~ -
l K = b R o D IR T,
Ky e A —
[ 4
i ' T SECTIDN ATl b ey
Kk L1870 ! 0 AL YETEL o o isThe L7 8
Q,’ FOR STImARE =F 28 74
" ! RS SRV N S Y S
~J i ONE 5TAGE 2i.ly
>l
} {ohe ot
KL §9DS : . K i i 13T
. Uk
1
, |
24405 - {5te-
= >

fel
»

TR AR
F/GURE - 5.3

KOYNA DAM SECTIONS




:

1"!

i

X i ‘LA ,om,\ma_v. ~! STESS IS
' .2&0&_ZDWQ.ON4@.N
SHLITONOW TIHNIDvD gt 23 AN, o o VJo.I S Vﬂlo._‘ S 2 ¥ 8
“SH 1 NOW IS 0
» omm; “ _— “lr dr\'n&v f A mu\l 0& 84
20-1 ADVa S5/ NO WWNS,W SNSH3A - fot
—1BAZT IXVY] ONKNOS +40 s3IAAND : \
S3IQNLS ONINTGHLONIALS VNAO 1 o8
]
@.m o214 “
. - “ _
: 1 o164
i
0z 6! oaf+ 6 08+ u i T T + o 3
AT Y e T AT _r |
L i D - ' ] : H i
owel \m\\ % Ed + A~ o e A -a —1 4 — ot 61
[ | = n+\lr\r\u e & A Loyl
t \f\ v \‘W T \ f : 4_ 1 ﬁ
ol Y = T ] i - — R S - k- I
v ¥ 7 Y. i | T , | 1
S S | . \ . lﬂq g .Wh, ) . oZ61
o861 N S - -
coo? | Gooz
*TIEASTY AVHL AV GINWLNIVN 0zoT ozZoz
AMOAR IS I A FJHL HLIMN STV d3AqVY
o+ 0
FHL SO dOL 3HL OL MOLLOS IHL  OF°® g
NO2AH4 A3DVid SW3AG 3LI2ADN0D o590 ooz
DN NIOS BHL‘T1IAONOD D NINIOL
3HL ONIAVT 40 Il JHL LY ST3A o807
W 3T HI LV BALDIF~CIN AIFTHL 33V oYY
ISIAHMAD IHL NO CIABYW ST13ATT IHL 2 OO
CINVQA FHL JO 3vwd ravEHALSIN FHL NO - i
1ISTSSIHLS FLvDIQNI SZIAHOAD J[HL "y o1 .
i ’ oslzZ
1 - S3LON |

NOILVAZZ3

L 3Ty N




17

(1) UNCRACKED MONOLITHS.

() DESIGN CONDITION

Z

a
2100 5 g
2070 40 2067 |

7
2000

l 25
NORMAL STRESS

1967 N PG I

15

UNBALANCED SHEAR

EEE

(11) CRACKED MONOLITHS.

(@) DESIGN CONDITION

2140 240
. TERSION
85
0 2060
35
80
60
NORMAL STRESS
IN P.S 1.
&0

UNBALANCED SHEAR

IN P.S. T. IN P.S.1.
(b) CTHECKING CONDITION (b) CHECKING CONDITION
2140 2140 2160 $6 O O A
Z
9 2.100
2100 ‘%) 2065 : 2062
930
2067 2067 | . 2040
€0 3 2000, 9
1973 o
2030 1967 o
20 v
i9
NORMAL STRESS ".’Z’ g
IN P.G.1. w
1967 1844 P9
10 eet L
C OMPRESSION TENSION
UNBALANCED SHEAR UNBALANCED SHEAR
IN P.S.1. IN PRSI NORMAL STRESS
IN P.S T,
NOTES |~

UNBALANCED SHEAR SHEAR STRESS- NORMAL STRESS X TAN (J
THE VALUE OF @’ ASSUMED HERS 1S 55°% THE TERM NORMA L
STRESS X TAN ¢ 1S NEGLECTED WHEN TENSION 1S DEVE ~

LOPED AT THE JOINT.

FIic, 54

DISTRIBUTION OF SHEAR AND NORMAL
STRESSES OF DFs FACE OF EXISTING
SECTION CF KOYNA DAM AFTER STRENGTHENING.




CHAPTER VI

SUMMARY




CHAPTER VI

, Qumm ary

6.1 The most common and positive method of strengthening gravity
dams, whether in connection with repairs or heightening, is the provision
of downstream backing made monolithiec with the existing structure to

obtain monolithic structural action of the entire structure.

6.2 “onolithie condition can be enéured by proper design of the
Jjoint between the new and tﬁe 0old section as this joint is the weak link.
Thus design of a strong and dependable joint is the crux of this problem.
This very aspeet is the méin concern of the designer and creates lots of
difficulties at the time of execution to the construction engineer. The
problem becomes more complicated when shearing and tensile stresses of

considerable magnitude are expected to occur at the joint.

6.3 In case of massive additions, the development of intense sheariamg
stresses at the joint-plane and tensile stresses on the upstream face pre-
cluie the possibility of direet placement of the backing concrete against
the existing section, Suitable methods of construction have therefore

to be adopted which eliminate the develomment of such stresses, but help

to achieve the design objectives. The method most widely used makes use

of the provigion of an initial gap of worksgble width between the new and

the old sections whieh is filled subsequently by jointing concrete.

7 f\‘
6.4 The effect of reservoir operation ofi-the construction schedule
has to be carefully considered while bonding the new section with the old.
Indigeriminate bonding can result in tensile stresses on the upstream

face under the fingl conditions of loading.



A ~
65 Temperature control of conecrete also needs particular attentionf

Various measures right from the selection of the type of cement to the post
cooling arrangements require careful consideration. As the bonding of
the two sections can be effected only when the new concrete has attaihed
stable temperature conditions, the period of cooling of the new backing
section needs to be suitably controlled so as to enable non-stop placement

of conerete.

6.6 If the heightening is forseen, some provisions can be made in
the design of the temporary section, so that the cost of special measures
required to ensure proper bonding hetween the two sections is kept to the

minimum.

8.7 Thus strengthening of' gravity dams involves problems both in
design and construction, which demand ingenuity on the part of the

., designer and utmost care on the part of the constructor to realise the z
assumptions made in the design. With the need for exhaustive utilisation =
of water resources and best use of the limited funds,heightening and
therefore strengthening of 8ams has no doubt assumed greatef significance

in the days to come.
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CHAPTER VII .

Conelusions @

7.1 Looking to the need for utilisation of every drop of water gifted
by nature 1in an economical manner, it has become necessary to heighten
some of the existing dams built in the past. These dams had been then
built to eater for the demands of the immediate future or according to

the financlal resources available then and hence there exists a scope for
incereasing their storage capacity bgﬁeightening economically instead of
attempting the exploitation of costly unfavourable sites.

742 Secondly there are old dams designed and constructed on the
basis of old design practices, which now require buttressing if they are
to be made safe in accordance with the present day design standards. This
has necessitated strengthening of some of the o0ld dams today. So also
GH% due to revis;ons in the seismic mapping of the country due to some
recent earthquakes, dams already built might need strengthening in some

reglons of Indis.

7¢3 ~ Among the various methods of strengthening graVity dams, addi-
tion of monolithie conerete backing on the downstream side is considered
to be the one that is the most reliable and a positive method of strenge
thening.

7.4 For comparstively low heightenings and in case of dams of small
height, the method of prestressed cabling may be more suitable and econo=-
mical as ecompared to the provision of downstream=-backing, In case of
appreciable raisings #nd dams of moderate to large heights, however,
downstream backing appears to be the only reliably acceptable solutioh.
Prestressed cabling can be however very well used in conjunction with the
stage construection where its durability is not imperative and its advantage
can be taken in the reduction of the temporary section as well as for

adjusting the stress distribution in the structure to the desired status
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at the time of resumption of construction. However in seismic zones,
where the structure is likely to be subjected to the actlon of earthquake
forces & the regulation of the reservoir 15 such as to cause variation of
the lake level through a large rahge, use of prestregssed cables will not

be a satisfactory method to adopt.

765 Upstream backinglinvolves emptjlng of the reservoir for a
considerable period of time and theré’by means loss of revenue and pro-
duction which is so vitally needed for the country's economy. Therefore
it can not be considered in lieulof downstream backing except possibly
when the material of the exlsting structufe is very poor for effecting
a strong bond between the old and the new work. However unbonded
downstream backing could still be considered in preference to upstream

backing.

7-6 Provision of earth backing on the downstream can be considered
only in a seigmic zones énd where economices and availability of required
construction materials favour itg use. However when the existing

| structure is of masonry or concréte, it 1s a pointer to the avallability
- of rodk as the most economically available construction material in the |
vieinity of the site. So also utilization of only downstream quarries
will be involved in case of provision of earth backing, which may involve
costly land aquisition. On the contrary, the rock quarries earlier

used for the construction of the existing structure will not present any
such problems if suitably located. For low reservoir levels, tensgile
stresses may develop on the downstream face of the dam section én account
of the downstream earth backing. Therefore downstream earth-backing
will be suitable in case of those dams having such reservoir regulation

that the variation in the lake level is small., In seismle zones, the
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effectiveness of the downstream earth backing is rather doubtful during

an earthquake.

77 Although provision of monolithiq downstream backing involves
problems, these can be dvercome by proper design and careful execution.
The numerous examples of strengthening carried out in the world uptil
now can be cited for justifying such a confidence in this method of

strengthening gravity dams.

7.8 | Considering the need for heightening and strengthening of
existing structures constructed in the past, the need of water for rapid
development on all fronts, justification for sharing of the financial
burden of development by humans in all ages and the economies involved,
stage construction needs to be plannea in case of projects in hand which-
are in the design or the plsnning stage. This will incidéntally minimise
th

(6]

cost which has to be incurred in case of unforseen strengthening;

749 It may therefore be concluded that, the method of successively
thickening the gfavity section for the economic development of water
resources may be regarded as generally the most suitable and dependable
method for the purpose of rendering positive support or for the creation
of a single monolithic structure which can behave as if it had been
originally built té‘its-final dimensions. It may even be gaid that, on
account of the greater ease with which subsequent raisings can be done
in the case of gravity dams when.reQuired, in some cases concrete or
masonry dams may be adopted in preference to earth dams from this point
of view.

7.10 Need_of compilation of data for analysis

7.10.1 Although several examples can be cited of provision of down-

stream backing for strengthening gravity dams, very little information
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1s available as regards the results and conclusions about the actual
behaviour of the strengthening section on the basis of instruments embe-
dded inside the mass. Thus it is very important to know the temperature
generated in the original dam, the backing slab and slot filling,the
shrinkage movement of the backing slab in relation to the original dam
while it is free and the strain in the gap cmerete which might be

caused either by its own shrinkage or by further shrinkage in the backing
slab after filling the gap. Meagsurements can also be made by the use of
strain gauges at the top of the gap filling of ﬁhe possible movement
between the gap concrete and the original dam and between the gap filling
and the new backing under the'effegts of external loads.'It is necessary
that, such data In case of dams similarly strengthened is compiled and
useful econchusions arrived at, which can.provide information of use in

case of further strengthening works.,

7.10.2 Whilé estimating the stresses in the existing section, espe-
cially the locked up stresses, some assumptions as regards the effect of
the separately constructed backing on stress distribution in the
existing section have to be made, as direct evaluation of such effect is
not possible. Validity of such assumptions needs to be checked in each
particular case on the basis of systematic and planned observations of
instruments in the existing section and the analysis of such observa-
tions. On the basis of such studies,realistic design eriteria can be

evolved.
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