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[FL] and welcome back to this module of lectures on concrete engineering and
technology. We are trying to revise fundamentals of concrete, proportioning of mixes,
stages and concrete construction, issues in quality control, talk about special concretes,
some mechanisms of deterioration, reinforcement and concrete structures and

maintenance of concrete structures.
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Revising fundamentals of concrete

Some mechanisms of deterioration in concrete

Maintenance of concrete structures

In the last discussion, we were talking about a subject expanse, fundamentals of concrete
design in fact the principles of all structural design is matter of at mechanisms of

deterioration in concrete and maintenance of structures.
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Conceptual framework for
maintenance and repair of

concrete structures

What we were talking about was a conceptual framework for maintenance and repair of

concrete structures.
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So, recapitulate what we were trying to do, we had studied or looked at deterioration and

performance and how they change overtime. So, this here is the variation of deterioration

as gradually the structure is in service for along there long in time it deteriorates.

Corresponding to that deterioration the line here shows a change in the performance,
initially the structure forms very well and as the structure ages, the performance tends to
reduce or degrade taking this changes in mind this green line here is the minimum
acceptable level of performance, and this red line here is the maximum acceptable level
of deterioration, and depending on how we want to define the concept of service life we
can say that the service life is reached once, either the deterioration exceeds the
maximum permissible limit or the performance falls below a critical minimum

acceptable level.
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Now, how do we define these levels and what quantitative parameters that is left to us,
we could choose parameters such as deflection for performance, we could choose
cracking for deterioration chloride penetration for deterioration and so on. And so forth
so as a concept this is what we are talked about when we talked about in service
maintenance of concrete structures. Extending this concept for the we discussed the issue
of inspection which involves determination of the actual state of the structure from the

point of view of either deterioration or performance.

So, once the structure is put in service or just before it is put in service there is an initial
inspection followed by periodic inspections, and at the end of which we need to carry out
an evaluation process, and the side what we want to do, either reinforce this structure or
at the end of any stage, we can decide to repair the structure this could be followed by a
detailed inspection, which again could lead to a repair or a reinforcement and at the end

of the cycle once we if carried out repair or rehabilitation.

We really go back to an initially inspection and see whether, the work that has been
carried out is satisfactory, and what is the step or what is the state from which the
structure is starting a fresh. While we are talking about this we also talked about the need
to understand deterioration and its causes, when we carrying out inspections and they
importance of selecting repair and reinforcement measures, when we are carrying out

repair and reinforcement.
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Repair does not increase strength but may increase the durability
| of the structure by slowing the rate of deterioration.

And of course, the issue of evaluation which is really adjustment or decision making
processes which is involved at different stages two help us determined the next step,
have carrying this forward we try to define the concept of repair in terms of a
maintenance action which may not increase or improve the existing state of the structure
but, increase the service life that available to a by reducing the rate of deterioration that

is occurring at that point in time.
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Reinforcement

Reinforcement may
increase the performance
level to a level higher
than originally
envisaged. Of course, the
durability of the
structure also increases.

Performance




So, if we are intervening a this point in the structure we have increase the service life by
reducing the rate of deterioration or rate of further deterioration. Similarly, as far as
reinforcement is concerned if we are intervening at this point and time we may actually
improve the performance that point and time and how this graph that is the post
reinforcement change in the performance goes would depend on the nature and the
efficiency of the reinforcement work. So, we have increased the service life from this

point to this point because of reinforcement action.
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. Increase in load level
. Decrease in load carrying capacity
. Change in acceptable response (a more

stringent deflection criteria) — change
in acceptable performance level

So, this what we are talked about last time, we are discussed is some detail the causes for
repair in reinforcement action considering a simply supported being like this one of them
could be increasing the load level which in civil engineering structures could arise out of

changes in the axle load in the frequency of loads and so on.
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It could be in the decrease the load carrying capacity of the member or the structure
which is how the deterioration in properties of the material manifests itself, and there
could be changes in the acceptable response or the change in the design criteria

acceptable deflection for example, changes in the load factors and so on.

We are talks about some problems in repair, we are talked about a bad repair in which
case we had seen that the repair material for example, polymer cement mortar is placed
in s structural like this without removing all the concrete from behind the deteriorated
reinforcement bar, which is what this done here as good replacement and a replacement
of this nature or repair action of this nature does not necessarily mean that the a structure
will not corrode in the future. So, corrosion or such problem could manifest itself very

quickly after the repair work has been carried out, if the work is not done properly.
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Problems of Repair

O Evaluation of repair material and methed is important,
Expensive material may not always be durable.

O Periodic repair of coating is needed due to the
deterioration caused by ultra violet rays.

O Corroded reinforcing steel bars may cause macro
cell corrosion.

O Education and training of professionals for
inspection and evaluation are needed.

We are talked about the need to evaluate repair material and the method it is not
necessarily that expansive materials are always more durable. We are talked about
periodic repair of coatings because those coatings could be deteriorated or could lose
their effectiveness on account of deterioration by exposure to ultra violet rays in cases of

corrosion.

We have to be careful about macro cell corrosion being initiated, and we have talked
about macro cell corrosion going to talking about deterioration in concrete structures on
account of reinforcement corrosion, and the need for education and training of
professional for inspection and evaluation of concrete structures, which is a professional

job just cannot be done on in [adobe] manner.
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In our discussion today, we will focus on

a) Some of the common methods of repair and
reinforcement, and,

b) Quickly run through some results from a
laboratory study on repair methods and their
efficiency

So, now coming to what we will talk about today, we will really focus on some of the
common methods of repair and reinforcement and we will quickly run through some

results from a laboratory study on repair methods in their efficiency.
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Some of the common methods of repair and
rehabilitation

Now, coming to some of the common methods of repair and rehabitation, the discussion
here is more in terms of introducing the repair methods rather than going into the details
of each of these methods, and | would like the listeners and students who are interested

in this subject to actually go through the net and some of the variable literature.



Which describes each of these process is in much greater detail and that perhaps not
required, when we are talking about the general principles of repair in reinforcement of

concrete structures that two within a framework of operational maintenance and so on.
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Dry pack and epoxy bonded dry pack

* Consists of simply application of dry
cement sand mix. with just enough
water

* Repair material is placed in thin (8-10

mm) layers. and compacted with a
hammer

* Epoxy can be used as the binder
(Epoxy bonded dry pack)
* The method is suited for relatively

small arcas Souree: Fig 4.3, Handbook on Repair und Rehabiliation of ROC
buldiags, Government of India

Now, coming to the first such method that we talk about is the try pack and epoxy
bonded dry pack. Now, what is done here is that we have a situation here or a portion of
the structure here which needs to be repair so what we put in place is a restraining

formwork and we try to pack the repair material in layers.

So, we put this layer first followed by another layer after that and so on, and this
compaction is carried out using a hammer so that is the manual method for placing
compacting and ensuring that this part of concrete, which had been removed or which

had to be removed on account of some reason is now replaced by another material.

Now this material could consist of a cement sand mix which is basically cement mortar.
We just enough mortar, so it is basically a very dry mix because the compaction that we
are doing is with the hammer and that we can obviously do only if the mixes dry and as
we said the repair material is placed in thin layers, and compacted with the hammer
instead of a cement based binder. We could also use a epoxy based binder in which case
what we would call this method is epoxy bonded dry pack and the method is obviously

suitable only for small areas, and susceptible to changes in the quality of the work done



depending on the work man involved because all the operation is are is strictly manual

the mixing perhaps the compaction is completely manual and so on.
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Pre-Placed Aggregate Concrete (PAC)
Grout is forced into voids of

clean. graded coarse aggregate
densely pre-packed in formwork

The grout consists of cement.
sand. pozzolona and super-
plasticizer

Coarse aggregate should be
washed to remove all fines and
deleterious materials

Sowree: Fig 6 43), Hamdbook on Repiis 154

Grouting begun at the bottom of R iy e
the pre-placed aggregate

Coming to the next method, we have preplaced aggregate concrete. Now, this is another
method where of formwork first as shown here pack this space with gap gridded course
aggregate compact the aggregates and finally, inject cement grout through pipes or tubes
which are going to the right to the bottom and gradually with draw the pipes as the grout
rises in the pre placed aggregate.

The advantage of this method compare to using simply concrete to begin with would be
that we do not really need to compact the concrete it can be done in sections where

concrete cannot be placed and compacted.

So, we can use course aggregate fill that space with course aggregate and add the grout
later on there are basic differences between pre placed aggregate concrete and normal
concrete. The way pre placed aggregate concrete has been done as you know would
involve aggregate to aggregate contact which is not necessarily true when we are talking

about normal concrete construction.

Similarly, the tradition of aggregates that is used should be such that it facility its or
allows the movement of cement graphs, we need to engineer the properties or determine

the properties of the grout that will be suitable for a particular application depending



upon the maximum particle size and the particle size distribution which would

essentially control the void geometry of the compacted cores aggregates.

So, grout is force into voids of clean graded course aggregate densely pre packed in form
work it consists of cement sand pozzolona and supper plasticizer course aggregate
should be a washed to remove all fines and deterious materials and grouting begins at the
bottom of pre placed aggregate. Obviously, we cannot start the placing and grout at the
top and hope that the grout will simply flow down its better to start from the bottom and

then go up gradually.
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Soures: F1g 6 4(b), Handbook on Repan and Rehabilstatson of RCC banidsngs , Government of [ndia

These are some more pictures from preplaced aggregate concreting operation. The first
step is to fix the formwork, and they did aggregate washed free of fines bonding
materials placed in the cavity. We could use reinforcement here if you want followed by
form of fitted with pipes and nipples and valves for placement of the grout.

So, all these paraphernalia is added with this system, we can close the system
completely which we cannot do when we are trying to place concrete in the cavity like
this is step three, would be flow able grout is mixed and pumped into the cavity formed
feeling space between the aggregate. So of course, we have to have a vent through which

the air is allowed to escape and finally, the form the removed and the surface is finished.



So, much for the pre placed aggregate concrete operation we can imagine that an actual
placement of pre placed aggregate concrete would be a lot more complicated, and the
quality control even more so because we need to understand the void geometry, we are
need to understand the void configuration for a given mix of aggregates and we need to
choose and appropriate grout from the point of view of viscosity this aggregation

bleeding strength and so on.

(Refer Slide Time: 14:50)

Department of Civil Engineering
Indian Institute of Technology Kanpur, KANPUR

Shotcrete

Soarce; Fig ¢ &, Handiook on Repair and Rethabilitation of RCC busdings Sousce: Fig 8 5, Handbook o Refair and Reabilitation of RCC buildings
Governmess of lndia Government of India

* The method is also called “Gunite’ or “pneumatically applied
concrete or mortar” and mvolves deposition of the material in
lavers under pressure without supporting formwork.

* Placed by either dry mix or wet mix process
+ Useful for restoring spalled surfaces

Continuing our discussion with methods of with pair shotcrete is another candidate and
we have talked about it earlier, when we are talking about special concrete were could be
wet concrete mixes wet mix shotcrete and dry mix shotcrete in the dry mix shotcrete the

water is added just before the material is shotcreted on to the surface.

And, the method is called also guniting or pneumatically applied concrete or mortar as it
involves deposition of material in layers, under pressure without supporting formwork,
and this part limits its applications. Of course, is a require material as a repair method is

a very powerful method because material can be deposited in layers.

It can be done by the dry or the wet mix process and the method is particularly useful for
restoring spalled surfaces if we have a surface we are the concrete is really fall enough
then shotcrete and organiting or placing concrete under pressure is a very viable

alternative this is quite different from having to place the concrete manually in that area.
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Plate bonding

+ Consists of connecting MS
plates to concrete surfaces
mechanically by bolting
and gluing with epoxy

+ Inexpensive. versatile and
advanced technique for
rehabilitation

» Can substantially increase
strength, stiflness and
ductility

5l & Sowrce: Fig 6 7, Handbook on Repair and Rehabilitation of RCC buildings
\ i of Indra

Goverpmen)

Now, let us talk about another method which is quite different and that is played
bonding, now this consist of connecting mile steel plates to concrete surfaces
mechanically by bolting or glowing with the epoxy as we can see here in this picture
fixing a plates on the concrete surface would enhance the flexure strength and the plates
can be held imposition by either bolting them to the concrete or fixing them using an

epoxy.

So, what primarily is being done is that we have what we have in this method is that if
we have a concrete beam which has deteriorated, what we want to fix is mile steel plate
here and then if you apply load on this beam this plate takes all the tension. So, this
increases the load carrying capacity of the repaired beam now what has to be ensured in
this process is that this plate is properly held into position either by glowing at the
concrete surface or by appropriately encoring the plate into existing concrete and that is
what is mean by saying bolting or glowing with epoxy and we have a steel plate which
has been placed here for the tensile face we can place these plates even on the shear faces

and so on.

This is an in expansive versatile in advanced technique for rehabilitation except that we
should know how to design this method we should know what is the kind of plate to be
used what is the size of the plate what is the size of the bolls or what is the kind of epoxy

or glue which is to be used at the surface in order to ensure monolithic structural action



but, it can substantial increased strength is stiffness and ductility of the repaired

structure, we could even use | plates if we want to use in a beam or column.
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RCC Jacketing

Fig 6.8(a) Ciolmnn Strengthemng Concrete Jacket Fig 6.8(b) Details of Shear Key Bars

Source; Fig ¢ 8(a). Handbook on Repair ad .
Rehalnistaton of RCC aldings , Goversment of lacks Source: Fig 8 8(5). Handbook on Repair and Rehabilitation. of ROC

buldings . Government of lodia

Now, let us talk about jacketing jacketing really means in existing concrete around which
fresh concrete is flexed. So, that is a concrete jacket we call it RCC jacket means
reinforce cement concrete jacket is placed around in concrete, which could have
deteriorated in which case it could be a repair action without an intension to increase the
load carrying capacity or the performance of that column or the structural remember or it
could even be a reinforcement step where we want to actually increase the cross section

of that particular structural remember.

So, what is being done is that we add strrups which are welded we add longitudinal
reinforcement and this longitudinal reinforcement is anchored in the existing concrete
somehow with a rayson mix and we finally, concrete the outside surface and this can be
done either by normal concreting that is placing the formwork and poring the concrete
compacting it and so on or it could be done by shotcreting or it could be done by pre
placed aggregate concrete the idea being that there is reinforcement outside an existing
structure and a concrete covers that we increase the cross sectional area or keeping the

cross sectional area the same and so on.

When, we are doing jacketing we need to be especially careful about the need to provide

shear key bars and these shear key bars are bats like this which are provided to ensure



that the newly added material that is the jacket at concrete becomes monolithic with the

existing concrete.
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buildings, Govemmenn of lndia

Now, let us talk about stitching suppose we have a crack like this in a structure one of the
options available to repair this crack or prevent this crack from spreading either
lengthening or increasing in width would be to stich it. Now, how do we stich it remark
and drill holes and both sides of the crack that is here and here across the crack chase a
grove between the drilled holes; so we make a chase or a grove around the across this
crack like this insert a u shape m s bar in the wholes that expanse the crack and grout this

on either side and fill the chase.

So, what is happened is that this crack now has these u shaped clips or m s bars which
are spanning the crack now as the crack tries to move it has to cause failure of these clips
before the crack and move, so effectively these m s roads or clips serve to erased any
crack growth because is steel is not easy to feel it is not so easy to apply enough stress on
the steel to fail is steel is a fairly high strength material as far as filling of these groves is
concerned we could do it with mortar we could do it with concrete we could do it with

the epoxy concrete whatever, we want.
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Now, let us talk about of fiber rap now fiber rap is basically another form of jacketing
where the deteriorated concrete here is raped with fiber. So, it is non-intrusive
strengthening to increase the load carrying capacity with minimum damage to existing
concrete several layers of bidirectional woven material of woven fabric is held together

within appropriate resin.

So, it is not a single material here or it is not a single layer of fiber it is several layers of
bidirectional fibers woven and held together within appropriate resin and in a manner of
speaking as | said it is just on the form of jacketing so instead of a reinforce concrete
jacket we are placing a FRP jacket on a deteriorated concrete member its very effective

as far as column is concerned.

But, it can also use for other members you will recall that we had some discussion on use
of the FRP materials for repair and these strengthen in of concrete members or
deteriorated concrete members when we were talking about the applications of fiber

reinforced plastics in civil engineering construction.
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External stressing

* Cracks can be closed by inducing a compressive
force sufficient to overcome the tension

+ Similar to stitching except that stitches are
tensioned

And now, coming to perhaps the last basic method for repair of concrete structures that
we are talking about today, we come to external stressing. Now, what is external
stressing? we must remember the cracks in concrete can be closed by inducing a
compressive force which is sufficient to overcome the tension which is cause the cracks
to basically, if we have a concrete member with cracks like this, if we apply a sufficient
compression on the concrete as shown the chances are that we will be able to close these

cracks.

And once we are able to close these cracks half a four battle as far as reducing the rates
of deterioration has been one because these cracks are not only melodies from this
structural point of view themselves. But, also provide easy ingress to deleterious
materials such as carbon dioxide and air water may be chlorides into the concrete and
that accelerates the deterioration process.

If we are able to close these cracks we are at least be able to slow down ingress of these
materials into concrete, and how can we induce this kind of compression is what we get
when we externally is stress or this what is called external pre stressing, out cable pre
stressing. Now, without getting into the details of this output cable pre stressing because

if talked about a little because we have talked about at earlier in this cores.
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prestressed Concrete cast, and stress transferred to
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After conerete is cast normally leaving ducts
within. tendons are tensioned after curing of
conerete — inducing compression in concrete

Post-tenstioned
prestressed

Externally
tenstioned
prestressed

Prestressed tendons placed outside concrete
No continuous bond

We will just recall pre tension pre stressing, where reinforcing tendons are tensioned in
stage one concrete is caused and allowed to harden and then this stresses transferred to
concrete to induce compression. As contrast to post tensioned pre stressed systems where
concrete is cast normally leaving ducts with then tendons or placed within these ducts
and tension and after curing of concrete, and once the tension is removed using

appropriate anchors at the ends the concrete is placed and compression.

Externally tension pre stressed which is often interest to us now in these kind of
externally tension pre stress systems which are often interest from point of view of repair
in rehabilitation of structures is a system, where pre stressing tendons are placed outside
the concrete and there is no continues bond. Once these tendons are outside of course,
they have they merit that any problems in terms of maintenance can be actually

monitored at the points of anchorages points of supports the tension in these tendons and
SO on.
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In our discussion today, we will focus on

a) Some of the common methods of repair and
rehabilitation, and,

b) Quickly run through some results from a
laboratory study on repair methods and their
efficiency

So, what we had said at the outside today that we will focus on some of the common
methods of require in rehabilitation and that something which we have now completed
having gone through a verity of methods which are used or can be used in concrete
structures apart from simple method a part from simple methods such as impregnation of

cracks application of coating pleasing and over lay and so on.

We will not gone into the details of these methods, we will not gone into the design of
these methods and that something which is very very important. One can imagine that
each of these methods has a structural implications, when we are talking about of fiber
rap, when we are talking of RC jacketing, when we are talking of m s plate bonding get

tend to alter this structural behavior of the members and therefore the structure.

So, any such method the use what kind what time what nature and so on must be decided
by a structural engineer or in consultation with structural engineer, who should s s the

implications of carrying out this maintenance action on the behavior of the structure.
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Quickly run through some results from a
laboratory study on repair methods and their
efficiency

Now, having said all that lets quickly run through some results from laboratory studies
on repair methods in their efficiency which will give you an idea as to what is the kind of
work that needs to be carried out from an engineering point of view to better understand
the different materials and their efficiency as far as repairing and reinforcement of

concrete structures is concerned.
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An Experimental Study to Evaluate Failure Surface of
the Concrete-Repair Material Interface

Harsha P SOORIYAARACHCHI,

Tsugio NISHIMURA, Sudhir
MISRA and Taketo UOMOTO

Seisan Kenkyu (Journal of the Institute ofthe Industrial Science,
University of Tokyo), Vol 54, No. 6., November, 2002 pp 56-59

What we will talk about is two studies the first one is an experimental study to evaluate

failures of surface of the concrete repair material interface and this study was published



is sank think you which is a general of the institute of industrial science university of
Tokyo, some time ago now if you look at are reinforced concrete beam with a repair as

shown here.
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Figure 1 Schematic representation of a repaired RC beam

Q Different combination of stresses at the concrete — repair material interface.
depending upon the extent and location of repair.

Q Compatibility of repair material with parent concrete in terms of material
and mechanical properties for effective repair needs to be ensured.

Q Appropriate FENM modeling of bond to simulate the behavior of repaired
structural members.

What we understand is that the behavior of this beam after it has in repair would change
depending upon factors such as the location of the repair whether it is from the top face
that the compression the void it shown or the bottom face which is the tension face the
location of the repair, whether it is in mid span or closed to the supports the depth of

repair and so on.

Apart from all that it will obviously depend on how they would concrete and the repaired
surface bonds that is the interface of the old surface in the new surface so as a part of the
study with discussion really in this in this research work was focused on an
understanding of the interface and different combination of stress of concrete can be
expected depending on the extent on location of repair in this portion here we would
expect a certain state of stress if the repair was being at carried out at this point we would

expect another point kind of stress and so on.

So, really need to understand how the interface behaves under the action of different
stresses so compact ability of repair materials with the parent concrete in terms of
material and mechanical properties for effective repair needs to be ensured and of course,

once we have the basic properties with us determined experimentally we could use final



element methods or any such program to simulate or analytically examine would

behavior of the repaired concrete beam.
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Steps in specimen preparation

The base concrete was cast and left to cure under gunny
bags for more than 28 days.

The surface was roughened using a water jet.

The repair material was then cast (or shotcreted) and

The composite specimens were left to further cure in air and
100% RH for more than 4 weeks.

Now, as far as the steps in the specimen preparation is concerned there is base concrete
which is cast and left to cure under gunny bags for 28 days the surfaces rough end using
a water jet repair martials caused or shotcreted with the composite specimen being left

further cure in layer for another 4 to 7 weeks.
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Pure Tension Test:

O Concrete prism of 500x500x80mm were cast, on which a 20mm layer of repair
material was shotcreted after appropriate surface preparation. '

Q Coredriving for diameter of 50mm in a manner that they penetrated at least
15-20 mm into the parent concrete.

Q A pull off test was then carried out.

) Concrens mock

) Suntace prepaation |

(€) Popalr matorial o ey

[ LU ST ————
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Paring e paired specimens in direct wnsion




And in this case different test was carried out for the pore tension test this here outlines
the basic process casting the concrete block of 500 by 500 by 80, on which a certain
layer of 20 mm of repair material is to be placed, the surface preparation is carried out
repair material is overlaid, and are drill is used to create a specimen which is shown here,
and then we carry out a full of tests a full of tests really means fixing up fixture on the
surface and trying to pull it of trying to ensure their by failure in this small
neighborhood, whether the failure occurs within the repair material or at the interface or
in the concrete. So, now in order to do that this depth that we make as far as the coring is

concerned is fairly important and this here shows of fairly specimen.
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Direct Shear Test:

—] (@) Concrate prism
Q Concrete Specimens of kﬁ*———ﬁj
100x100x400 mm was g ﬁ rJ ) L 0 e oo
prepared. VA /] 774

OA 100m long portion was cut
and removed from the middle of
this specimens.

O Repair material was then .

i oparstion

e
L
| comm

te specimen

shotcreted into this
100x100x100mm gap, to make
the composite specimen.

As far as direct shear test is concerned a concrete resin is cast the concretes from the
middle is removed and we and we can we carryout in a appropriate excise, as far as the
surface of the concrete is concerned cast the repair material here, and then finally,

subject this specimen to shear

It should be remembered that this process of casting the concrete prism and then
removing the concrete is not the same as casting this block of concrete and this block of
concrete first and then placing this repair material within the reason for that is that in
case we cast the concrete and then just place the reinforcing material, and then place the

repair material within the block.



We would not be doing any surface preparation of the concrete the concrete at the
surface would not be really the same as the concrete that we would get of the removing
the concrete which is originally cast. So, these are some fine differences or points that
one must remember when we are doing in a experimental work, we must try to simulate

the actual or the field conditions to the extent is possible.
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Combined Shear and Compression Test

O Cylindrical specimens (75m diameter
and 150mm long)was prepared.

U The cylinders were cut at 30 degree to
the longitudinal direction. -

O The concrete was replaced by the
repair material.

When it comes to combined shear and compression test a cylindrical specimen 75
millimeters in diameter in 150 mm long was prepared the cylinders were cut at a slope of
30 degrees to the longitudinal after whatever surface preparation has to be done the
cylinders were recast using the repair material. So, we cast the cylinder here remove part
of this cylinder and then fill this part with the repair material and test this composite

cylinder and see what happens at the interface as far as failure is concerned.
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Table 2: Properties of concrete and repair material used

Material

Compressive
Strength (M Pa)

Young's Modulus
kN/mm?

Poisson Ratio

Tensile Strength
(MPa)

/| Conerete

38.8

29.0

0.2

4.15

!] Repair Material

105.2

336

0.24

6.67

Table 3: Failure loads in bond tests

Condition

Failure Load (kN)

Actual Values

Average

Pure Tension

33,414,408

3.84

Pure Shear

93.2,111.0,105.2

103.13

Compression and shear

202.7,188.7,192.5

194.63

These are some of the results which have been obtained from the pure tension pure shear
compression and shear values for different surface preparations the values are different
and of course, these are the results for the compressive strength young’s modulus
poisson ratio and the consult strengths of the individual concrete and the repair material.

So, we can see that the compressive strength of the repair material per say is much higher
than that of concrete. But young’s modulus the poisson’s ratio on the tensile strengths

parameter not so much a part.

(Refer Slide Time: 35:52)

Department of Civil Engineering
Indian Institute of Technology Kanpur, KANPUR

Behaviour of repaired RC
Beams Under Cyclic Loading
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Now, coming to another experimental work which was an extension from the previous
one where we studied the interface this one was behavior of repaired RCB in general

cyclic loading this was also published in the Seisan Kenkyu.
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Q Eightrepaired beams and non-repaired control beams were
subjected to fatigue test.

QO Two repair materials were used.

0 Beams were repaired over a length extending to 80% of the span.
Q The depth of repair was kept at two levels:

(a) Cover thickness plus about half the diameter of the bar | : |

(b) Extended 20mm beyond the reinforcing bars.

Table 1; Experimental programme for structural testing of RC beams

Repair Material Location of Repair Depth of Repair

| Cement Based (A) Compression Face (C) Only up to Reinforcement level
= ()
| Polymer Based (B) Tension Face (T) Extending 20mm heyond

s repair level (2)

Note: Control Beams cast using only concrete were also tested for reference.

Here, eight beams were repaired and non-repaired control beams were there and they
were tested to and they was subjected to fatigue that is repeated loading, we used to
repair materials and the beams were repaired over length of 80 percent of the span the
depth of repair was kept it two levels the cover thickness plus about half the diameter of
the bar and in another case the repair thickness extended 20 millimeters beyond the

reinforce in bars.

Now, this is similar to the kind of discussion that we had earlier about a good repair and
bad repairs system in one case, if this is the bar the repair material was caused up to this
point which is the cover depth plus half the diameter of the bar in another case the repair
material extended all the wave beyond to the extent of 20 millimeters behind the bars,
and as we said there were two materials used one was cement based and the other was

polymer based.
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Details of specimens used and specimen preparation:

1. Beam Section: Under reinforcementsections
2. Main reinforcement: 1.18 %

3. Neutral axis to Effective depth ratio (x/d): 0.24
4

. Shearreinforcement: Nominal.

e— T -
D6 -

170
180

Figure | Dimensions and reinforcement details of RC beams used

This is a typical sketch or the diagram which shows the dimensions and the
reinforcement details of the reinforce concrete being used the beams were all under
reinforced with the main reinforcement of about 1.18 percent, the x by d which is the
neutral accesses to the effective depth of ratios about 0.24, nominal used nominal shear

reinforcement being used these beams were finally tested for fatigue.
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Steps for preparing the repaired beams

1. The original concrete beams cast using an appropriate
thermocoal piece at the location to be later covered with repair
material. This beam was cured for 4 weeks under wet gunny
bags, before the thermocoal was removed.

. The exposed concrete surface was roughened using a high
pressure jet.

. Primer was applied on the concrete surface to improve the bond
between the parent concrete and the repair material,
4. Repair material was then applied by shotcreting,

The original concrete beam were cast using the appropriate thermo coal piece at the

location to be later covered with repair material is thermo coal peace was obviously



removed and then there was obviously removed at the time of placing the repair material,
the beam was cured for 4 weeks the exposed concrete surface was roughened using a
high pressure water jet and primer was applied at the concrete surface to improve the
bond between the parent concrete and the require material, and that is typically done
even when we are carrying out the repair in reinforcement work in a site, and the repair
material was applied using shotcrete. Whether, it was cement based or it was polymer

based in this case the repair was done using shotcrete.
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Conditioning and Testing: —~ ELS‘*

LoV A

0 Four point loading with an a/d ratio of 5.1.

Q The upper and lower limits of the fatigue cycle tests were set at)
20%~75% of the maximum static load carrying capacity of the
control beam determined separately and the loading applied
without load reversal at a frequency of 1.5 Hz.

O The deflection was measured using a transducer.

Four point loading test was carried out using an a by d ratio of 5.1. The upper in lower
limits of fatigue cycle tests were set at 22 to 75 percent of the maximum static load and

the frequency of load without load reversal is 1.5 hertz.

So, this really describes the fatigue test so we should remember that if we without getting
into the details of fatigue tests were carried out how they should be carried out we just
explained, the principle of fatigue test here when we are testing a reinforced concrete
beam in static loading forget about fatigue loaded if its static loading, what we do is keep
increasing in this load till the beam fails now in a fatigue load or repeated application of
load we increase the load two a certain level and then cycle the weight is shown.

Now, this level which is the maximum load level has been kept at 75 percent of astatic
load carrying capacity of the beam if this load level here is allowed to come to 0 and in

fact the load could be a applied from the other side and that is what is going to happen in



a true reversible test of a reinforce concrete beam, where the beam is subjected to
loading from both sides and the top and the bottom loose there meaning in the sense that
when the load is applied one side a certain side is in compression and the other side
being intension and if the loads being applied from the other side the tension in
compression faces change. In this case instead of being that without load reversal we
continued the load to be only in a manner that this does not happen and this face
continues to been tension all the time except that the extent of tension or the amount of

tension changes as the load is being applied.

Now, this load level was kept at 20 percent of the static load carrying capacity so with
this twenty percent and 75 percent serving as the bonds serving as the bounds of the load
applied the test was carried out and the attempt was to the term in the number of cycles
to failure the deflection as we were performing these test was also measured using

normal transducers.
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Table 4: Fatigue lives of beams tested

Beam Cycles to failure (x 10%) Fatigue life (% of control)
Control 1297 510 100
AT1 691 53.3

BT1 37.8 |
AC1 1575 121.4
BC1 365 281 [

3z2 24.8{
244 Y
AC2 997 |

BC2 756

Note: SpecimenAC1

A beam made using the cement based repair material (Material X'),

Repaired on the compression face (representedby‘'C’),

Repair extendingonly up to the reinforcement level (with the third character1°).

And, this here gives us the cycles to failure as far as the different beams are concerned,
so instead of this is and 1000, so if add in other three zeros. Here, 1.27 a 1.3 million
cycles for the control being this shows the number of cycles at which the beams failed
and this gives us the percentage of the fatigue life of all these beams. Now, we will not
get into the details of the discussion but, we must not that the values range from 18

percent or 18 and half percent to situations, where the beam has actually becomes



stronger than the control beam. One must remember that these are after all only single
beams that have been tested and that something which | wanted point out two flag to

you, the importance of actually carrying out test which are more in number.

So, that we are more confident about the repeatability of posttests about the reliability of
the results that we obtain. Except that in the case of fatigue testing to get even one point
takes a long time, if we are testing at 1.5 hertz or 1 herts and the test goes on for million
cycles | would leave it you to determined or estimate how much time has been spent
when that beam and all that experimental operators has been occupied applying the load
on the membrane, and in order carry out seven or eight tests to better understand the

different materials that are being used if their efficiency and so on.

It is a very very time consuming excises takes not only time, but all kinds of a other
resources, that is why it is important to understand to material behavior the interface
behavior in terms of numerical models supported by experimental results, so that the
basic design can be carried out based on the analytical results with the with only a few

points on the periphery or bench marks being established using experimental results.
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List some of the repair materials and their properties

Study the details of the methods of repair discussed —
the materials, procedure, quality control

Make a list of ten case studies of major repair and / or
reinforcement work and examine the details involved

Get information about design guidelines available for
repair and rehabilitation works

- ’_"\“;S/

Mention was made of a parameter ‘n.’d’_iﬁ the context
of testing of beams. What is the importance of this

parameter.

Let us take some things back home list some of the repair materials in the properties,
how they properties effect the interfaces study the details of the methods of repair
discussed materials, the procedure quality control, whether it is fiber rap, whether it is m
s plate bonding, whether it is RC jacketing, and so on it could make a list of ten case
studies of major repair on our reinforcement work which are reported in literature for
different bridges for different buildings and examine the details there are case studies

where crack injection and repair has been carried out on large damps.

We could get information about the design guidelines available for repair in
rehabilitation work. And lastly mention was made of a parameter called a by d in the
context of testing of beams, which were been tested for repeated loading. What is the
importance of this parameter if you would remember the value that was used in the
present study for a by d is given as 5.1. Now, what is the importance of a by d and y one
should use numbers greater than 5 when we are testing reinforced concrete beams a

something which you can in think about.

Thank you.



