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Outline of Module on
Structural Strengthening & Stabilization

* Introduction

+ Strengthening of beams and slabs
+ Strengthening of columns and walls
* Repair / strengthening of joints

- Control/contraction joints — e ——

- Construction joints Purpose, issues and
o remedies (good practices)
- Expansion joints :

- Girder-column connections / bearing pedestals

Hi, welcome to this lecture on joints and connection which is part of the module on structural
strengthening and stabilization. So here we will look at basically the purpose and the issues faced
and the remedies or rather good practices of various types of joints. So, when | say joints here, we
are going to look at control and contraction joints and then construction joints and then also
expansion joints. And then finally we will also look at the connection between the girders and
columns and what are the various durability related issues associated with them or bearing
pedestals and how we can repair them very briefly we will cover that.
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Fracturing/cracking of concrete

+ Concrete matrix can
- shrink and/or creep
- expand/contract due to thermal variations
+ Such movements can lead to fracture, if restrained
by reinforcement or other elements in contact
- More reinforcement ratio - Less cracking

— —
—— —

[
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NOTE: Crack width & crack density depend on various parameters

Peter H. Emmons.

Now concrete we all know can crack and fracture and why it is happening because concrete can
shrink or creep and here, I am not talking about the structural load-related issues but rather the
material properties where mainly shrinkage and creep plays a major role especially in the long
term and so concrete can expand and contract due to thermal variations also. Now such movements
can lead to fracture of the concrete if the concrete is restrained by the embedded reinforcement or

other elements in contact.

So for example very simple thing if you look at the pictures below you can see the one at the top
has more reinforcement ratio than the one at the bottom and in such a scenario, we can expect that
the one with the more reinforcement will have less cracking or to be precise maybe less crack
width. But the crack width and crack density also depend on other factors, so | am not getting into

more detail of those.

So these the red arrows here that you could spend these red arrows here indicate the direction in
which concrete shrink the one on the left side shrinks towards the left and the one on the right side
so that lead to the crack formation.

(Refer Slide Time: 02:33)
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Joints in concrete members

* Purpose of joints
- Permit movements and/or transfer loads
e s
~ Avoid cracking, curling, and warping—
* Types of joints
- Control / contraction joints
~ Construction joints

- Est@joints

Now, what is the purpose of joints in concrete members mainly the idea is to prevent movement
and or transfer loads. To prevent movements and or transfer the loads at the same time when we
do this we also try to avoid cracking and curling and warping. But also, there are types of joints
that we provide not to avoid cracking but to control cracking. So those types of joints are called
contraction or control joints and then we have two more types of joints that have construction
joints and the expansion joints.

(Refer Slide Time: 03:19)

Joints in concrete members (Cont'd.)

+ Control / contraction joints
- Not to avoid cracking
- But, to control the crack location
+ Construction joint
- Not for releasing stress
- Some types are designed for load transfer and some
types are not
« Expansion joint
- For relieving stress
- Separates the elements

Now joints in concrete members so these be three types of joints control joints, contraction joints
that can be combined, and then remember they are not to avoid cracking but to control the crack
location. So, wherever we provide those joints we force the crack to happen right below that joint.



In the case of the second case of construction joint they are not for releasing stress there are for
designed for load transferred actually through those joints the load can get transferred and there
are also some types of construction joint where we do not expect the load to be transferred across

the joint.

So, we will cover these things more detail later this slide just gives you a bit a summary of this.
And the main purpose of the expansion joint is to relieve stress and it does that by separating the
elements on either side of the joint and sometimes we also provide the expansion joint to prevent
the generation of the stress. Especially when we talk about thermal-induced stresses.

(Refer Slide Time: 04:31)
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3 ways of making a control/contraction joint @

* Tool joint, Saw-cut, and Zip strip
+ All these reduce the cross-section
- Increasing the local stress - forcing the crack to occur
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Premaided insert contraction joint

Now there are three ways of making control or construction so now we are getting into the first
type of joint which is the control or contraction joints. Three ways by which we can do this is tool
joint which is provided on the picture on the bottom left the first image which is this the tool joint

and then the saw-cut which is this and then the zip strip which is the third one over here.

So you can see there are three types of contraction joints or the ways by which contraction joint
can be formed but the purpose of all the three are same the idea is they reduce the cross-section of
the available cross-section across that vertical plane which when the load comes will induce more
stress right at that section and that section will lead to the cracking or it will crack before the

remaining portion of the concrete.



So this is the whole idea, the whole idea of providing the joint is to reduce the cross-section which
will eventually lead to an increase in the local stress and which will force that concrete right there
to crack before the other parts of the concrete can crack. So that way we control the location at
which the concrete cracks.
(Refer Slide Time: 05:57)

+ Slabs-on-grade
- Pavements
- Industrial floors

+ Adequate depth and
spacing are essential
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So, these are the examples of good contraction or control joints slabs on the grade you can see
three different ones. This one at the bottom left looks very good because it was made by a nice
tool which has that particular shape and not just a trowel but a trowel with a particular shape with
V groove in that and this type of joints can be provided or any slabs on grade kind of systems
industrial floors pavements and the most important thing here are the providing adequate depth

and spacing.

As | showed a picture in the previous slide so this is where on the right-hand side sketches you can
see that where we are providing induced cracking and the depth one-fourth of the total depth of
the element that is how it looks like this one here that is a typical or typical depth to which you
have to cut. So that you can induce the crack right below that. The picture at the bottom also shows
how the crack.



Once you cut the saw provide the saw-cut that portion should be filled with some material typically
an elastomeric material or a hard plastic also is provided. But the idea here is it should not be a
space for the soil to collect. So, it might not look good also, so you have to have that crack as it is.
(Refer Slide Time: 07:40)
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Crack can propagate joints are inadequate

+ Adequate depth and spacing are essential
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So, this is an example of a couple of examples showing inadequate provisions of these Saw-cuts.
What you can see on the three photographs on the top is that the crack like for example here the
crack follows here and then it just continues to propagate in this direction. So, when why that is
happening because it is inadequate and the shrinkage on the other part of the concrete is probably

more.

And then if we have, we were providing joint probably here, here like this then probably it could
not have this crack would not have happened rather than crack would have occurred right below
the new Saw-cut. Similarly, here also you in the second photograph also you can see that the crack

the spacing of the Saw-cut is inadequate so when and the third photograph also very clearly shows.

So here if this the Saw-cut was properly provided something like this we can see something like
this then you might not have had this much of cracking or the crack would be right below, and the
structure will still look without like a look like a crack-free structure.

(Refer Slide Time: 09:07)
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. C jOint WithOUt shear key NOTE: H - Horizontal; V - Vertical
- Butt type

- V movements / % O) i %

differential settlements
are possible

+ C joint with shear key =
- Tongue & groove type % W +
- NoH &V movements

+ C joint with bonded
rebars (tie bars) %

- No H & V movements

now let us talk about construction joints these are the joints that are formed by concretes which

are cast separately what it means is. In the previous one when we talked about control or
contraction join both the concrete on the left and right side of or either side of the crack of the joint
was the same concrete cast at the same time. But here the concrete which is cast the one on the left
side like this concrete is cast at a different time than this concrete.

So, the two are separate concretes the same design and all that but it has just cast at different times.
So, you have a very clear joint between so in other words when this is done it is mainly to help the
construction practices. So, to make it easy for constructing sometimes it is not very easy for casting
monolithic slabs, etc. So, we go for smaller elements like in precast concrete and so that is major
applications of all this and wherever you cannot really cast large sections in one go there we go

for this type of construction joints.

So, the first one is a butt type joint where the vertical movements are allowed which also sometimes
leads to problems like differential settlements, etc., which is indicated by those red arrows on the
first sketch. The second one is a joint with a shear key, | am talking here, the joint with a shear key
where it is like a tongue-and-groove type joint and I will show photographs later. So, in this type

of joint neither horizontal nor vertical movements are allowed. Very limited movement.



But it is theoretically it is not really allowed they are supposed to stay together and prevent it from
moving horizontally and vertically. And then C joint the construction joint with bonded rebars the
one at the third also sometimes known as tie bars not that these bars are not extending like here.
These bars are not extending they are only about maybe one to two feet across the joint. So, it is
not like a continuous bar which goes through the entire under the structural element, but it is just
at the joint like a dowel bar but not a dowel bar actually. So, no horizontal and vertical movements
are allowed in this case also.

(Refer Slide Time: 11:49)
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So, we will see one by one. This is the first one Butt-type construction joint basically stabilizes
how to most of the time we have this problem when these types of joints exit, | already told there
may be settlement-related issues. So, you can see the picture on the top left which very you can
see a settlement right here and such problems can be avoided by drilling a hole on the like this

here.

Drilling a hole here, you can see a drill a hole here and then grouts that subgrade below that slab
and then so that that will lift up the slab and then make it look at uniform surface. So, you can see
that bottom left picture there is not much settlement it is done by grouting.

(Refer Slide Time: 12:47)
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Stiffened subgrade

So, this is how it is done a sketch showing that the first image. it is the elevation of this butt-type
joint system or like a driveway imagine loose inadequate subgrade is shown and because of that
the slabs are settling, or differential settlement and it is an uneven surface. So drilled a hole through
the slab. On the second, the plan image if you look at the plan drawing you can see there are five
holes drilled or three on the Left slab and the two on the right slab.

It is just an indicating | am not saying how one should be 3 and one should be 5 or anything that
is just that you have to drill holes on either side and the spacing of the hole from the edge. So, this
is about 1 to 1.5 feet and whereas in the other direction, the spacing can be in the range of about 5
to 6 feet. So, the idea here is once you drill this hole you pump the grout the green color grout you

can see the green color indicates the grout.

You pump the grout into the space below the slab and then allow the grout to stiffen and then make
the ground stronger and it also helps to lift the slab upward and you get a flat surface or a horizontal
surface as it is desired. So, this is the whole idea behind this grouting the subgrade and then
stabilizing or repair practice like this.

(Refer Slide Time: 14:25)
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* Driveways, bridge approach roads
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So, these are some examples showing how this is done it is not only theory in practice it is widely
used, and we can use it in many places. You can see the picture on the left you can see lifting
practice going on here and here also you can see the person is drilling a hole and then pumping the
grout into the slab or the space below the slab and also not only the driveways there are also such
kind of projects are done on typically on the approach road slabs etc. or bridges or anywhere where
you have concrete slabs. These are done mainly on rigid pavement systems or wherever concrete
slabs and you might have seen somewhere we have problems on one slab settling more than the
others. So, if you want to level it this is a very good practice to adopt. Grouting the subgrade and

polymer type grouts are used of different types of grouts.

And so that you can lift and really penetrate into the soil material below and stiffen the soil material
and then make sure that until the surface of the concrete of both the slabs are even and that will
also make the rider comfort that will increase the rider comfort.

(Refer Slide Time: 15:52)
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Again, examples of construction joint with the shear keys. This is the second type of construction
join where we discussed this kind of shear key in couple of slides earlier where they are mainly
used in segmental bridges slab on grade and also on tunnel linings. So, you can see here on the
picture where you have segmental bridge you have shear keys like this is to avoid the vertical
movement of these segments.

So, you can see here also lot of the shear keys. | have seen many places where these shear keys
also are broken before the installation during the transport etc. And that is something which is very
important, and the people do not some | mean sometimes they do not give much care to these shear

keys. Because | have seen places where segments being erected without repairing the shear keys.

Let us say it is just, but it is not like that you have to have all the shear keys should be taken with
care they should not be damaged. Because if it is damaged then the purpose of the design is lost
and that is again when we talk about how to prevent its the concrete should be good enough to
resist the impact load or the shear resistance of the shear key region should be good enough high

enough so that they do not really fail.

So that is again designers’ job to ensure that the good resistance is there. This is the second picture
on the right side if you can see again a positive tooth here and let me show this one you can see

the negative side of it. So the right side shows the tongue and the other side shows the groove so



it is a tongue groove system so that these slabs can be used for this is typical precast elements for
roof elements or high-rise buildings. These kinds of elements can be used the one on the bottom it
is showing basically you can see here this is lining for tunnel segments you can see the slight step
on this and that kind of indicates the tongue groove system and the other side it will be negative
so it matched cast very nicely. So, these are some typical examples of construction joints.

(Refer Slide Time: 18:28)
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The second type of construction joins with the tongue groove system. Now examples of
construction joints with bonded rebars or tie bars so this is the tie bar | was talking about earlier
and it does not extend beyond a particular length typically one to two feet on either side of the
joint. Now they do not allow either vertical or horizontal movement. Because the vertical
movement is resisted by the shear resistance offered by the rebar and horizontal movement is

resisted because of the ribs on the rebar.

So, they just do not allow any movement and this is a good technique which where you have
difficulties in casting large areas and then you still want the same surface level to continue. So in
such cases, these types of joints are widely used you can see the image here where this surface
here is cast on one day and then after these bars are provided then the remaining part the bars will

be embedded in the other concrete which is going to come.



Then they provide good resistance again both vertical and horizontal movement. One very
important thing when we talk about this kind of joints is the concrete on either side even though
they are cast at different times they should be very well bonded otherwise what will happen is the
small gap or the cold joint which is formed between the two concretes will function like a fine
crack in the system and the reinforcement at the crack at the joint will be exposed to moisture and

then lead to localized corrosion.

So, to prevent such problems we have to ensure that these type of joins when we go for, we should
make sure that adequate bonding between the two concretes are there and one thing which we can
do is use bonding agents. So before placing the second concrete, you apply them in a bonding
agent on these surfaces this surfaces here you have to apply the good bonding agent. And so, all
these concrete surfaces which you see apply good bonding agent and then that will ensure that the

concrete and apply sufficient quantity.

So that it does not lead to any sort of moisture leakage throughout this especially this region you
have to really make sure that the water-resistance of the joint is very high. Otherwise, you will end
up having localized corrosion and once localized corrosion is there then these bars will not play
their role of shear resistance. They will be very weak in shear at that section. So that is something
very important to note down when we talk about this kind of joints.

(Refer Slide Time: 21:35)

Examples of construction joints with bonded
bars
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Now in this kind of joints, | just put this picture to show that there could be unparalleled rebars
you can see that these bars are not really placed in a parallel fashion. But in this case, because they
are really designed only for vertical shear transfer and it is not expected that these bars will be an
expansion joint type strength is movement in the horizontal direction so this could be in this case.

However, such the joints are NOT in such unparalleled dowel bars are NOT in the case of
expansion for this kind of construction joint it is, but not for expansion joint.
(Refer Slide Time: 22:23)
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Now expand now let us talk about those expansion joints. There are three major types of expansion
joints which I am going to discuss in this lecture. The first one is with the expansion joint with
shear dowels and before getting into that there we already talked. They are mainly used to prevent
or relieve stress by separating the elements . So there will be some space in between the elements
which will allow space means either it could be an air space, or it could be a space which is filled
with an elastomeric material or which does not develop much stress when there is a significant

strain.

So, we will see how that is done one by one so the first one is an expansion joint with shear dowels
where it allows the horizontal movement but not the vertical movement it is not designed for

vertical movement. So horizontal movement is allowed like this you can see here that is allowed



and expansion joint in the second one it allows again both horizontal and vertical movement in

this case here.

And then expansion joint in the third case where it allows only horizontal movement and not the
vertical moment. So we will cover these three and in the second case, | must mention this even
though when you talk about the second case the vertical movement is allowed but there are other
systems which are put in place to prevent those kinds of vertical movements by other support
systems which | am not going to talk here | am going to focus only on the joint area how they look
and all that.

(Refer Slide Time: 24:14)
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So, let us talk about this dowel bars or the expansion joint with shear dowels.
(Refer Slide Time: 24:24)



Dowel shear device
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The picture on the top left you can see a wheel load moving towards the right and then is an
approach slab and a leaving slab and where you can very clearly see a settlement over here. Now
you can think about that we when hits the leave slab you will hear it is a discomfort to the rider
and it might also damage the wheels in the long run maybe. But this is not something which is
come which is good or comfortable for the rider. Imagine the case of a concrete highway if every
slab you have this problem you hear this sound tuk tuk tuk tuk sound every slab and that is not
something which is comfortable. So, you have to have a smooth transfer from one slab to the other.
So that is shown in the second picture here which can be possible by providing dowel bar 100%
load transfer from one side to the other and also you have a smooth movement of the wheel from

one side to the other.

Now main thing about this dowel bar is it must be free to slide inside the concrete free to slide and
it allows the two slabs to move horizontally and independently. It is very important it move allows
the horizontal movement and also the independent movement of these two slabs. So, because of
this, it does not allow the stress to be developed so it does not; so, there is sufficient movement
possible. So, the two slabs do not come and hit each other, and it prevents that stress generation.
(Refer Slide Time: 26:07)



Typical dowel shear device

* Easy sliding
* Parallel placement
+ Corrosion protection

+ Ribbed bonded sleeve

- Ribs on the sleeve to enhance its grip with concrete
+ Not dowel's grip

Extension cap and foam  Dowel

Ribbed debond sleeve with grease inside (yellow)

now typical dowel shear device looks something like this. This is the same picture which is shown
on slide one also. So, you can see it is not just providing rebar at the intersection it is you have to
have a smooth rebar which provides the easy sliding we call it dowel and then parallel placement
is very important. If you have multiple dowel bars you have to provide them parallelly otherwise

they will not function as a single system.

And it will the alignment of one will have an influence on the movement of the other . So, we will
cover these details in detail later, but these are the 4 major things which we have to think about.
Of course, it should have corrosion protection and also a ribbed bonded sleeve. So, the sleeve is
very important may need to protect but why I put this as a fourth point is the ribs on the sleeve is

also very important.

It is not just providing a sleeve but because then the sleeve itself might slide in the long run. So,
this you have to keep the sleeve in the same position in relative to the slab on the left side so it
should not move. So only the steel dowel should move inside so that yellow region here it indicates
the grease and the red one is the ribbed sleeve and then the blue is the extension cap and then the
green is the foam which is placed inside. So that the dowel can still move to the left without
creating any stress and we do not want airspace there something some material should be there so

that it is always better in the long. Because if you put air then the grease might flow from one side



and they will go and settle in that space, so you do not want any air space inside this that is the key

thing.

(Refer Slide Time: 28:05)
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Now dowel shear device layout how this is laid out typically as shown on the shown earlier also
the first drawing over here this indicates how that local settlement and how to fix the plan of the
slab is shown here how to fix. So, this is the top view of the dowel systems you can see all those
six horizontal darker regions indicate the dowel shear device or the dowel bars. And then how if

you look in an elevation of the system how it will look.

This horizontal thing here is a dowel bar this one is the dowel bar and then that is then covered by
a grout fill. So, this is a grout fill you can see grout fill and then existing concrete is this thing | am
going to show you for a sketch a photograph of a practical application after that it will be very
Clear.

(Refer Slide Time: 29:09)
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Dowel shear device - procedures
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How it is so you can see here these dowel bars slots are provided where depending on where the
wheel path or where maximum shear assistance is required. So you provide this dowel bar there
and then the second picture shows how the dowel bars are placed and then so you can see this blue
thing here that is also to show that the center of the dowel bar. So that it is not misaligned and then
finally that whole slot is filled with grout and then leveled and then that is the final structure.

You can see that a nice repair work being done here, and slots are filled with grout and after
diamond grinding to ensure that there is no unevenness right where the slots are. So, let me go
back to the other picture. So, if you can look at this again you will know very clearly how the
system is . So, the concrete slot is actually filled with the grout this portion is filled with the grout
after placing the dowel bar.
(Refer Slide Time: 30:18)



Types of dowel shear systems

+ Rebar dowels
+ Square dowels
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Now there are different types of dowel bars available the two of them rebar dowels and square
dowels I will show two more in the next slide. But let us look at these two first. Rebar dowels are
the most widely used one you can see the ribs over here as | discussed earlier, and this is the cap
which is provided and then this is the rebar dowel how it will look and so that green color bar
which you see there | mean it looks it is an epoxy coated dowel bar which there are problems with

such type of bars | am going to discuss that later.

But as for a representation purpose | just showed this epoxy coated dowel system here so this
should be covered with a plastic sleeve which will have a longer life and a cap and maybe you can
put grease also inside and then the right one shows a square dowel you look at the shape of this it
is a square not a circular one so essentially it is a highly shear resistant material which is steel
provided here in different shapes, different cross-sectional shapes and here also this portion has
grease inside. So, they really help in providing that shear resistance and at the same time allowing
the horizontal movement.

(Refer Slide Time: 31:51)
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Now, these are two other type plate dowels where it also comes in general in diamond and square
shape. So it is up to the engineer’s choice what is the best for each particular project but most of
them work in a similar way it depends on how much spacing etc. you need to have or how much
movement you need to allow things like that. So here also in this dowel the plastic sleeve or in a
plastic sheeting or covering you have and that if you provide enough grease inside that will provide
enough flexibility or movement to the system.

(Refer Slide Time: 32:26)

Challenges
- Dowel misalignments

NPTEL

Plan Plan Plan

—

+ 4 4

Horizontal Longitudinal Horizontal
translation translation skew /

Section Section
o faV

F I

\NJ
Vertcal Vehttal
translation tilt

Tayaty. § D Dowel Piacement Tolerances for Concrete Pavements. In Transportaton Research Record 1062 TRS Washngion 0 C_ 1966, pp 47-84
USDOT FHWA 2019)

Now let us look at the some of the misalignment we are going to focus more on this rebar or the
circular type dowel sphere systems in this lecture. The other three like the square and the plate

dowels I just showed as an example to tell you that there are systems like that also available in the



market. So, dowel misalignment you can see here there are five different types of misalignment

possible and they will have impact on the poor performance.

So first is horizontal translation you can see this unfilled rectangular region indicates the expected
or the original location or where it is supposed to be, and the gray color region is where the dowel
is actually placed. So in all the pictures it is like that all the diagrams so you can see here there is
a horizontal misalignment and in the second case there is a longitudinal or in other words along
the direction of the dowel itself.

In other words, on one side the thick horizontal black line indicates the joint so this dowel on one
side you have less reinforcement than the other side than this side. So on the above the on one side
you have more reinforcement than on the other side which is also not a good idea so you have to
provide equal length of the rebar on to both sides of the joint and then here is the horizontal skew
where it is kind of dowel is moving in that tilted | would not say tilt but horizontally it is not in the

perpendicular direction to the joint.

So, these are all creating problems for the easy movement of in the direction of the dowel bar.
Now vertical translation so this the bottom two sketches drawings are showing the elevation of the
joint you can see this is joint now this is the joint and here also this is the joint you are talking.
Now you can see here in the bottom left one you have vertical translation the dowel is actually
placed slightly above than where it needs to be and the last the fifth image fifth diagram you can

see that the dowel is in an inclined position.

So all these misalignments can lead to additional stresses when there is a movement of the concrete
and it does not allow the dowel bars to move freely or slide freely inside the concrete that was the
first requirement for a good dowel design dowel shear device. It should be allowed to freely slide

inside the concrete.

So this misalignment if it is there it may lead to especially the horizontal skew and the vertical tilt
they will lead to additional stresses and it might form something like this also you can see here

especially on the left side you can see that these are mainly caused because of the vertical tilt and



while there is a movement they try to push the concrete and then damage the concrete surface. So,
this is not something which is always acceptable.

(Refer Slide Time: 36:08)
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So, we have to see how to ensure that this is not happening. So parallel alignment of dowel bars
are very much essential it can be done either in a manual way like it is shown in the left picture
photograph or on the or use a dowel basket which is kind of an automatic system where you place
the dowels and it ensures that all the dowels are placed in a parallel way like you see on the picture
of photograph on the right side.

(Refer Slide Time: 36:37)

Corrosion of epoxy coated dowels @ @

NPTEL

24 i'g
- . 3 "
- v

N ‘-M ~-~“ e !
Corroding epoxy coated dowels

hittps /www fhwa dot cim




So this is a picture showing how badly a dowel bar can corrode you can see here severe corrosion
and even this bar is also started corroding this is actually an epoxy coated system with a cap etc.
to prevent the damage on the corner but it did not really work out very well detailed study showed
that these kind of bars can also corrode because even though it is epoxy coated we are using this
for this is a system where the epoxy the coating surface is rubbed against the concrete on a regular

basis.

As there is an expansion or contraction the concrete surface actually rub a is rubbing the epoxy
coating and eventually because the epoxy coating may not be highly abrasive the system it will
crack or the damage and then after that then the moisture will get in and then it will start the crevice
corrosion and then or under film corrosion and that corrosion is much worse and you will expect

localized corrosion.

So, this is not something which is recommended even though you will see in many places epoxy-
coated dowel bars are used. | would request not to use such bars because even if at the time of
placement even if they are very good coating. Because the design itself has this shear in parallel
to the surface of the coating or there is a significant abrasion happening during the life of the
structure there is a high tendency to crack this epoxy which will lead to corrosion in not very long
period of time very short period you can expect this corrosion to happen.

(Refer Slide Time: 38:33)
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So what is the impact of that corrosion | have shown the same picture on this again on the left side
because corrosion leads to expansive stresses the corrosion products have a larger volume six to
eight times more volume than the steel then they expand significantly and because of that
expansion the entire joint gets locked. So, the whole purpose of sliding of the dowel bars does not

happen anymore.

The bars are now locked because of the rust formation around the bar and the space whichever is
provided is filled with the rust and it cannot move anymore. Now what happens because the lock
joint is locked right now the new cracks will form as you see on the second picture so you can see
here the new cracks are formed here . So, these new cracks are formed and right where the dowel

bars end.

So if you look at the spacing here let me just erase this yeah if you look at the spacing here from
here to here it is the length of the dowel bar on one side or half the length of the dowel bar so
exactly along that the ends of the dowel bar you can see the crack forming like right here . Now
that is because all the dowels are locked now what happens is after these cracks are formed there

may be a reduction in temperature or some shrinkage it can happen.

At that time what will happen is it will crack a widen that crack it will widen this crack this crack
will get widened let me erase this so that you can see it. So, the crack will get widened and the
third picture is also showing widened crack. The third photograph here you can see the crack is

really widened | know it is a new crack which is formed is actually widened.

So, this is not something which we always want so and then eventually once that happens there is
no more shear resistance for that location and then it will start deflecting and settlement and all
that will happen.

(Refer Slide Time: 41:14)
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So what is the way out is either provide a steel dowel bar which is having a corrosion resistant
steel and at the same time provide a durable plastic system which will have a ribs also to make
sure that the plastic is staying the sleeve is staying in one place in relative to the concrete on the
left side and provides some grease inside and a form inside at the end of the sleeve to provide a
proper cap which is the green color and the blue color over there on the photograph in the sketch

and then other way of doing is stainless steel dowels.

Before going further, I would also like to say that this portion should also be with some elastomeric
material so that it if it is provided it will prevent the entry of other soil or water etc., to this to that
intersection. So, this is very important to protect that intersection then also other ways are stainless
steel dowels and nowadays we are also getting FRP dowels which are claiming to be corrosion
resistant. Yes, metallic corrosion is not there because it is not a metal but at the same time you
have to look at chemical deterioration of this FRP dowels .

So are they really resistant against the highly alkaline and moist environment which is present at
the joints and what is the life of these dowels for that lifetime expected lifetime will this FRP stay
in that is another big question and that must be checked before we straight away moving from steel
dowels to FRP dowels. So, this must be put in the tender specifications etc., then only you will be

able to really get that good quality product at the end .



Now let us summarize what are the key mechanical and durability features of good dowel shear
devices. The dowel bar itself should have a smooth surface so that it can slide easily they should
be placed in a parallel fashion otherwise if there are misalignments it is not going to function, and
it will lead to mechanical damage or stress generation and local stress generation or prevent the

sliding etc.

And then corrosion protection system you can use a corrosion resistant dowel material and at the
same time use a good quality sleeve system or a corrosion protection system. Now what are those
good qualities there should have a rifts which keeps them in place or provide good grip with the
concrete the adjacent concrete and it is not to provide grip for the dowel but to provide grip for the

sleeve .

Now enable the placement of the grease when you in place this is for a repair system. So there
should be you should be able to do the placement of the grease and then cap to seal the grease and
then good quality plastic for long-term performance and | would like to add this also this entire
region should be grouted and if it if you are talking about a new construction then this region
should also be perfectly protected from entry of moisture.
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Now let us go into the second type of expansion join which is mainly free space we are not free
necessarily a space between two concrete elements where it allows the expansion and prevent both
horizontal and so allows both horizontal and vertical movements .

(Refer Slide Time: 45:21)

®

NPTEL

Inadequate expansion joint systems (cont'd.)

* Blow-up due to the unwanted collection of
incompressible debris inside the unsealed and
open joint

hittp www i comvnews-aricles

So typically, this is how an expansion joint. | am going to focus more on a bridge structure in this
section because that is where this is creating a big problem. So, | am going to show you a few
slides with inadequate expansion joint systems. The first one here on the left side you can see a
photograph where the blow of the photograph where the expansion joint itself is filled with debris
like a soil or even the aggregate fine aggregate particles or the between particles from the road
surface itself is coming and settling inside this expansion joint or the bridge surface is settling

inside the expansion joint and the joint which is an unsealed joint and an open end.

So you can see that now actually speaking the when there is an expansion this material the debris
inside the joint is not going to allow that expansion to happen and it will build the stress and
eventually you can have scenarios like this significant blow up , so this is possible if you do not
clean the expansion joint or keep it free of debris it is very important.

(Refer Slide Time: 46:34)
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This is also something similar happened you can see the girders also blowing up because of it so
now you can imagine how much is that stress developed because of the thermal expansion so you
have to provide sufficient space, or provisions for the concrete elements to expand without creating
stress . So inadequate to overlay design is also another example sometimes | have seen places
where the overlay is continuous without really having a joint. So that is not really a good practice
you if you are saying an expansion joint it should look like an expansion joint.

(Refer Slide Time: 47:21)

Inadequate expansion joint systems (cont'd.)

+ Damage at the
expansion jointona |8
bridge-approach road
joint system

- Strength versus

Toughness / crack
resistance

- Unwanted soil inside
joints

Approach road

Now inadequate expansion joints damage at the expansion joint on a bridge approach road system
you can see here where you have significant cracked concrete at the expansion joint. Here because
yes, a strength is very important but at the same time toughness of the concrete is also equally



important if you want to prevent cracking of that concrete and also you can see unwanted soil, or

inside the expansion joint.

So basically, this whole joint area is completely filled with soil which or sand which is going to
prevent the expansion and then it is going to induce stress on the elements. So that is not something
which we want to happen.

(Refer Slide Time: 48:14)
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Yeah now | am going to show you other example of corrosion of expansion joints materials.
Because in this particular case this is actually a photograph taken during the repair work or just
before the repair work during an inspection we can see soil was filled in these joints and what
happened is once the joint is filled with soil or debris during the rainy season or somehow if water
gets in there that water will not drain out. It will stay there for long period of time which will then
lead to corrosion of the metallic materials or the join system itself. So, which is not advisable to
happen so what are the things which we have to do is. Make sure that these foreign materials or
the soil whether it is soil or bituminous material from the overlay whatever that material we should
not allow them to enter the expansion joint. If we allow them, make sure that there is a routine

cleaning process and provide adequate drainage.

So that there is no water stagnation in that expansion joint. So this is very important now if there

are expansion joints with open joints what we should probably do is, do something so that we



provide a sealant or some system so that either we prevent the soil or this material debris to enter
that place that can be done by providing a sealant or make sure that we have a routine cleaning

processes in practice.

That is probably the first one is more efficient and easier to practice because of the manpower
shortage. The first one is probably more easy to practice rather than having somebody routinely
keep on cleaning and then you need another person to check whether it is happening all that in a
managerial perspective it may not be a good idea. So, it is better to see provide a sealant so that
you can prevent this problem elastomeric sealant so that you can prevent this problem.
(Refer Slide Time: 50:25)

P

Inadequate expansion joint systems (cont'd.) \@

NPTEL

* Dripping of water through the joints cause corrosion
of reinforced concrete elements below

e y— =
} - e n WA
L

Now this is an example where when water stagnation this is an expansion joint you can see here;
I will talk more about this type of joints later. But this photograph very | found it useful to show
how the presence of water can lead to corrosion of the rebars. You can see right where that
expansion joint at that rebars at those locations are corroding heavily this is not something which
is good. So, this need to be addressed or we have to make sure that the water is drained off
completely.

(Refer Slide Time: 50:57)
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These are examples showing some mechanical damage because of improper designs etc. You can
see complete misalignment of the different elements of the joints in each of these photographs and
degradation and also here in the top right one this is an example where the overlay is kept
continuous. So definitely it is going to crack like this in a non-uniform manner which is not
supposed to be like that it. If there is a joint, it should be kept as a clean joint with some well-
designed material in place not just filling up with the overlay material.
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So, to summarize what are the different problems which the expansion joints face. One is an
inadequate width in some times which will lead to blow-up and other is the airspace of joints

getting filled with soil or debris or aggregate materials from the fine material from the overlay etc.,



getting into the airspace and then the repeated loading conditions and cracking of the concrete.
Because you might have fatigue and impact type of loading for which the toughness of the concrete

or the material in that region should be high not only the strength.

Then the stagnant water and corrosion of metallic joints and so the water in the expansion joint if
it stays there then that will give sufficient moisture for the metallic elements to corrode and so
inadequate drainage system. Then water stagnates at the top surface of the bends or girder these
are the elements which are below the expansion joint and that can also corrode. So, you have to
make sure that the water is drained out completely from the bridge or the structure you are talking
about and also some of the mechanical damages.

(Refer Slide Time: 52:57)
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So, let us see some good construction practices and repair so depending on the case | am showing
here the technologies available. So as an engineer you can decide whether it is for new construction
or for a repair so all these can be also adopted for repairing the existing system, so | did not want

to really create separate things for that. So, | am just showing all the good construction practices.

Now first thing is filling the elastomeric material so strips as | showed earlier also there are open
expansion joints those can be filled with the elastomeric materials which will allow the concrete

to expand at the same time not allow them to generate stress or preventing the stress generation.



So very clearly, I want to say that you do not want an expansion joint with air and open if you are

talking about an outdoor expansion joint you do not want air to be in the joint.

You want to fill that space with some other material which can expand and contract without really
generating stress. So elastomeric materials are the choice here and what it does it prevents the soil
or debris from entering the joints or gaps and at the same time it provides sufficient compressibility
without generating stress on the concrete.

(Refer Slide Time: 54:25)

Good practices for construction and repair of £ \
expansion joints "

+ Use strip seal joint systems for wider gaps
* Provides good drainage of water

——— P

®

NPTEL

s, 4 g comidata BOMF IMY. 26 797504/16mm. - anchoring-10d-s¥1p sea-expansion md or-bridge-500x500 g

now other option is if you are talking about slightly wider gaps then you can provide strip seal
joint systems these are a little advanced joint systems is to play exclusively designed for this and
it provides good drainage of water | am going to show more photograph and sketches in the coming
slides you can see advanced systems here.

(Refer Slide Time: 54:50)
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And this is how it looks so you can see here this this portion here. this is the portion which allows

that expansion to happen at the same time contraction if they have expansion contraction to happen.
But at the same time this portion here allows the drainage to happen so the water can drain
horizontally and the transverse direction or along the joint it will drain and then it can be taken out
of the bridge structure without allowing the water to fall onto the bends or columns below. this is
very important, so very good designs provide good drainage system and especially useful for wide
gaps when there is a requirement mainly for long span joints.
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So, these are some of the sketches showing typical designs like that you can see one on the left
side. It allows significant compression and expansion so when you have a long span structures



these things become very useful to provide that large expansion or the gaps or width and here it is
a moderate system where you can again enough space for water to drain. Here also water can drain
easily, and it can take to the end of the joint.
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Now this is again another type of joint which are also known as finger plates where you will see a
lot of interlocking metals look like again a teeth system interlocking metal teeth. So, this is also
used when you are talking about large gaps or wider gaps.
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You can see these are the real examples. So, you can see here when you have wider gaps this kind
of systems are very useful. Different sizes it comes in different sizes the length of the teeth will



depend on how much expansion you need to allow. At the same time why this heavy-duty steel
because you want to ensure that there is no vertical movement. So, there should be a smooth
transition the traffic should move easily without any vertical movement. So, these steel pieces
provide that good support for the traffic the vertical support at the same time allowing the concrete
to expand and expand as and when required.

(Refer Slide Time: 57:35)
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This is another good practice make sure that the expansion joint is extended by crossing the
sidewalks and railings . You can see here it goes all the way to the end of the bridge or in other
words all the way to the edge of the bridge not the end of the grid but edge of the bridge and this
is a view from outside you can see here this joint is taking the water all the way to outside. It does
not allow that water to fall on the girders bends and columns below.

(Refer Slide Time: 58:10)
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So then again, another example where you can see there is river below or a water body. So this
expansion joint it carries all the water and then it is taken out and it is not allowing that water to
fall on the girders, vents and columns below which is essentially making the bridge watertight or
watertight bridge expansion joints. So, this is something which we have to really look for because
if you look at the bridges most often the failure happens at the durability related issues happen at
the expansion joints and we have to protect those systems.
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Now another type of joint is the expansion joint is the bottom one which allows horizontal

movement but not the vertical movements.
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So, I am going to show example first the principle here the idea here is to allow this to create new
expansion joint at the point of zero moment . So that across the joint there is no real requirement
for moment transfer but there is a requirement for shear transfer. So, if you look at very carefully
you can see how it is done, this step design. So, it prevents the vertical movement but at the same
time allows the horizontal expansion of the system on the left and right.
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So some examples you can see here as a repair thing if already constructed you have to make this
huge cut and large source are actually used in many places where designer might not have thought
about this expansion or due to some problems in the construction material inadequate properties it
is actually expanding and creating more stress. Then the one way of fixing that problem is cutting



this making this expansion join and then allow that strain but not the stress generation or in other
words allow the concrete to expand. But provide in a free space so that concrete can expand and
not really generate any horizontal stress. So, this you can see this is the type of joint we are talking
about you can see here also | just showed some pictures so that it is clear for you . Now world over
it is this type of joins are used you can see this step type design, and which is done mainly at the
point where the moment is zero in a typical continuous beam system.

(Refer Slide Time: 01:00:54)
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And you can prevent the stress generation however adequate system must be put in place to prevent
corrosion of the reinforced concrete elements below how. | already discussed this, but we have to
provide proper expansion joint on the top surface. So that it prevents soil dust or debris from
entering the gap and at the same time with all the water is drained out adequately and not allowing
to drip like what you see on this picture. So, this is not something which is this should not happen
we do not want that corrosion to happen over there.
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Now if you are talking about steel bridges steel girders with concrete decks. So, | thought this is
also relevant for this picture because we are talking about concrete bridges even the girders
sometimes might be made of steel. So in such cases what they go for is this similar practice again
cut is made at the theoretical zero moment region and so that the moment transfer required is very

minimal or it gets nullified at this new cut which is made.

And then it transfers all the shear from left to right and now how it is done is like basically make
a clamp on both the elements. The beam is cut and then a clamp is made on either side and so the
left side beam is actually hanging on the right-side element. The red inclined line here it indicates
basically that hanging system this red inclined line indicates the hanging system plate hanger.
(Refer Slide Time: 01:02:37)
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Relieving stress in continuous beams/frames
(Cont'd.)

* Roller assembly and cantilever supports

- Allows easy movement during thermal
expansion/contraction
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So this is an example where you can see a plate hanger you can see a rod inside that red rectangle
you can see a rod over vertical rod which is basically hanging the rights which is basically hanging
supporting that system. So, there is a roller also.

(Refer Slide Time: 01:03:02)

Relieving stress in continuous beams/frames
(Cont'd.)
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* Pin & hanger assembly

* Preventing the pins from corrosion is essential
— Clean, paint, monitor
- Replace
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And now this picture is a plate hanger system where you can see the right-side element this element
is hanging on the left element . So, this plate is under tension so now the plate is under tension and
then you have two pins on the top and bottom of the paint of the plate. So that is this pin the

corrosion resistance of the pin is very important because this imagine this is the bridge element.



So, you will have fatigue type of loading on this. so, corrosion fatigue is very important to consider
in this and then these pins must be cleaned painted or monitored very well whether that is corroding
or not they must be free of corrosion. Because they might fail due to fatigue also so fatigue
corrosion is their key failure mechanism in this. So essentially my point is now the entire bridge
is now hanging on these two pins or each girder is hanging on these two pins. So, their corrosion
protection is very important.

(Refer Slide Time: 01:04:23)
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Relieving stresses in girders by using
steel rollers underneath

Fixed Roller
end support
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Now let me also talk a bit about the connections we were talking the relieving stresses in girders
by using steel rollers. So, most bridges you will see that there are rollers or sometimes rockers,
etc., to transfer the load from girder to the column and at the same time allowing that horizontal
movement so that there is no stress generation.

(Refer Slide Time: 01:04:50)
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could result in...
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* Reduction in bearing area

* Over-stressing of the top of the
abutment/pier

+ Stress concentration due to
uneven surface

+ Differential settlement of the
supported superstructure

Strengthen/replace immediately to avoid further
damage to maintain structural integrity of the supports
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Now the many places we have seen these systems because we were talking about the significant
localized the loading of this. Because when you provide that rollers it is essentially a local point
load acting on the pedestal so that eventually leads to failures like what you see on the photograph
here. So mainly because reduction in the bearing area it is a local load and our stressing of the top
of the abutment of the pier or the pedestal and leads to stress concentration because of uneven

surfaces etc., and then differential settlement of the supported superstructure.

When there is a movement like this the superstructure is also going to vertically there is a
movement for the superstructure. So that might induce some other problems to the superstructure
also. So before we leads to all such of all sorts of such problems, we should make sure that the
pedestals are strengthened or replaced immediately to avoid further damage to maintain the
structural integrity of the support and the both superstructure and sub structure elements.

(Refer Slide Time: 01:06:04)
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Relieving stresses in girders by using
bearing pads

+ Laminated (steel-reinforced) elastomeric bearing

- Multiple steel plates sand-witched between layers of
synthetic chloroprene rubber or natural rubber
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* For further details w:g

- AASHTO LRFD Bridge Consiiﬁlction Specifications,
Section 14 & 18
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Now typically what we see is everywhere people use this neoprene packs typically we call it
neoprene packs, they are basically heavy-duty industrial elastomeric bearings with steel
reinforcement inside. Typically plate elements or laminates. So, we can call laminated or steel
reinforced elastomeric bearings that is what is used. Basically, you have multiple steel plates which
are sandwiched between the layers of synthetic or natural rubber and for further details you can
look at this AASHTO LRFD of the bridge construction specification section 14 and 18 talks about
this.

(Refer Slide Time: 01:06:46)

A typical design of bearing pad system
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This is our typical design of elastomeric pad looks like. So you have a neoprene pad here with

steel reinforcement and then there is a steel plate stainless steel plate at the top and bottom and



then which is supposed to give sufficient resistance against horizontal movement etc. and that is
supposed to take the load.
(Refer Slide Time: 01:07:18)

@

NPTEL

Purpose of bearing pads and forces acting

* Purposes

- Provides flexibility to the bridge

- Transfer loads from superstructure to the substructure
* They take

- Compression

~ Shear

— Compression + Shear

— Compression + Rotation
+ Thermal/shrinkage/creep movements

+ Very important for the long life of bridges

- Mostly neglected because of low cost > but, larger repair
and life-cycle costs - “Low cost - high risk" elements

So, what is the purpose of providing this bearing pads is mainly to provide the flexibility to the
bridge and at the same time it transfers the load from the superstructure to the substrate. So,
flexibility is very important otherwise if everything is very rigid the structures different portions
of the structure will tend to crack. So, you have to relieve the stress somewhere so that is what this
flexibility means here.

So, these bearing pads provide that stress relieving mechanisms . So, they take compression load
they take shear compression plus shear compression plus rotational. Now where are these loads
coming from mainly because of the thermal shrinkage and creep movements of the movements
due to thermal expansion shrinkage creep of concrete and which sometimes take longer time to

showcase the problems.

| am going to show you some photographs of this later very important for long span of bridges and
very important for long life of the bridges not only long span | miss told that | mean it is very
important for the long life of the bridges. Mostly neglected because of low cost but larger repair
and lifecycle cost might be the result. So, these are elements which are low-cost high-risk elements.

So, enough care should be given for the for obtaining or for place in good quality neoprene packs.



Why | am emphasizing on this is many places we see that these parts are not given enough
importance and leading to failure premature failure and leading to replacement. | have even heard
cases where neoprene parts are being replaced in a frequency of 2 to 3 years so which is not at all
good practice you should have longer life for this.

(Refer Slide Time: 01:09:21)
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Types of strains experienced by bearing pads

+ Compression

* Shear

+ Compression + shear
+ Compression + rotation
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Now type of strain which these pads experience you can see on the first picture it is a pure
compression and then in the second one slight bulging you can notice here which is indicating the
shear in that region and so effectively you have deformation like this where both compression and
shear are there. The bottom left you can see shear this one and then bottom right you can see

rotation and shear .

So, these are different type of strains which are experienced by these elastomeric packs and they
need to be resisting these for long period of time. Imagine the number of repeated loadings which
are going to be happening on these bridges, so it is too large. So this prior element should be
because why it is not recommended to replace them many frequent is because it is a huge job to
replace these you have to lift the girder close the traffic lift the girder take the pieces out replace

with a new one.



Looks very easy but very tedious procedures and is very costly repair practice itself is very costly.
Even though the element replaced may not be very costly. So, it is better to provide good quality
durable systems .

(Refer Slide Time: 01:10:48)

Repair/Strengthening of the bearing pedestals

+ Damaged concrete at comners
+ Non-uniform contact

+ Can see through the gap between
>, the pad and concrete above

~ *+ Stress concentration

So, this is an example showing how badly these are done in some structures. So, you can see on
the left side here very classical shearing of that pad towards the left. You can see on the right image
you can see even the see-through | can see through this see here there is a wide gap here. So that
is basically there is no contact in some portions of the pads are just sitting there is no contact to
the girder above.

So, what it means is the portion which is in contact is now heavily overstressed or it is overstressed
so that is something which need to be avoided so there should be uniform loading. Even on the
bottom one also you can see there are some regions which are this portion here which is not in
contact, so these are not, and | just wanted to show you an example of how badly these things are

done in many of the structures.

So this at least when we go for repair, we should do a very good job in repairing them provide a
good quality neoprene pads and at the same time treat that concrete in a better way rather than just
placing micro concrete why | mentioned micro concrete. Nowadays most repair procedures they
just simply say we place the concrete with micro concrete that is not the idea.
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Repair/Strengthening of the bearing pedestals {4

+ Nowadays, poor performance of bearing pads is a
major issue in many bridges

~ Blindly replacing the existing concrete top with high
strength micro-concrete may not be a good idea

+ Understand the type of loads acting and then
decide on the repair materials/concretes

+ Strength alone may not be the criteria

so blindly replacing the existing concrete top or that concrete element witness micro with high-
strength micro concrete may not be the may not be a good idea because the problem in this concrete
IS not about the strength but it is about the resistance against the impact load. Because this girder
they have experience they experience impact loads and because it is a bridge girder, so number of

vehicles passes by and then you have impact and fatigue.

These are the type of loads which we have to look at. So, the toughness of the concrete should be
very high. So, first thing which when we talk about repair of these things is, we have to understand
the type of loads acting and then decide on the repair materials or concrete. Strength alone may
not be the criteria we have to look at toughness also.

(Refer Slide Time: 01:13:11)
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Repair/Strengthening of the bearing pedestals § %%

* Type, magnitude, and path of loads through the
pedestals and their failure modes
- Impact, fatigue, etc.
- Strength Vs. Toughness

+ Strengthening measures

- Injection grouting to ensure integrity and uniform load
transfer

- Then concrete jacket or FRP wrap g
* Ifthe damage is too severe, then
replace the damaged elements

FRP wrannad hearinn nedectal ..

So here it is very clearly said the type magnitude and the path of the loads through the pedestal
and their failure modes must be understood. You have to consider impact and fatigue loads strength
is important but at the same time toughness of the material is also very important of the concrete
material of the pedestal. What are the strengthening measures if you have already some cracks
visible first thing is to inject the cracks with grout to ensure integrity depending on how much

cracking is there?

If you are trying to retain the element this is the practice and so that once you inject the cracks
with grout you can ensure integrity and uniform load transfer, then you can provide a concrete
jacket or an FRP wrap it. If the damage is too severe then it is better to replace the elements rather
than going for repair.

(Refer Slide Time: 01:14:10)
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+ Control joints
~ Tooled, saw-cut, zip strip & Control the crack location

+ Construction joints
- Transfer loads (some do not also)
- Grouting the subgrade for stabilizing the slabs
+ Expansion joints
- Dowels - parallel placement and corrosion resistant systems
— Prevention of air space getting filled with soil
- Use of elastomeric systems
~ Drainage of water to prevent corrosion
- Prevent/relieve stresses
+ Beam-column connections / bearing pedestals
- Load types
- Strength and toughness

Now to summarize we talked mainly about different types of joints what their purposes are and
what are the deterioration or damage mechanisms and then we also talked about remedies or good
practices we talked about control joints, construction joints, expansion joints and also be in column
connections and bearing pedestals.

(Refer Slide Time: 01:14:36)
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And these are the references which we used and also, | provided all the references website links
from which various photographs were collected to make sure that you really understand and also
feel that the theory is actually being practiced. Thank you.



