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Module — 7: Transmission of Prestress

Lecture — 30: Pre-tensioned Members

Welcome back to Prestressed Concrete Structures. This is the first lecture of Module 7 on

Transmission of Prestress.
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Module 7-a (1™ Hour)

Transmission of Prestress
Introduction
Pre-iensioned Members

Transmission Length

Development Length
End Zone Reinforcemnt

In this lecture after the introduction, first we shall study about pre-tensioned members.
For this type of members, we shall learn about the transmission length, the development

length and the end zone reinforcement.
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Transmission of Prestress

Introduction

The stretched lendons transfer the prestress (o the
conchete ieading to o self equillbrating system. The
mechanism of the transfer of prestress is different in the
pre-iensioned and post-iensioned members.

The transfer or transmission of presiress s explained for
the two types of members separabely.

In a prestressed member, the prestress is transferred from the steel tendons to the
concrete. The stretched tendons transfer the prestress to the concrete leading to a self-
equilibrating system. The mechanism of the transfer of prestress is different in the pre-
tensioned and post-tensioned members. The transfer or transmission of prestress is
explained for the two types of members separately. First, it is explained for the pre-

tensioned members.
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Pre-tensioned Members
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Transmission of Prestress

Predensioned Members

Far a pre-tensioned member, usually there is no
anchorage device at the ands.

The following photo shows that there is no anchorage
device at the ends of the pre<tensioned railway sleepers,

For a pre-tensioned member, usually there is no anchorage device at the ends. The

following photo shows that there is no anchorage device at the ends of the pre-tensioned

railway sleepers.

(Refer Slide Time 03:04)

Fig Ta-1 End of pre-lensioned rallway sleepers
(Courtesy: Concrete Products and Construction Co.)




In this photograph, you can observe that the strands have been cut, and there is no
anchorage device at the end of these railway sleepers. This is an essential difference of

the pre-tensioned members, as compared to the post-tensioned members.
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Transmission of Prestress

Predensionsd Members

Far a pre-tensioned member without any anchorage at the
ands, the prestress is transformed by the bond betwean

the concrete and the tendons. There ane three
mechanizms |n the bond.

1) Adhesion between concrete and steel
2] Mechanical bond at the concrete and steel Interface
3) Friction in presence of iransverse compression,

For a pre-tensioned member, without any anchorage at the ends, the prestress is
transferred by the bond between the concrete and the tendons. There are three
mechanisms in the bond. First is the adhesion between concrete and steel. This occurs
due to a chemical reaction at the interface. The second is the mechanical bond at the

concrete and steel interface. The third is the friction in presence of transverse

compression.
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Transmission of Prestress

Predensioned Members

The mechanical bond is the primary mechanism in the
bond for indented wires, twistod strands and doformed
bars. The surface deformation enhances the bond.

Each of the cases ane explained next.

Out of these three components, the mechanical bond is the primary mechanism in the
bond for indented wires, twisted strands and deformed bars. The surface deformation

enhances the bond.
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Pre-tensioned Members
Pitch

Circular indentations

Examples of indented wires

Let us now see three examples of the surface deformations. In the above sketch, you can

observe that the wires have been provided with some indentations. The indentations can



be circular or they can be elliptical. The indentations are provided at a certain pitch. This

type of wires is better than the plain wires, regarding the mechanical bond.
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Transmission of Prestress

Pre-bonsioned Members

i

For a twisted strand, say a seven-wire strand, the surface itself is quite deformed, because
the individual wires are twisted around a central wire. Hence, the mechanical bond in a
twisted strand is much better than a plain wire. If a deformed bar is used for pre-
tensioning, the surface deformations on the bar help in generating additional mechanical

bond in the concrete and steel interface.
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Transmission of Prestress

Predensioned Members

The prestress is transferred over a cerain length from the
onds of the members which s called transmission langth
L)

The stress in the tendan (s zero at the ends of the
members. It increases over the transmission length to the
effective prestress (£} under service losds and remains

practically constant beyond it (neglecting the losses due o
friction and wobibile).

The prestress is transferred over a certain length from the ends of the members, which is
called the transmission length or the transfer length. This will be denoted as L. This is a
very important concept for a pre-tensioned member, that the prestress is not transferred

right at the ends, but it is transferred over a certain length from the ends.

The stress in the tendon is zero at the ends of the members. It increases over the
transmission length to the effective prestress which is f. under service loads, and remains
practically constant beyond it. When the external load is applied, the stress may increase
from fye to a higher value at the critical section depending upon the amount of load, but

that increase is substantially less compared to the increase over the transmission length.
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Transmission of Prestress

Pre-tensioned Members

E,
Fig Ta-2 Variation of presiress in tendon

This sketch shows the variation of the prestress in the tendon. The prestress varies
substantially in the transmission length at the end. Under service loads, it increases up to

foe and then it stays more or less constant.
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Transmission of Prestress

Pre-tensioned Members
The Hoyer affect that develops in a tendon |5 expilained.

Afer sirefiching the tendon, the diameter reduces from

the orginal value due fo the Poisson's effect. When the
prestress is transferred after the hardening of concrete,
the ends of the tendon sink in concrete. The prestress at
the ands of the tendon (s zero. The diameter of the
tendon regains its original value over the transmission

length.

Next, we shall talk about the Hoyer effect. After stretching the tendon, the diameter

reduces from the original value due to the Poisson’s effect. When the prestress is



transferred after the hardening of concrete, the ends of the tendon sink in concrete. The
prestress at the ends of the tendon is 0. The diameter of the tendon regains its original

value over the transmission length.
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Transmission of Prestress

Pre-tensioned Members

The change of diameter from the original value [at the
and) to the reduced value (after the transmission length),
creates a wedge effect in concrete. This helps in the
transfer of prestress from the tendon to the concrete.
This is known as the Hoyer effect,

The change of diameter from the original value at the end to the reduced value after the
transmission length, creates a wedge effect in concrete. This helps in the transfer of
prestress from the tendon to the concrete. This is known as the Hoyer effect.

Let us try to understand the Hoyer effect by a few sketches.
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Pre-tensioned Members

) Applying tension o tendon

Fig 7a-3 Hoyer effect

In this sketch, after the tendon has been stretched, its diameter has reduced from the
original value due to the Poisson’s effect. That means, after stretching, the diameter of

the tendon is less than the original diameter.
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Transmission of Prestress

Pre-tensioned Members

bj Casting of concrate
Fig Ta-1 Hoyer affect [continued...)

Next, the concrete is poured and it is allowed to harden. In the above sketch, the concrete

has been cast and the tendon is about to be cut. Till this stage, the diameter of the tendon



is constant throughout the length. After the concrete has hardened to the required
strength, the tendons are cut and the prestress is transferred to the concrete. In this

process, the tendon slightly sinks within the concrete and the stress at the end drops to 0.
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Pre-tensioned Members
Sinking of tendon

) Translerring of prestress
Fig Ta-J Hoyer effect {continued. )

Since the stress has dropped to 0, the diameter at the end has regained its original value.
Over the transmission length, the diameter reduces as the prestress increases. This change
in diameter from the original value to the reduced value over the transmission length,
creates a wedge effect in the concrete. That means there are forces which are not allowing
the tendon to move inside the concrete any further. In reaction to this, the tendon is
applying the prestress to the concrete. Thus, the Hoyer effect is beneficial for the
transmission of prestress from the tendon to the concrete.

Right after transfer, the prestress beyond the transmission length is fy. With time after

the long term losses, the value of f,o will drop down to the effective prestress fye.
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Transmission of Prestress

Predensioned Members

Since there is no anchorage device, the tendon is free of
stress at the end. The concrele should be of good
quality and adequate compaction for proper transfer of
prestress over the transmission length,

Since there is no anchorage device, the tendon is free of stress at the end. The concrete
should be of good quality, and adequately compacted for proper transfer of prestress over
the transmission length. Since the transfer of prestress solely depends on the bond
between the concrete and the steel, the quality and construction of concrete should be

paid attention to.
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Transmission Length




Next, we shall discuss the estimate of transmission length. This to make sure that high
external load is not placed over the transmission length. There should be adequate
provision of the transmission length in a member, such that the prestress is developed

when an external moment demand generates in a section.
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Transmission of Prestress
Pre-tensioned Members

Therne are several factors that influence the transmission
length. Thesa are as follows.

1) Type of tendon

» wine, strand or bar
2) Size of tendon
J) Stress in bendon

Continued. ..

There are several factors that influence the transmission length. These factors are as

follows:

1) The type of tendon: whether it is a wire, strand or bar. We have observed earlier

that each of this tendon is different. Hence, the transmission lengths are different.

2) The second factor is the size of the tendon. For smaller size tendon, the perimeter

is large and hence, the bond developed is better.

3) The third factor is the stress in the tendon. If the applied prestress is high, then the

transmission length required will also be high.
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4)

5)

6)

7)

Transmission of Prestress

Predensioned Members

4} Surface deformations of the tendon
-+ Plain, indented, twisted or deformed

5) Strength of concrete al transfer

@) Type of loading
» Point load ar uniformiy distributed losd

T) Pace of cutting of tendons
» Abrupt flame culting or slow release of jack

The fourth factor is the surface deformations of the tendon. The mechanical bond
depends on the surface deformations. It is small for a plain wire. For an indented
wire or twisted strand or deformed bar, the surface deformations are more and the

mechanical bond is also more.

The fifth factor is the strength of concrete at transfer. If the concrete is not of
adequate strength, then the transmission length will be large.

The sixth factor is the type of loading. If it is a point load or whether it is a

uniformly distributed load, depending on that the transmission length can vary.

The seventh factor is the pace of cutting of the tendons. Are we abruptly cutting
the tendons by a flame cutter or are we slowly releasing the jack to transfer the
prestress? It is found that the transmission length is smaller if we are slowly

releasing the jack.
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Transmission of Prestress

Pre-tensioned Members

) Presence of confining reinforcenmesmt
9] Effect of creep

10} Compaction of concrebe

11) Amount of concrete cover.

8) If there is some confining reinforcement to check the development of cracks in

concrete, then the transmission is better.
9) The effect of creep in concrete can also influence the transmission.

10) The compaction of the concrete is very important. Well compacted concrete will

have a lesser transmission length and the transfer of prestress will be better.

11) The transmission length also depends on the amount of concrete cover around the
tendons. If there is more concrete surrounding the tendons, then the transfer of

prestress will be better.

Thus, the transmission length depends on several factors.
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Transmission of Prestress

Predensioned Members

The transmission length needs (o be calculated to check
the adequacy of prostress in the tendon over the kength.
A section with high moment should be oulside the
transmission length, so that the tendon attains the
design eflective prestress (F_) ai the section.

The transmission length needs to be calculated to check the adequacy of prestress in the
tendon over the length. A section with high moment should be outside the transmission
length so that the tendon attains the design effective prestress (fye) at the section. In case
if there is a point load very close to the end of the member and within the transmission

length, the capacity should be reduced at that location.
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Transmission of Prestress
Predensioned Members
15:1343 - 1980 recommends values of iransmission

length in absence of test data.  These values are
applicable when the concrete is well compacted, iis

strength is not less than 35 Nimm? at transfer and the:
tendons are released graduaily.




The code IS: 1343 - 1980 recommends values of transmission length in absence of test
data. These values are applicable when the concrete is well compacted, its strength is not
less than 35 N/mm? at transfer, and the tendons are released gradually. The
recommendations of the code are simple. They do not involve the different factors that

were mentioned.
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Transmission of Prestress

Pretensioned Members

The recommended values of Iransmission length are as
follows (15:1343 - 1980).

Faor plain wire L, =100 @
For indented wire L, =65 @
For strands L, =30 @

Here, & is the nominal diameter of the wire ar strand.

As per the recommendation of the code, for plain wire the transmission length should be
100 times the diameter of the wire. For indented wire, the transmission length is smaller,
which is 65 times the diameter. For twisted strands, the transmission length is even
smaller, which is 30 times the nominal diameter of the strands. Thus, we can see that the
only factor which is being considered in the transmission length is the size of the tendon.
There are more refined estimates of the transmission length which takes account of some

more factors.
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Transmission of Prestress

Pre-tensioned Members

To avoid the full ransmission length located in the clear
span of a beam, 15:1343 - 1580 recommends the following.

1) To have an overhang of a simply supporied membear
beyond the support by o distance of at least % L

To avoid the full transmission length located in the clear span of a beam, IS: 1343 — 1980

recommends the following:

1) To have an overhang of a simply supported member beyond the central line of the
support by a distance of at least half of the transmission length (L;). Thus, at the

inside face of the support the prestress is totally transferred to the concrete.
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Transmission of Prestress

Pre-fensioned Mombers

2} I the ends have fixity, then the length of fixity should be
at least L.




2) If the ends have fixity, then the length of fixity should be at least L. If the end of
a pre-tensioned member is in a socket, there is some fixity at the end. Then the
length of the fixity should be at least equal to the transmission length. Beyond the

face of the support, the prestress is totally transferred to the concrete.

These recommendations are to ensure that the point of maximum moment is outside the

transmission length from the ends.
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Development Length

Next, we are moving on to another concept which is the development length.
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Transmission of Prestress

Predensioned Mombers

The development lenglh nesds (o be provided ot the
critical section, the location of maximum moment. The
length is required to develop the ultimate Nexural
strength of the member.

The development length is the minimum length aver
wihich the stress in tendon can increasa fnom Demo bo
the ultimate prestress (f,).

The development length needs to be provided at the critical section, the location of
maximum moment. The length is required to develop the ultimate flexural strength of the
member. The development length is the minimum length over which the stress in tendon
can increase from zero to the ultimate prestress (fy,). The difference between the
transmission length and the development length is that, in the transmission length the
stress in the tendon develops from zero to the effective prestress (fu). For the
development length, the stress is expected to develop from zero to the ultimate prestress
(fou). The member should attain the maximum flexural capacity under ultimate loads at
the end of the development length. Thus, the transmission length is required to achieve its
service capacity, whereas the development length is required to achieve its ultimate

capacity.
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Transmission of Prestress

Predensioned Members

if'the bonding of one or more strands does nol extent
to the end of the member (de-bonded strand), the
sections for checking development of ultimate
atrength may not  be limited bo the iocation of
maximum moment.

If the bonding of one or more strands does not extend to the end of the member, which
are called de-bonded strands, then the sections for checking development of ultimate

strength may not be limited to the location of maximum moment.

Sometimes the strands are de-bonded towards the end to reduce the effect of the stress
concentration at the ends. In such a situation, the critical section to check development
length may not be just the location of maximum moment, but we may have to check
some other locations depending on the length of de-bonding of the strands. In this lecture,
we shall consider that all the strands are having bond through out the length of the

member.
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Transmission of Prestress

Predensioned Memibers

The development length (L] is the sum of the
transmission length (L) and the bond length (L.

L, =L+l Ta-1)

The bond length is the minimum length over which,
the stress in the tendon can increase from the
effective prestress [F_) to the ultimate prestress (1) at
the critical location.

0

The development length (Lg) is the sum of the transmission length (L;) and the bond
length (Lp). Thus, Ly = Lt + L. The bond length is the minimum length over which, the
stress in the tendon can increase from the effective prestress (fye) to the ultimate prestress

(fou) at the critical location.

Thus, Lq is the length over which the stress in the tendon is developing from 0 to fy,. This
consists of two components: one is L, where the stress develops from 0 to f,. and another
component is Ly, where the stress develops from fy to fy,. The second component is
called the bond length.
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Transmission of Prestress

Predensioned Members

The development length is significant to achieve
ultimate capacity.

The following figure shows the varistion of presiress
in the iendon over the length of a simply supporied
beam at ultimate capacity.

The development length is significant to achieve ultimate capacity. That means,
whenever we are checking the flexural capacity at a particular critical location, we need
to make sure that adequate development length has been provided from the end to that

particular location, so that the stress in the tendon can reach the ultimate stress fp,.

The following figure shows the variation of prestress in the tendon over the length of a

simply supported beam at ultimate capacity.
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L,
Fhy. Ta-3 Variation of prestress in tendon ot ultimate

Here, the simply supported beam is subjected to a uniformly distributed load. At the mid-
span, it is expected to have the ultimate capacity with the prestress equal to f,,. From the
end, the distance L is required to develop the stress from O to fy.. After that, there has to
be a minimum length to develop the stress from f, to fy,. The stress needs to be

developed at the critical section where the moment is maximum.
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Transmission of Prestress
Predensioned Members

The calculation of the bond length is based on an average
design bond stress (r]. A linear variation of the prestress
in th tendon along the bond length is assumed.

The following sketch shows a free body diagram of a
tendon along the bond length.




The calculation of the bond length is based on an average design bond stress, which is
denoted as t,4. A linear variation of the prestress in the tendon along the bond length is
assumed. The following sketch shows a free body diagram of a tendon along the bond

length.
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Fig. 7a-4 Free body diagram and assumed variation of
prastress along the bond length of a tendon

On the left side of the tendon, the force is the effective prestress times the area of the
steel A, whereas on the right side which has developed the ultimate capacity, the force is
fou times the area of the steel. This is under equilibrium along with the tractive force due
to the bond stress ty4, Which is assumed to be constant over the length. If 1,4 is constant,

then the increase in stress from fp to fy, is linear over the bond length L.
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Transmission of Prestress

Pre-tensioned  Members

The bond length depends on the following factors.
1) Surface condition of the tendon

2) Size of tendan

J) Stress in tendon

4) Depth of concrete below tendon

The bond length depends on several factors.

1)

2)

3)

4)

First is the surface condition of the tendon. Similar to that for the transmission

length, the surface condition influences the bond length.

The second factor is the size of the tendon. For a larger tendon the surface area

per unit length is small, and the bond length is larger.
Stress in the tendon: the values of fj,. and f, influence the bond length.

Depth of concrete below the tendon: for more concrete, the development of the

stress is better.
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The expression of the bond length is as follows.

- Ot 7a2)

iz

Here, @ is the nominal diameter of the lendon.

Based on the free body diagram, an expression of the bond length is written in terms of

fous Tpe, the nominal diameter of the tendon () and tyq. Thus, the expression is:

Lb = (fpu - fpe)(P/4de.
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The value of the design bond stress |} can be oblained
friom 15:456 - 2000, Clause 26.2.1.1. The table ks
reproduced below.

Tabde Ta-1 Design bond stress for plain bars

Gradeof = M3ID M35 | M40 and
= above

RMimm? | 15 17 | 19

The value of the design bond stress T,y can be obtained from IS: 456 — 2000, Clause

26.2.1.1. The table is reproduced here. The design bond stress for plain bars is: for M30



concrete g = 1.5 N/mm?, for M35 concrete tog = 1.7 N/mm?, for M40 concrete and
above g = 1.9 N/mm?. Thus, for a particular pre-tensioned member, once we know fy,
and fue and the size of the tendon, we can calculate the bond length for that particular

application. We add the transmission length to the bond length to get the development

length.
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End Zone Reinforcement

Next, we are moving on to the design of the end zone reinforcement.
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The prestress and the Hoyer effect cause transverse
tensile stress (o). This is largest during the transter of
prestress.

The following sketch shows the thearetical variation of o,

The prestress and the Hoyer effect cause transverse tensile stress, which is denoted as oy.
This is largest during the transfer of prestress. Since there is a wedge effect, which is
known as the Hoyer effect, tensile stress develops in the perpendicular (transverse)
direction to the axis of the beam. The tensile stress can cause cracking in the member. We
may have to provide reinforcement depending on the amount of stress developed, to

check the cracking. The following sketch shows the theoretical variation of o:.

(Refer Slide Time 33:58)

Transmission of Prestress

Pre-tensioned  Members

L,
Fig Ta-5 Vartation of transverse tensile siress o, 40




When the prestress is transferred to the concrete, transverse tensile stress develops which
is maximum at the end of the member, and it drops down over the transmission length.
Beyond the transmission length, the stress is practically zero. Unless reinforcement is
provided, there is a chance that this will lead to cracking at the end of the member.
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Ta restrict the splitting of concrete, transverse
reinforcement (in addition to the reinforcement for shear)
needs to be provided at each end of 3 member along the
transmission length. This reinforcement is known as end
rone reinforcement.

To restrict the splitting of concrete, transverse reinforcement (in addition to the
reinforcement for shear) needs to be provided at each and of a member along the

transmission length. This reinforcement is known as end zone reinforcement.
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The recammendation of end zone reinforcement is based
on the following references.

1) Krishnamurthy, 0. “A Method of Determining the
Tensile Stresses in the End Zones of Pre-fensioned
Beams", Indian Concrete Journal, Vol. 45, Na. 7, July
1871, pp. 286-287.

) Krishmamurthy, O. “Design of End fore Reinforcemont
to Cantrol Horzontal Cracking in Pre-fensioned Concrote
Members af Tranafer®, Indian Concrele Journai, Viod. 47,

No. 8, September 1973, pp. 346-349,

The recommendation of the end zone reinforcement is based on the following two
references. Both the references are written by Professor D. Krishnamurthy. The title of
the first reference is “A Method of Determining the Tensile Stresses in the End Zones of
Pre-tensioned Beams”. This was published in the Indian Concrete Journal, Volume 45,
Number 7, July 1971, and the pages are from 286 to 297. The title of the second reference
is “Design of End Zone Reinforcement to Control Horizontal Cracking in Pre-tensioned
Concrete Members at Transfer”. This was also published in the Indian Concrete Journal,
Volume 47, Number 9, September 1973, and the pages are from 346 to 349.
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The generation of the Iransverse tensile stress can be
oxplained by the free body diagram of the following zone
beblow crack. Tension (T], comprassion (C] and shear (V)
are generated due to the moment acting on the horizontal
plane at the level of the crack.

The generation of the transverse tensile stress can be explained by the free body diagram
of the zone below a crack. The tension, compression and shear are generated due to the
moment acting on the horizontal plane at the level of the crack. The length of the zone is

the transmission length.
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Free body diagram of
Ione below crack




The moment acting in the horizontal plane generates a force couple. There is tension near
the edge, which leads to the cracking, and there is compression away from the edge.

There is also a shear force along the horizontal plane.

The tension leads to splitting crack in the concrete. With this free body diagram, based on
the moment that acts in the horizontal plane, an expression of the amount of

reinforcement has been suggested.
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The end zone reinforcement is provided fo carry the tension
| T) which is generated due to the moment (M), The value of
M s calculated for the horzonial plane at the level of CGE
due to the compressive stress block above CGE.

The end zone reinforcement is provided to carry the tension T. The value of the moment
M is calculated for the horizontal plane at the level of CGC due to the compressive stress
block above CGC. Thus, the level of the CGC is selected as the level of probable crack,
and at that level the moment is calculated.
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The minimum amount of end zone reinforcement (A, is
given in terms of the moment (M) as follows.,

A L5M =
- F,J'l‘ [r. I

The allowable stress in the transverse reinforcement [f] s
selechird based on a maximum strain,

The minimum amount of end zone reinforcement (As) is given in terms of the moment as
follows. Ag = 2.5M/fsh. Here, fs is the allowable stress in the transverse reinforcement,
and it is selected based on a maximum strain. That means, if we allow a strain up to say

0.001, then f; = 0.001E where E; is the modulus of the transverse reinforcement.
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Transmission of Prestress
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In thi: previous squation,

h = total depth of the section

M= moment at the honizontal plane at the level of CGC
due to the compressive siress block above CGC

f, = allowable siress in end zone reinforcement.




In the previous equation, h is the total depth of the section; M is the moment at the
horizontal plane at the level of CGC due to the compressive stress block above CGC; and

fs is the allowable stress in end zone reinforcement.
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The end zone reinforcement should be provided in the lorm
af closed stirrups enclosing all the tendons, to confine the
concrete. The first stirrup should be placed as close as

possible to the end face, satisfying the cover requirements.

About half the reinforcement can be provided within a length
equad to YL, from the end. The rest of the reinforcement can
be distributed in the remaining %L, .

The end zone reinforcement should be provided in the form of closed stirrups enclosing
all the tendons, to confine the concrete. Earlier it was observed that the transverse stress
is maximum at the end. Hence, the first stirrup should be placed as close as possible to

the end, satisfying the cover requirements.

The stirrup should be closed which confines the concrete, and helps to check the
formation of splitting cracks. About half of the reinforcement can be provided within a
length equal to %L from the end. The rest of the reinforcement can be distributed in the
remaining %L.. Thus, since the stress varies quite rapidly at the end, half of the calculated
end zone reinforcement is provided in the first '4L;, and the other half in the remaining
%Lt
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Exampie Ta-1

Design the end tone reinforcement for the pre-lensioned
beam shown in the following figure.

The sectional properies of the beam are as follows.
A=46400mm [=84T = 10" mm* Z=4.23 « 10" mm?

There are § prastressing wires of 5 mm diameter.

A, =8 = 196 = 157 mm?

Thi indtial prestressing (s as follows,

f = 1280 Nimm?.

Limit the stress in end zone reinforcement (f) to 140 Nimm?,

Let us understand the design of the end zone reinforcement by the help of an example.
Design the end zone reinforcement for the pre-tensioned beam shown in the following
figure. The sectional properties of the beam are as follows. Area A = 46,400 mm?,
moment of inertia | = 8.47 x 108 mm*, section modulus Z = 4.23 x 10> mm®. There are
eight prestressing wires of 5 mm diameter. Thus, A, = 8 x 19.6 = 157 mm?. The initial
prestressing is as follows: fy,o = 1280 N/mm?. Limit the stress in end zone reinforcement
(f) to 140 N/mm?.
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Example Ta-1 ([continued...)

The end zone reinforcement is being designed for the prestress at transfer. The section is
symmetric about the horizontal axis and the CGC is located at half the depth. The flange
width is 200 mm, the flange depth is 60 mm, the breadth of the web is 80 mm, the total
depth h is equal to 400 mm, and the eccentricity of the CGS at the end is 90 mm. Given
the amount of prestress at transfer, the end zone reinforcement needs to be designed for

the section.
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Salutiomn
1) Determination of siress block above CGC

initial presiressing force

Py=R L,
=157 = 1280 N

= 201 kN




The first step is to determine the stress block above CGC. The moment in the horizontal
plane depends on the part of the stress block which comes above the level of CGC. The

initial prestressing force is Po = A, fyo = 157 x 1280 N = 201 kN.
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Salution

Stress in concrete at top

L L

f
oA Z

201 =10 20110 « 90

46400 = 423 -10°

« I M ©

The stress in concrete at the top is given by the expression f; = — Po/A + Poe/Z. The first
term is negative because it is uniform compression due to the prestressing force. The
second term is positive for the top, because the moment due to the prestressing force
causes tensile stress at the top. Substituting the values of Py, e, A and Z, the stress at the

top is practically 0 N/mm?.
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Solution

The stress in the bottom is also calculated by a similar expression. The second term is
now negative because the moment due to the prestressing force is creating a compression
at the bottom. Substituting the values of Py, e, A and Z, the stress at the bottom is 8.60

N/mm?.

Next, the moment in the horizontal plane at the level of CGC, is calculated due to the part
of the compressive stress block which is above CGC. For this we are calculating two key
values of the stress profile. One is at the junction of the flange and the web. From the
triangular profile, the value of the stress is 1.29 N/mm?. The other is at the level of the
CGC, where the value of the stress is 4.30 N/mm?,

In order to calculate the moment, we are dividing the stress block into three parts: the top
triangle shaded in orange is in the flange. For the part in the web, there are two triangles,
one in green and the other in blue. For each triangle we can find out the resultant
compressive force: C; corresponds to the resultant of the top triangle, C, corresponds to
the resultant of the green triangle, and Cs is the resultant of the blue triangle. We are also
calculating the distances of the locations of C;, C,, C3 from the level of CGC. These
distances are denoted as y;, Y, and ys. These distances are required to calculate the

moment due to the stress block.
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Solution
2) Determination of components of compression block
C, =% x 1.29 x 200 x 60
=T7.7T4 kN
y, =140+ % <60
= 160 mm

C, =V x 1.29 x 140 x B0
=7.22 kN

y; =% x 140
= 93.3 mm

Our second step is the determination of components of the compression block. C; is equal
to 1/2 of the stress at the junction of the flange and web which is 1.29, times the area of
the flange which is 200 x 60. Thus, we get C; = 7.74 kKN. The distance of the location of
C; from the CGC, y; is equal to 140 + 5 x 60 = 160 mm. C, which is the area of the
green triangle is equal to %2 x 1.29 which is the base, times the altitude which is 140,
times the breadth of the web which is 80. This gives C, = 7.22 kN. The location of the
centroid of the triangle is % x 140 = 93.3 mm from the CGC.
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Solution

G, = Y x i3 x 140 x B0
= 24.08 kN

¥y = Yex 140 200
= 46.T mm

C3 the area of the blue triangle is equal to %2 x 4.3 times the area of the web which is
equal to 140 x 80. This gives C3 = 24.08 kN. The location of the centroid of the triangle
y3 =15 x 140 = 46.7 mm.
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Solution
3) Determination of moment
M =EC.
=Gy + iy + Gy
= (.74 « 160) + (7.22 « 93.3) + (24.08 x 46.7)
= J036.6 kM-mm

Our third step is to calculate the moment. The moment generated at the horizontal plane

at the level of CGC due to the compressive stress block above CGC is given as a



summation of C; y;. Thus, M = ZC; y; = C1 y1 + C, y» + C3 y3. Thus, we are finding out
the moment due to the individual compressive forces and adding them up, to get the total

moment above the horizontal plane.

Once we substitute the values of C;, C, C3 and ya, Yo, y3 we get M = 3036.6 KNmm.
Thus, we found the moment which is generated due to the compressive stress block
above the level of CGC.
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Salutian
4) Determination of amount of end zone reinforcement

25M
.

A,

15M

Our fourth step is to determine the amount of end zone reinforcement. Ay is given as
2.5M/fsh. The value of fs has been selected to be 140 N/mm? and h is the total depth,
which is 400 mm. M, we have just calculated, is 3036.6 x 10° N. Thus, once we
substitute the values, we get A = 135.6 mm® Thus, this is the amount of end zone

reinforcement that needs to be provided for this particular beam.
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Salution

With & mm dismeter bars, required number of 2 legged
closed stirrups = 13561 (2 = 28.3) = 3.

For plain wires, transmission length L, = 100 @ = 500 mm,

Provide 2 stirrups within distance 250 mm (L /2] fram the
end. The third stirfup is in the next 250 mm.

With 6 mm diameter bars, required number of 2 legged closed stirrups is equal to
135.6/(2 x 28.3), where 28.3 mm? is the area of 6 mm diameter bars, and when this is
rounded off, we get 3 number of stirrups. This needs to be provided within the
transmission length. For plain wires, the transmission length L; is given as 100 times the
diameter. Since we are using 5 mm wires, the transmission length is 500 mm. Provide 2
stirrups within distance %2 L; = 250 mm from the end. The third stirrup is in the next 250
mm. To distribute the end zone reinforcement, we are providing more stirrups towards

the end and less stirrup in the second half of the transmission length.
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Salutian

Designed end Zone meinioroement

{3} & mm diameter stirmups

The designed end zone reinforcement looks like this. We are providing 3 additional 6 mm
diameter stirrups, which are closed and enclosing the wires. Out of the three, the first two
are provided in the first half of the transmission length and the third one is provided in

the second half. The first stirrup should be as close as possible to the end face.
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Summary

Transmission of Prestress
Introduction
Pre-tensioned Members

Transmission Length

Development Longth
End Zone Reinforcement




Thus in today’s lecture, we studied the transmission of prestress and found that the
transmission of prestress from the tendon to the concrete is different for pre-tensioned
and post-tensioned members. In today’s lecture, we covered the transmission of prestress
for a pre-tensioned member. For such a member, since there is no anchorage device at the
end. The prestress is transferred solely by the bond at the transmission length at each end

of the member.

We first studied the mechanism of the bond that develops between the steel and the
concrete. The tendons which have surface deformations have better bond. For those types
of tendons, the transmission length is smaller. The transmission length depends on
several factors: like the surface deformations, the size of the tendons, the stress to be
developed and the compaction of the concrete. The code gives us a simple estimate of the
transmission length, which depends only on the size of the tendons.

The transmission length is the length over which the prestress is transferred to the
concrete, and the steel gains the stress from O to the effective prestress fp.. The second
concept that we studied for the development length, is required at the critical section of
maximum moment, where at ultimate state the stress in the prestressing steel is f,,. The
development length consists of two parts, one is the transmission length and the second is
the bond length. Along the bond length, the stress changes from the effective prestress fy.
to the ultimate prestress f,,. The code gives us expressions for the bond length, which is
in terms of fye, fou, the size of the tendons and a design bond stress. We need to make sure

that the development length is provided at the location of the critical section.

The third concept we studied is the end zone reinforcement. There is a chance of cracking
due to the transverse tensile stress. To check the cracking we may need to provide
stirrups which are in addition to the shear reinforcement. We saw a simple expression to
calculate the amount of end zone reinforcement. We studied the application of the
expression through an example. In our next class, we shall move on to the other type of

prestressed member which is the post-tensioned member.

Thank you



