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Module - 4: Design of Members

Lecture — 20: Choice of Sections and Determination of Limiting Zone

Welcome back to prestressed concrete structures. This is the fourth lecture of module

four on design of members.
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Module 4-d (4" Hour)

Design of Sections for Fleoune
Choice of Sections
Determination of Limiting Zone

Past-tensioning in Stages

In this lecture, we shall study the choice of different sections; then we shall move on to
the determination of limiting zone and finally, we shall talk a little bit on post-tensioning

in stages.

First is the choice of sections.
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Design of Sections for Flexure

Choice of Sections

The type of section is selected based on the use of the
structure, architectural requirements, casting and
fabrication options, available technology and skilled work
force. Here, a few comments are given for the available
types of sections.

The type of section is selected based on the use of the structure, architectural
requirements, casting and fabrication options, available technology and skilled work
force. Here, a few comments are given for the available types of section. The prestressed
applications are quite varied in nature. The type of section satisfies the structural strength,
the architectural requirement and the aesthetic consideration. The choice of sections is a
wide ranging topic. In this lecture, we shall cover the different sections in a summarized

form by stating the basic points for each type of section.
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Design of Sections for Flexure

Cholee ol Sections

Hiere, the sections are brosdly grouped under
rectangular section, T-section, |-section and inverted
T-section. Some variations of each type are shown
under the corfesponding broad groups. The sections
in each group have similar analysis procedure. The
sections shown are not exclusive.

The sections here are broadly classified under rectangular section, T-section, I-section
and inverted T-section. Some variations of each type are shown under the corresponding
broad groups. The sections in each group have similar analysis procedure for the primary

flexural reinforcement. The sections shown are not exclusive.
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Design of Sections for Flexure

Chodce of Sections




The broad groups that we have selected are: first, in the rectangular type of section where
there is no outstanding flange; the second is the T-section, where the outstanding flange
is at the top; next the I-section, where there are flanges at the top and the bottom, and

finally, the inverted T-section, where the flange is at the bottom.
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Design of Sections for Flexure

{a) More room  Torsionally
for tendons in  stiff and

lower flange.  Strong.
(b) Better

Regarding variations, again we are showing some typical types of sections with
schematic sketches. A rectangular section can be trapezoidal in nature, where the width
of the web varies along the depth. A T-section can have a bulbed flange at the bottom.
The flange need not always be outstanding. There can be a flange between two webs. For
the Type (a) section under this category, there is more room for tendons in the lower
flange. The purpose of enlarging the bottom of the web is to place the tendons properly.
For (b) there is better stability during erection. After placing the members adjacently, a

layer of topping concrete can be cast.

For the third group, we can have a box type of section which is more common in bridges.
There can be a void in a section to reduce weight and to create a conduit. For a box type
of section, the analysis is similar to a flanged section. For a voided section, if the size of
the void is smaller than a certain value, then the section can be treated as a solid section
with equivalent properties. The box sections are torsionally stiff and strong. The inverted

T-section can have variations like U-section (channel section).

4
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Design of Sections for Flexure

Chaoice of Seclions

Let us study some of the aspects of these different types of sections. The fabrication is
easy for a rectangular section. It is easy for even a T-section. But it can be expensive for
an I-section. The fabrication for the inverted T-section can also be difficult. Regarding
the space of reinforcement, the rectangular section has adequate space. A T-section will
have less than adequate space unless the bottom of the web is enlarged as a bulb. There is

good space for the tendons in an I-section as well as in an inverted T-section.
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Design of Sections for Flexure

Chaolce of Sections
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Let us now study some structural properties for these sections, when they are used as
non-composite sections. Regarding flexural efficiency, the rectangular section is poor.
The lever arm which is represented by z, is about 40% of the total depth which is
represented by h. Compared to a rectangular section, a T-section is flexurally more
efficient and the lever arm is about 50% of the total depth. The I-section is flexurally very
good and the lever arm is 70% of the total depth. The inverted T-section is very
inefficient under sagging. However, the efficiency can be increased with a topping slab,
which we shall mention under the category of composite sections. The ultimate moment

capacity for an inverted T-section is small as compared to the other types of sections.
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Design of Sections for Flexure

Choice of Sections
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If we look into the applications of this type of sections as non-composite sections, then
the rectangular sections are used for light load and short span. The self-weight moment
which is represented as My, is quite large compared to the total moment carried by the
section, which is represented as M+. The T-section is good for long span roofs, when the
live load is much smaller compared to the dead load. For a T-section also, the ratio
Msw/M+ is large. The I-section is good for long span and heavy loads. Here, the Mg, /Mt
ratio is small compared to the rectangular and T-sections. For inverted T-sections, the

applications are limited. If such a section is used, the Mg,/M+ ratio will be large.
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Design of Sections for Flexure

Choice of Sections

Let us see the properties of the sections, when they are used as composite sections. Here,
there will be topping slabs above the sections. Regarding efficiency, the rectangular
section is very good, when the section is shored during the casting of the slab. For the T-
section, the increase in load capacity is marginal, if the topping slab is of small depth. For
the I-section, the increase in the flexural capacity can be very good. For an inverted T-
section, the flexural capacity increases substantially with a topping slab. Thus, the
inverted T-section is flexurally efficient, only in presence of a topping slab in composite

construction.
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Design of Sections for Flexure
Choice of Sections

Regarding application, the rectangular section is good for building construction, such as
in joists. For the T-section, the topping concrete ties the units and allows the members to
deflect together. For this type of section, additional formwork is not required for the
topping concrete. The I-section is used in long span applications in buildings and bridges.

The inverted T-section can be used in bridges with cast-in-place flange at the top.
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Design of Sections for Flexure

Cholce of Sections

The different types of sections can be compared by a
measune of Aexural efMciency » The Nexural aMciency =
defined in terms of the radius of gyration r as follows.




The different types of sections can be compared by a quantity called flexural efficiency,
which is represented by the symbol n. The flexural efficiency is defined in terms of the
radius of gyration, r as follows. Note, r* = I/A, where | is the moment of inertia and A is
the sectional area.
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Design of Sections for Flexure
Choice of Sections
Flexural effichency
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The flexural efficiency is defined as n = r’/c.c,, where ¢ is the distance of the top of the
section from the CGC, and cy is the distance of the bottom from the CGC. To this
expression, we are multiplying the factor (c; + cp)/h. This factor is equal to 1, because c;
+ Cp = h. Then, splitting the numerator of this factor, n = (r’/c, + r’/c,)/h, which leads to
the final expression n = (k; + kp)/h. The quantity k; + ky represents the depth of the kern

Zone.

Thus, the above quantity compares different types of sections in terms of their flexural
efficiency. For a section of a certain height h, if the depth of the kern zone can be

increased, then the flexural efficiency goes up.
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Design of Sections for Flexure

Choice of Soctions

Thus for a given value of the depth &, if the kem zone
[k, +#,) is large then the section is efficient.

Far a rectanguiar section, p= 033

For an l-section, y=0.5.

For a rectangular section, n = 0.33. For an I-section, n can be around 0.5. Thus, we see
that the flexural efficiency of an I-section is greater than that of a rectangular section.

Next, we move on to another important aspect which is the determination of limiting
zone. This helps us to place the CGS of the tendons, as well as the distribution of the

tendons along the span of the beam.
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Design of Sections for Flexure

Detefmination of Limiting Zone

For full prestressed members (Type 1), tension s not
allowed under service conditions. I tension is also not
allowed at transfor, C always lles within the kern 2one.

Tha limiting zone is defined as the rone for placing the
CGS of the tendons such that C always lies within the

kemn zone. Also, the maximum compressive stresses

&t transfer and service should be within the allowable

values.

In the flexural design, we had studied how to calculate the required eccentricity of the
CGS at the critical section. Now we shall study, how to place the CGS throughout the
span of the beam. For full prestressed members which are represented as Type 1, tension
is not allowed under service conditions. If tension is also not allowed at transfer, the
compression in the concrete which is represented as C, always lies within the kern zone.
The limiting zone is defined as the zone for placing the CGS such that C always lies
within the kern zone. Also, the maximum compressive stresses at transfer and service

should be within the allowable values.

For Type 2 and Type 3 members, tensile stresses are allowed and hence, the compression
in concrete can lie outside the kern zone, but it has to be within a certain limit such that

the tensile stresses at the bottom or at the top are within the allowable values.

11
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Design of Sections for Flexure

Determination of Limiting Zone

For limited prestressed members (Type 2 and Type 3),
tension is allowed at transfer and under service
conditions.

Tha limiting 2one is defined as the zone for placing the
CGS such that the tensile stresses in the extreme
edges are within the allowable values. Also, the
maximum compressive siresses at iransfer and service
should be within the allowable values.

The limiting zone is defined as the zone for placing the CGS such that the tensile stresses
in the extreme edges are within the allowable values. Also, the maximum compressive

stresses at transfer and service should be within the allowable values.
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Design of Sections for Flexure

Determination of Limiting Zone

Inciiwidual tendons may le cutside the limiting 2one.

Thus, the definition of the limiting zone is more general for Type 2 and Type 3 members

as compared to Type 1 members because for Type 2 and Type 3 members, we are

12



allowing tension in the concrete and hence, the compression can lie outside the kern zone.
Remember that, the limiting zone is defined for the CGS. The individual tendons may lie

outside the limiting zone provided the CGS is within the limiting zone.
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Design of Sections for Flexure

Determination of Limiting Zane

The limiting zone s determined from the maximum or
minimum ecceniricities of the CGE along the beam
coffespanding to the extreme positions of C,

The maximum eccentricity (e ) at any section
comesponds to the lowest possible location of C al
iransier, thal generates allowable tonsile stress at the top
of the section. Also, the maximum compressive stress at
the: bottorm should be within the allowable value.

The limiting zone is determined from the maximum or minimum eccentricities of the
CGS along the beam corresponding to the extreme positions of C. The maximum
eccentricity (which is represented as emax) at any section corresponds to the lowest
possible location of C at transfer that generates allowable tensile stress at the top of the
section. Also, the maximum compressive stress at the bottom should be within the

allowable value.

13
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Design of Sections for Flexure

Determination of Limiting Zone

The minimum eccentricity (o) at any section
cormesponds (o the highest possible lscation of C at
service, that generates aliowable tensile siress ot the
battom of the section. Also, the marimum compressive
stress at the top should be within the allowable value.

The minimum eccentricity of the CGS (which is represented as eni,) corresponds to the
highest possible location of C at service, that generates allowable tensile stress at the
bottom of the section. Also, the compressive stress at the top should be within the

allowable value.

Thus, to determine the minimum eccentricity of the CGS, we are allowing the
compressive force to rise as much as possible at a particular section, such that the
compressive stress generated at the top and the tensile stress at the bottom are within the
allowable values. The purpose of allowing the compression to rise as much distance as
possible is to have an efficient design. With that, we are able to reduce the amounts of
prestressing force and prestressing steel.

14
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Design of Sections for Flexure

Determination of Limiting Zone

The following material gives the expressions of o, and
2, for Type 1 and Type 2 sections. The zone between the
ool of @ and &__ is the limiting zone of the section for
placing the CGS.

The following material gives the expressions of emax and enin for Type 1 and Type 2
sections. The difference between Type 2 and Type 3 sections is only in the value of the
allowable tensile stress. If we have the expressions for Type 2 section, we can use that for
Type 3 section, provided we change the value of the allowable tensile stress. The zone

between the loci of emax and emin is the limiting zone of the member for placing the CGS.

We calculate emin and enax at different sections throughout the length of the beam. Next,
we join them by lines, one line for the emi, values, and another line for the enax values.
The space in between these two lines is termed as the limiting zone for placing the CGS

of the tendons.

15
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Design of Sections for Flexure

Determination of Limiting Zone

The valees of o, and o, can be determined by equating
the stresses at the edges of concrete with the allowabile
values. Else, expliclt expressions of e and & can be
used.

Here, the expressions of e and &__ based on allowable
tensile stress are given.

The values of enax and emin can be determined by equating the stresses at the edges of the
concrete with the allowable values. Else, explicit expressions of emax and enmin can be

used.

There are two ways to determine the values of em.x and emin at a particular section. One
way is to write the expression of the stresses at the top and the bottom, equate the stresses
to the allowable values; from there, we can find out the emax Or emin values. Another
approach is to use explicit expressions of emax and emin SO that, we can directly calculate
their values without calculating the stresses. Both the approaches will give the same

results.

Here, the expressions of emax and enin based on allowable tensile stress are given.

16
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Design of Sections for Flexure

Determination of Limiting Zone
Type 1 Saction

For Type 1 section, at transfer we are pushing down the CGS as low as possible to have
the lowest possible location of C which is at the bottom kern point. In this figure, we can
see that the C is located at a distance k, from CGC, and the stress block in concrete is

triangular with values zero at the top and f,, at the bottom.
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Design of Sections for Flexure

Determination of Limiting fone
Type 1 Section
At Transfer
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The lever arm (distance between T and C) at transfer is governed by the self-weight
moment (Mgy). It is equal t0 emax — Kp = Mgw/Po, where Py is the value of C at transfer.

From this, we find the expression of emyax.
emax = Msw/Po + Kp

This expression is based on satisfying the allowable tensile stress at the top, which is zero
for a Type 1 member. We should also check emax to satisfy that, the stress at the bottom
f, should be less than the allowable compressive stress at transfer, which is represented

as fecan.
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Design of Sections for Flexure

Determination of Limiting Zone
Type 1 Section
At Sarvice

Next, for Type 1 section, we are determining emin. At service, C is at the top of the kern
zone which is at a distance k; from CGC. The stress block in concrete is triangular with

zero stress at the bottom and a certain value f; at the top.

18
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Design of Sections for Flexure

[Cetermination of Limiting Zone
Typa 1 Section

At Service
.
-]

(4d-3)

Alsa, [f] <1, o

It for a particular section e is negative, it implies that the
CGS can be placed above CGC. This happens near the
Suppors.

The lever arm at service is governed by the total moment (M~). It is equal to emin + ki =

M+/P., where P. is the value of C at service. Thus,

emin = M1/Pe — k¢

Also, the compressive stress at the top f; should be less than the allowable compressive

stress at service. If for a particular section emiy is negative, it implies that the CGS can be

placed above CGC. This happens near the supports.

19
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Design of Sections for Flexure

Determination of Limiting Zone
Type 2 Secthon

For Type 2 section at transfer, we can push the CGS even below. C can lie outside the
kern zone so that, the tensile stress generated at the top is equal to the allowable value.
The stress block in the concrete has some tension at the top. The distance of C from the
bottom most kern point is represented as e; and the distance between C and T is

represented as es.
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Determination of Limiting Zone
Type 2 Section
At Transfer
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We can write that the distance between the CGS and the bottom most kern point as emax —

Kp = (Msw + feran AKp)/Po. From this we find an explicit expression of e max.
emax = (Msw + fet,ann AKp)/Po + Ky

This expression is the general form of the previous expression that we had seen for Type
1 section. This expression has an extra term involving the allowable tensile stress at the
top (fct,an). Also, the compressive stress at the bottom should be less than the allowable

compressive stress at transfer.
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Design of Sections for Flexure

Determination of Limiting Zone
Type 2 Section
At Service

For Type 2 section at service, we can have C going above the kern region by a distance
equal to es, so that we have a tensile stress at the bottom which is equal to e for

service.

The minimum eccentricity plus the distance of the kern point from CGC is equal to (Mt —
fct'a” A kt)/Pe ThUS,

emin = (M1 — feran A Ki)/Pe — K.

21



The expression of eni, for a Type 2 section is similar to that for a Type 1 section. It has
an additional term involving the allowable tensile stress in the concrete. If we substitute
feean = 0, then we get back the expression for a Type 1 section. Also, we need to check
the stress at the top to be within the allowable compressive stress under service

conditions.
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Design of Sections for Flexure

Determination of Limifing Zone

The zone betwesn the loci of o and o__ iz the
limiting zone of the secthon for placing the CGS fora
given loading condition. The values of e__ and &,
for several sections can be determined af regular
intervals along the langth of the beam.

The zone between the loci of emax and enmin Is the limiting zone of the member for placing
the CGS for a given loading condition. The values of emax and emin for several sections
can be determined at regular intervals along the length of the beam. For example, an
interval of one-tenth of the span can be selected. Depending on the moment due to self-
weight and the moment due to service loads, we can find out the emax and enin values for
each section. Once we join these points, we get the boundaries of the limiting zone and

we can place our CGS within this limiting zone.
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Design of Sections for Flexure

Determination of Limiling Zonse

The following figure shows the limiting rone (s the
shaded reglon) for & simply supporied beam
subjected to uniformly distributed load.

The following figure shows the limiting zone as the shaded region for a simply supported
beam subjected to uniformly distributed load. Here, the locus of ey, and the locus of enax
are the upper and the lower boundaries of the limiting zone, respectively. The depth of
the limiting zone is wide at the end. As we proceed towards the centre of the span, the

depth of the limiting zone gets reduced.
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Examplbe 4d-1

For the post-tensioned beam with a Nanged section as
shown, the span is 18 m. For uniform loads, the profile
of the CGS is parabolic. The live load moment at mid-
span (M, ] is 648 kNm. The prestress after transfer (P.) is
1600 kM. Assume 15% loss at service.

Evaluate the lmiting zone of CGS, if the allowalbie
stresses al transfer and at service are as follows.

Far compression, [, = 18.0 Nimm?®
Far tensbon, Moy ua = 1.5 Nirmm?,
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Let us now try to understand the concept of limiting zone by solving a problem. For the
post-tensioned beam with a flanged section as shown in the next slide, the span is 18 m.
For uniform loads, the profile of the CGS is parabolic. The live load moment at mid-span
(M) is 648 KNm. The prestress after transfer (Pg) is 1600 kN. Assume 15% loss at

service.

Evaluate the limiting zone of CGS, if the allowable stresses at transfer and at service are
as follows. For compression, the allowable stress (fean) is 18.0 N/mm?. For tension, the
allowable stress (fean) is 1.5 N/mm?. In this problem, the allowable values are same for
transfer and service. But in general, these values will be different because the strength of

the concrete will be different at transfer and at service.
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Example 4d-1 [continued...)
500

The section is an unsymmetric I-section, where the top flange width is 500 mm and the
bottom flange width is 250 mm. The total depth is 1000 mm. The depth of both the
flanges is 200 mm, and the width of the web is 150 mm. The CGS is intended to be
located at a distance of 150 mm from the soffit of the beam at mid-span.

24
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Solution

A) Calculation of geametric properties

The section is divided (nto ihree rectangles Tor the

computation of the geometric properties. The centroid
of each rectangle is located from the soffit.

First, we are calculating the geometric properties. Since the section is unsymmetric, we
need to locate the CGC which is not at the mid-depth any more. The section is divided
into three rectangles for the computation of the geometric properties. The centroid of
each rectangle is located from the soffit. For the first rectangle, the centroid is 900 mm
from the soffit. For the second rectangle, the centroid is 500 mm from the soffit and for
the third rectangle it is 100 mm from the soffit. We intend to find out ¥, the distance of
the CGC from the soffit. Once we have determined ¥, we can calculate c;, the distance of
the top from the CGC and cy, the distance of the bottom from the CGC. Of course, cp =

y.
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Saolution
Area of the section

Areaol 1) = A, =500 « 200 = 100,000 mm?

Areacl ' 2 = A, =600 « 150 = 50,000 mm?

Areaof 3 = A, =250 « 200 = 50,000 mm*

AnA + A+ A4,
= 240,000 mm?*

The area of the section is given as the summation of the areas of the three rectangles.
Area of Rectangle 1 is A; = 500 x 200 = 100,000 mm?

Area of Rectangle 2 is A, = 600 x 150 = 90,000 mm?
Area of Rectangle 3 is A3 = 250 x 200 = 50,000 mm?

Thus, the total area A = A; + A, + Az = 240,000 mm?.

26
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Solution
Distance of CGC from the soffit

A, <900+ A, x500+ A, <100
- A

r -

= 5833 mm

The distance of CGC from the soffit is given as the summation of the first moments of
the individual areas divided by the total area. The moment of the first area is A; x 900,
the moment of the second area is A, x 500, and the moment of the third area is Az x 100.
All these three distances are the distances of the centroids of the individual rectangles
from the soffit of the beam. The sum of the moments divided by the total area is § =
583.3 mm. Thus, the CGC is located at a distance of 583.3 mm from the soffit of the
beam. Therefore, ¢, = § =583.3 mm, ¢; = 1000.0 — 583.3 = 416.7 mm,
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Solution

Moment of inertia of | 1 | about axis through CGC

"33 =500 200" + A, ~ (B00 - 583.3)"

i,
= 1,038 < 10" mm’

Moment of inertia of | 2

!.-1

) = 4 *180800" 4, x(583.3 - 500

-3.32- 10" mm*

Moment of inertia of Rectangle 1 about axis through CGC can be computed by the
parallel axis theorem. I; is equal to the moment of inertia about the centroid of the

rectangle plus the area of the rectangle times the distance squared. Thus,
I, =500 x 200%/12 + A; x (900 — 583.3)? = 1.036 x 10" mm*.
Similarly, we can calculate the moments of inertia of Rectangles 2 and 3.

I, =3.32 x 10° mm®.
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Solution
Moment of inertia of | 3

L= 112 =250 = 200" + A, = (583.3 - 100)"

=1.184 « 10™ mm’

Moment of inertia of the section
I=b+ b+l
(1,036 + 0,336+ 1.184) < 10"

= 2.552 < 10" mm*

Is =1.184 x 10*° mm*.
The total moment of inertia of the section I = I, + I, + I3 = 2.552 x 10** mm*,

(Refer Slide Time: 39:49)

Solution
Calculation of momant dus (o Self waight.
1 "|; m’

Wy = 24 KNIm" > 240,000 mmy' | 1| ™
10" ) mm

5.78 kNim

Wil
8

578187
I

.:Tﬂ._&hﬁn

Next, we are calculating the moment due to self-weight. The distributed self-weight is

equal to the unit weight of concrete which is taken as 24 kN/m?® times the area which is

240,000 mm? times a factor which converts mm? to m?. This gives a self-weight of 5.76

29



kN/m. The moment due to the self-weight My, is equal to the weight times the span
squared divided by 8. After substituting the values, Mg, = 233.3 kNm.

(Refer Slide Time: 40:42)

Solution

B) Determination of limiting zome

The values of 8 and ¢ are determined by eguating
the stresses af the edges of concrete with the allowatile
values. The expression of stress is given below.

f:—FtF.rfw

R | i

Now, we move on to calculating the limiting zone. The values of emax and emin are
determined by equating the stresses at the edges of concrete with the allowable values.

The expression of stress at depth y is given below.
f = — P/A £ Pey/l + My/I

The first term is the uniform component. The second term is due to the eccentricity of
the prestressing force. The third term is due to the moment. The summation of the three

components gives the resultant stress profile.
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Sodution
Limiting position af mid-span
For e, consider the load stage at transfer,

i} Calculate o based on f, = - 18.0 Nimm?,

B, 180010

A 240=10°
= —B.67 Nimm’

Piec,  1800:10" <ex583.3
i 2.552-10"

At mid-span, for emax, consider the load stage at transfer. First, calculate e based on the
stress at the bottom f, = — 18.0 N/mm?, the allowable compressive stress. The individual

components of the stress are as follows.
— Po/A =—-1600 x 10° N / 240 x 10° mm’ = — 6.67 N/mm”.

Poecy/l = — 1600 x 10° x e x 583.3 / 2.552 x 10* = — 0.0366e. Thus, this component of

the stress is in terms of the eccentricity e.
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Solution

Mc, 2333105833
[ 2552 10"

= §.33 Nimm'

f, =—6.67 -0.03680 + 5.33

= — 18.0 Nimm

1B.0-B.67+5.33

Solving, » 0.0388

- 4552 mm

MewCp/l = 233.3 x 10° x 583.3/ 2.552 x 10'°=5.33 N/mm?.

Thus, the total stress at the bottom is f, = — 6.67 — 0.0366e + 5.33, which is equated to
-18.0 N/mm?. Solving, e = 455.2 mm. This value of e is based on satisfying the

compressive stress at the bottom.

(Refer Slide Time: 44:31)

Sodution
i) Calculate ¢ basod on f, = 1.5 Nimm*,
Poe, 160010 « o= 416.7
] 2552 10"
-0.02618

M,c,  2333.10° < 418.7
I 2552 10"

= —1.81 Mimm'
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Let us now calculate e based on the allowable tensile stress at the top f; = 1.5 N/mm>.
The uniform component of the stress is already known to be — 6.67 N/mm?. The other

components are as follows.
Poecy/l = 1600 x 10° x e x 416.7 / 2.552 x 10'° = 0.0261e
M Ci/l = — 233.3 x 10° x 416.7 / 2.552 x 10*°= — 3.81 N/mm?

(Refer Slide Time: 45:28)

Solution
ii) Calculate @ based on f, = 1.5 Nimm?, (continued...)

f, - - B.67 + 0.0267e - 381

- 1.4 Mimm’

1.5+ 8.87 + 381
; 0.0281

Solving, @

Thus, the total stress at the top is f; = — 6.67 + 0.0261e — 3.81, which is equated to 1.5

N/mm?. Solving, e = 460.8 mm.
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(Refer Slide Time: 45:55)

Solution

Dist of tha two values of &, the lower valus 455.2 mm
govems

. @, ~455.2mm

Out of the two values, the lower value of 455.2 mm governs. This is selected as the
maximum eccentricity for the CGS at mid-span.

(Refer Slide Time: 46:20)

Solution
For e, consider the load stage at service,
il Calculate ¢ based on f, = - 18.0 Nimm?.

P P
[ - uI“ L]
A A

= — 587 Nimm’

Pec, 085160010 <ex416.T
[ 2.552x10"

09220

For emin, consider the load stage at service. We are proceeding with a similar set of

calculations.
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The stress at the top (f;) is equated to — 18.0 N/mm?. The effective prestress (Pe) is equal
to 85% of the prestress at transfer (Po). The individual components of the stress are as

follows.
Po/A =0.85 x Pyg/A =—0.85 x 6.67 =— 5.67 N/mm?
P.ec/l = 0.85 x 1600 x 10° x e x 416.7 / 2.552 x 10'° = 0.022 e.

(Refer Slide Time: 47:26)

Solution
ij Calculate & based on f, = - 18.0 Mimm?. [continued...)

e B48.0 10" < 418.7
I 2.88210™

.~ 10,58 Mirmrm

f, = 5.67 « 0.022e - 3.1 -10.58

~18.0 Nimm'

My /I =—648.0 x 10° x 416.7 / 2.552 x 10*° = — 10.58 N/mm?

Thus, the total stress at the top is f; = — 5.67 + 0.022e — 3.81 — 10.58, which is equated to
—18.0 N/mm?,
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(Refer Slide Time: 48:28)

e 18.0 + 567 + 3.81+ 10.58
0oz

83,6 mm

Solving, e = 93.6 mm.

Next, e is to be calculated based on the allowable tensile stress at the bottom f, = 1.5
N/mm?.

(Refer Slide Time: 48:47)

Sodution
i) Calculate ¢ based on f, = 1.5 Nimm?.

Poe, : 0.85 <1600~ 10" - &= 5823
| 2 557 -10™

M, c, B48.0:10"583.3
i 2.552:10"

- 14,81 Mimm’

P.ecy/l =—0.031e
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M Cp/l = 14.81 N/mm?,

(Refer Slide Time: 49:22)

Solution
i) Calculate ¢ based on f, = 1.5 Nimm?. ([continwed...)

f, =- 567 -0.031e+533 +14.81

= 1.5 Mirmim®

Thus, the total stress at the bottom is f, = — 5.67 — 0.031e + 5.33 + 14.81, which is
equated to 1.5 N/mm?.

(Refer Slide Time: 49:45)

1.5-5.67 « 5,33+ 1481

" 0.031

= 418.4 mm

Qut of the two valtes of @, the higher value 418.4 mm
Fovems.

. B, = 418.4 mm
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Solving, e = 418.4 mm. Out of the two values of e, the higher value of 418.4 mm governs
because if we still reduce e then, we shall have tensile stress larger than the allowable

value at the bottom.

Thus, we have found out the two extreme values of the CGS at the mid-span of the

section.

(Refer Slide Time: 50:38)

Solution
Limiting position at end

M, =M, -0.0

At transfer
For f, = — 18.0 Nimm?

f, = - 6,67 - 0.0366 &
« ~ 180 Nimm’

_18.0-6.67

Soling. e 0.0388

Similarly, we can find out the limiting position at the end. Here, the moments due to self-
weight and live load are equal to zero. Going through a similar procedure, at transfer for
f, = —18.0 N/mm?, e = 309.6 mm.
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(Refer Slide Time: 51:05)

Solution

Far f, = 1.5 Nimm?

f, - 8.57 + 0.028
1.5 Mimm®

15687

R 0,028
=314.2 mm

Selecting the lower value

[} J08.6 mm

For f, = 1.5 N/mm?, e = 314.2 mm. Selecting the lower value of the two, emax = 309.6
mm.

(Refer Slide Time: 51:17)

Solution

Al service
Forf, = 1.5 Nimm?

I, = - 667 - 0.0J68e

1.5 Nimm'

Solving @-=-222.0 mm

At service, for f, = 1.5 N/mm?, e = — 223.0 mm.
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(Refer Slide Time: 51:35)

Solution
Faor f, = - 18.0 Nimm?

f, - - G.EF +0.02878

= —18.0 Mimm’

Solving o~ - 438.0mm

Since the values of e are negative the CGS les above CGC.
The position of CGS closer to the CGC is selected.

o, = - iX,0 mm

For f, = — 18.0 N/mm?, e = — 436.0 mm. Since, the values of e are negative, the CGS can
lie above the CGC. The position of CGS closer to the CGC is selected. Thus, out of the

two values, the numerically smaller one is selected. Therefore, emin =—223.0 mm.

(Refer Slide Time: 52:15)

Solution

Similarly, the values ol e, and &, can be defermined ai
regular intervals along the span. The limiting 2one is
available by |oining the points by straight lines.

In the following sketch the limiting zone is shown shaded,
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Similarly, the values of emax and emin can be determined at regular intervals along the
span. The limiting zone is available by joining the points by straight lines. In the

following sketch the limiting zone is shown shaded.

(Refer Slide Time: 52:29)

Sodution
The limiting zone is shown shaded.

Thus, at the centre, the depth of the limiting zone is small which is between 418.4 and
455.2 mm. At the end, the depth of the limiting zone is large. Here, the CGS can lie
above the CGC, up to a height of 223 mm, and it can lie below the CGC up to a depth of
309.6 mm.
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(Refer Slide Time: 53:17)

Solution

From the skeitch of the limiting zone, it is evident that the
tendons can be spread out at the ends. This is
necessary (o anchor the tendons and reduce the stress
concentration at the ends.

The following photo shows the spreading of the tendons

near the end.

From the sketch of the limiting zone, it is evident that the tendons can be spread out at the
ends. This is necessary to anchor the tendons and reduce the stress concentration at the

ends. The following photo shows the spreading of the tendons near the end.

(Refer Slide Time: 53:38)

Fig 4d-3 Layout of lendons in a bridge deck
[Courtesy: Cochin Port Trust, Kerala)

We are learning another concept which is helpful in avoiding stresses going beyond the

allowable values, and this concept is called post-tensioning in stages.
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(Refer Slide Time: 54:46)

Design of Sections for Flexure

Post-tensioning in Stages

In the previous expressions of e, and e, the values
of Py and P, can be for different levels of prestressing
for posttensioned members. At transter the member
can be partially prestressed in the casting yard, from
which P is calculated.

In the previous expressions of emax and enin, the values of Py and P, can be for different
levels of prestressing for post-tensioned members. At transfer, the member can be

partially prestressed in the casting yard, from which Py is calculated.

(Refer Slide Time: 55:10)

Design of Sections for Flexure

Post-tensioning In Slages

After the member [ placed in is permanent location, it
can be further prestressed before if is put into service,

The application of prestress in different stages is

termed as post-tensioning in stages. The valueof P,
is caleulated from the revised prestressing lorce.
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After the member is placed in its permanent location, it can be further prestressed before
it is put into service. The application of prestress in different stages is termed as post-

tensioning in stages. The value of P, is calculated from the revised prestressing force.

In the previous example, both Py and P, were due to the same prestressing force at
transfer. But, the prestress can be applied in stages. First in the casting yard, the prestress
is partial, for which Py is low and emax Is increased. Next, after the member is moved to
its permanent location, the prestress can be increased. By this time, the concrete has
attained more strength and the allowable stresses go up. Also, the loss in the prestress is

reduced. The value of P, is calculated from the new value of the prestressing force.

(Refer Slide Time: 57:37)

Design of Sections for Flexure

Post-tensianing in Stages

With reduced P, at transfer, e___ Is increased. Thus, the
limiting zone for placing the CGS and the available
ZIone for the shift in C under service loads are also
increased.

Thus, the limiting zone for placing the CGS and the available zone for the shift in C

under service loads are also increased.
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(Refer Slide Time: 57:53)

Summary

Design of Sections for Flegune
Choice of Sections
Determination of Limiting Zone

Post-tensioning in Stages

In today’s lecture, we studied three important concepts of design of members for flexure.
First, we studied the choice of sections. We know that the sections can be of varied types
depending on the type of application, the available technology and money for the
construction. We have divided the sections into four broad groups: the rectangular
section, the T-section, the I-section and the inverted T-section. We saw certain variations
of these sections. We can have a tapered section, a bulbed T-section, a box section and U-

type channel section. For long span structures, the I-section or the T-section are preferred.

Next, we moved on to the determination of the limiting zone. The limiting zone helps to
place the tendons throughout the span of the beam. For a simply supported beam, the
limiting zone is deeper at the ends and shallower towards the mid-span. This helps to
spread out the tendons near the ends for anchorage, and to reduce stress concentration.
Post-tensioning in stages can increase the depth of the limiting zone. With this, we are

ending the design of members.

Thank you.
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