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Module - 4: Design of Members

Lecture -18: Design of Members for Flexure (Type 1 Members)

Welcome back to prestressed concrete structures. This is the second lecture of Module 4

on design of members.
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Module 4-b (2™ Hour)

Design of Sections for Flexure
Final Dasign
Final Design for Type 1 Members
Special Case

In this lecture, we shall learn about the design of sections for flexure. We shall study the

steps of final design. Specifically, we shall learn the final design for Type 1 members.

We shall also see a special case of Type 1 members.
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Design of Sections for Flexure

Inroduction

For design under service loads, the following quantities
EFE P

M, = moment dug to dead osd [exciuding seil-weight),
M., = moment due to live load.

For design under service loads, the following quantities are known: Mp,, the moment
due to dead load which excludes the self-weight, and M, which is the moment due to

live load. These two quantities are available from the analysis of the structure.
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Design of Sections for Flexure

Iniroduction
The following quantities ane unknown.

The member cross-section and (s geometfic properties,

M., = moment due to salf-weight,
A, = amount of prestressing steed,
P_= the effective prestress,

@ = the eccentricity.

The materisl propefies Gre seloctod Before the design.

Next, the unknown quantities are: first, the type of the section and the properties of the

section; second, the moment due to self-weight; third, the area of the prestressing steel



which is denoted as Ap; fourth, the effective prestress P.; and finally, the eccentricity e.

The material properties are selected before the design.
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Design of Sections for Flexure

Prefiminary Design |(summary]

1} Select the material properties £, and 7.
) Determine the depth of beam (k).

1) Select the type of section.

4) Cadculate ihe solf -waigi,

§) Calculate ihe iolal moment My including moment
duse to Self-weight (M__).

As we had mentioned last time, the design procedure is divided into two stages for
convenience. The first stage is called preliminary design, where we estimate some
quantities, and then we do the final design. In the preliminary design, we first select the
material properties: fo the characteristic compressive strength of concrete, and fp the
characteristic tensile strength of the prestressing steel. These are selected based on the

materials to be supplied.

Next, we determine the depth of the member. This is usually governed by the
architectural requirement. If there is no architectural specification, then we can determine
the depth by some empirical equations, which are based on the moment that we have
from the dead load and live load. Next, we select the type of section. The section can be
either rectangular or flanged section. The type of section that is used depends on the
application. We shall discuss about this in a future lecture.

Once we have selected the type of section, we can estimate its self-weight. We calculate
the total moment (M), which includes the moment due to dead load, live load and the

moment due to self-weight.
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Design of Sections for Flexure

Preliminary Design (summary] (continued.. .}
6) Estimate the levar arm ().

T) Estimate the effective prestress (P_).

#) Calculate area of prestressing steel (A, ).

9) Check the arsa of the cross-section [A).

After this, we estimate the lever arm (z). The lever arm is expressed as a fraction of the
total depth. Then, we estimate the effective prestress (P¢). The effective prestress is equal
to the moment divided by the lever arm. From the effective prestress, we calculate the
area of the prestressing steel (Ap) which is given by the prestress divided by 70% of the
characteristic strength. Finally, we check the area of the cross-section (A), to make sure
that it is not too way off from the allowable stress which is expected near the CGC. Thus,
the objective of preliminary design is to have estimates of P, A, and A. But, we do not

know one important variable yet, that is the eccentricity of the CGS at the critical section.

Next, we move on to the final design where the objective is to calculate the eccentricity
and to check the stresses in the concrete.
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Design of Sections for Flexure

Final Design

The code 15:1343 - 1980 defines three types of prestressed
MEmbers.

Type 1: In this type of members, no tensile stress is
sllowed in concrete at transfer ar under serviee loads.

Type 2: In these members, lensile stress is within the
cracking stress of concrole.

Type 3: Here, the tensile stress is such thai the crack
width is within the allowabbe limit.

Before we move on to the steps, let us know the type of sections that the code allows us
to design from. The code IS: 1343-1980 defines three types of prestressed members.

Type 1 - In this type of members, no tensile stress is allowed in concrete at transfer or
under service loads. That means in Type 1, the full section is under compression

throughout the service loads.

Type 2 - In this type of members, tensile stress is limited within the cracking stress of
concrete. That is, we do allow some tensile stress in the concrete; but we make sure that it

is within the cracking stress. Hence, the section remains uncracked under service loads.

Type 3 - Here cracking is allowed, but the tensile stress is such that the crack width is
within the allowable limit. That means, although we allow cracking, we limit the crack
width to a certain value, so that it does not disrupt the serviceability conditions of the

prestressed member.



(Refer Slide Time: 07:41)

Design of Sections for Flexure

Final Design

The final design involves the checking of the stresses in
concrele at transfer and under service loads with respect
o the allowabie strosses.

Since the allowable stresses depend on the type of
mermber [Type 1, Type 2 or Type I), the equations vary for
the different Uypes.

The properties of the gross section are used instead of
those of the net or transformed sections.,

The final design involves the checking of the stresses in the concrete at transfer and
service loads, with respect to the allowable stresses. This is a very important step of the
final design. Since, the allowable stresses depend on the type of member - Type 1, Type 2

or Type 3, the equations vary for the different types.

When we learn the equations, we shall use the properties of the gross section instead of
the net or transformed sections for simplification of calculations. We had seen earlier in
the analysis of members that if we use more rigorous calculations based on the net or the
transformed sections, we do not gain much accuracy than the calculations based on the
gross section. Hence, for simplicity we are using the properties of the gross section. But
in a special situation, if we feel that the properties of the gross section may not lead to

accurate solutions, then we may use a net or the transformed section properties.

In the final design, the steps are explained for Type 1 and Type 2 members. The steps for
Type 3 members are similar to Type 2 members, the only difference being the value of
the allowable tensile stress in concrete. In this lecture, we shall first learn the design of
Type 1 members. In the following lecture, we shall learn the design of Type 2 members.
We shall not study the design of Type 3 members, specifically, because it is similar to the

design of Type 2 members.



We move on to the final design of Type 1 members.
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Design of Sections for Flexure

Fimal Design lar Type 1 Members

For Type 1 members, no tensile stress is allowed at
transfer or under sarvice loads,

For small moment due to sell-weight (M__ < 0.3 My), the
steps are as follows.

To recollect, for Type 1 members no tensile stress is allowed at transfer or under service
loads. For small moment due to self-weight, say Mg, less than 30% of the total moment,

the steps are as follows.

(Refer Slide Time: 10:23)

Design of Sections for Flexure

Final Design for Type 1 Members

1) Calculate sccentricity @ bo locate the controid of the
prestressing steel (CGS).

With increasing load, the compression [C) moves
upward from the lacation of the tension (T) at CGS. At
transfar, under the self-weight, C should lie within the
kern zone bo avold tensile stress ot the top. The kem
points and kern rone ane explained in the Module of
“Analysis of Members Under Flexure®,




First, calculate the eccentricity (e) to locate the centroid of the prestressing steel, which is
denoted as CGS. We had learnt earlier that with increasing load, the compressive force C
moves upward from the location of the tension T at CGS. At transfer, under the self-
weight, C should lie within the kern zone to avoid tensile stress at the top. The kern
points and the kern zones were explained in the module of analysis of members under

flexure.
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Design of Sections for Flexure

Final Design for Type 1 Members

The lowest permissible location of © due to sell-welght
is af the botlom kern point (at a depth k, below CGC) o
avoid tensile stress at the top,

The design procedure based on the extreme location of
C glves an economical section.

Thus, the lowest permissible location of C due to self-weight is at the bottom kern point,
which is at a depth k, below the CGC, to avoid tensile stress at the top. The design

procedure based on the extreme location of C gives an economical section.
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Design of Sections for Flexure

Final Design for Type 1 Members

The tollowing sketch explains the lowest permissible
location of C due to seil-weight moment (M__] at transfer.

1}

Internal force Stress in
In concrete concrele

Let us understand the calculation by the help of a diagram. At the time of prestressing,
the C coincides with T. When the transfer is over and the member has deflected upwards,
then the self-weight has started to act. When the self-weight acts, the C shifts upward
from T. For a Type 1 member, this upward shift should be such that the C enters the kern
zone to avoid any tensile stress at the top. Thus, the lowest position of C is at the bottom
kern point which is at a depth k, from CGC. The procedure based on the lowest CGS,
and hence the lowest location of C at transfer gives an economical section. When C is at
the bottom kern point, then the stress in the concrete is triangular with zero at the top and
f, at the bottom.



(Refer Slide Time: 13:59)

Design of Sections for Flexure

Final Design for Type 1 Members

From the previous sketch, the shift of C due to seif-
weight gives an expression of e

o= (M_IPy + K, [db-1)

Here, the magnitude of Cor T is equal to P, ihe
prestress at transfer after initial losses,

From the previous sketch, the shift of C due to self-weight gives an expression of e.
e = (Msw/Po) + Kp

Thus, we have got an expression of e from the quantities which are known to us. We have
already calculated My, for the selected section. We need to estimate P, from the value of
Ayp; and Ky is known for the trial section. Here, the magnitude of C or T is equal to Py, the

prestress at transfer after initial losses.

10
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Design of Sections for Flexure

Final Design for Type 1 Members
The value of P, can be estimated as follows.

1) 9% of the Initial applied prestress (P) for pre-
tensioned memibers.

The value of Pq can be estimated as follows.

1) For a pre-tensioned member, we know that there is a loss due to elastic shortening
from the value of force that we measure in the jacks. To estimate the prestressing
force after the losses due to elastic shortening, we can consider that Pg is equal to
90% of the initial prestressing force which has been applied by the jacks. Thus,
for pre-tensioned members Py = 0.9P; where P; is the initial prestressing force

measured in the jacks.

11
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Design of Sections for Flexure

Final Design far Type 1 Members (jcontinued. ..
2) Equal ta P, for post-tensioned members.

The value of P can be estimated from the amount of
prestressing steel determined in the prefiminary
design.

P= A (0BT, [i#b-2)

Here, the permissible prestress in the steel is 0.8 ..
where {, is the characteristic tensile sirength.

2) For a post-tensioned member, we can neglect any loss due to elastic shortening, if
there is a simultaneous stretching of all the tendons. Even if the tendons are
stressed sequentially, the elastic shortening can be neglected at this point. Hence,

we can equate the value of Py to P;.

The value of P; can be estimated from the amount of prestressing steel determined in the
preliminary design. P; = A,(0.8 fy). Here, the permissible prestress in the steel is 0.8fy
where fy is the characteristic tensile strength. We had known earlier that the code does
not allow to stretch the tendons beyond 80% of their characteristic strength because, there

will be more relaxation loss and also because of the safety reasons.

Once we know P, we are able to estimate e.

12
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Design of Sections for Flexure

Final Design for Type 1 Members

2] Rocompute the effectiée presiress P, and the area of
prestressing steel A,

‘With increasing load, C further moves up. Under the
sarvice loads, C should le within the kem 2one (o
avoid tensile stress at the bottom. The highest
permizsible location of C due (o total load s 3l the lop
kern paint (ot a height k, above CGC) to avoid tensile
stress ai the bottom.

Our next step is to recompute the effective prestress P, and the area of prestressing steel
Ap. With increasing load, C further moves up. Under the service loads, C should lie
within the kern zone to avoid tensile stress at the bottom. The highest permissible
location of C due to the total load is at the top kern point, which is at a height k; above

CGC to avoid tensile stress at the bottom.

(Refer Slide Time: 17:52)

Design of Sections for Flexure

Final Design for Type 1 Members
The fallowing skelch cxplains the highest possible
location of C due to the total moment (M),

13



Let us understand this with the help of the sketch. When the total moment is applied
during service conditions, C has shifted further upwards. For a Type 1 member, C has to
lie within the kern zone to avoid any tensile stress. The highest location allowed for C is
the top kern point. In that situation, the stress block in concrete is triangular with zero

stress at the bottom.

Thus, for both at transfer and for service, we have satisfied the allowable tensile stress in

the concrete, which is zero for Type 1 member.

(Refer Slide Time: 18:51)

Design of Sections for Flexure

Final Design for Type 1 Members

From the previous figure, the shift of C due to the ot
mament ghies an expression of P,

P, = Myplie+ i) 4h-3]

Considering f, = 0.7f, , the area of prestressing steel
is recomputed a3 followa,

A=Pif, {4b-4)

From the previous figure, the shift of C due to the total moment gives an expression of
P.. At this stage, we are recomputing P, based on the maximum shift that we can have
for the compressive force. This also gives an economical section, because if we have the
maximum shift, then we have the lowest value of the prestressing force. The lever arm of

the shift of C is equal to e + k;.
Pe = Mt/(e + ki)

Considering fp. to be equal to the 70% of the characteristic strength of the prestressing

steel, the area of prestressing steel is recomputed as Ap = Pe/fpe.

14



(Refer Slide Time: 20:28)

Design of Sections for Flexure

Final Design for Type 1 Members
1) Recompuie eccentricity e

First the value of Py is updated. The eccentricity @ is
recompuled with the updated value of P,

it the variation of @ from the previous value s large,
another cycle of computation of the presiressing
variabbes can be undertaken.

Once we have got the value of P, we are again recomputing eccentricity e. First, the
value of Py is updated. Then, the eccentricity is recomputed with the updated value of Py.
If the variation of e from the previous value is large, another cycle of computation of the
prestressing variables can be undertaken. We converge to a set of results which gives the
maximum possible e, the lowest possible P, and simultaneously satisfying the allowable
tensile stress in the concrete (which is zero for Type 1 member). Next we check the

compressive stresses in the concrete.

15
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Design of Sections for Flexure

Fimal Design for Type 1 Members

4) Check the compressive stresses in concrote,

The maximum compressive siress in conereie should
b limited to the allowable values.

At transfer, the stress at the bottom should be Hmiled
ta f, o, where £, is the allowable compressive
stress in concrete at transfer (available from Fig. 8 of
15:1343 - 1980).

The fourth step is to check the compressive stresses in concrete. The maximum stress in
concrete should be limited to the allowable values. At transfer, the stress at the bottom
should be limited to fcc i, Where feca is the allowable compressive stress at transfer and
this is available from Figure 8 of IS: 1343-1980.

(Refer Slide Time: 21:57)

Design of Sections for Flexure

Final Design for Type 1 Members

4) Check the compressive stresses in concrete.
[continued...]

At service, the siress at the top should be lmited o Ff___,,
where f_ _, is the allowable compressive stress in
concrele under service laads [svailable fram Fig, 7 of
151343 - 198:0),

16



At service the stress at the top should be limited to fcc a1, Where fecay is the allowable
compressive stress in concrete under service loads, which is available from Figure 7 of
IS: 1343-1980.

(Refer Slide Time: 22:51)

Design of Sections for Flexure

Final Design for Type 1 Membars

a) At Transier
The stress at the bottom can be calculated from the
IVETEGE SITess —F 8.

At transfer, for a triangular stress block, the stress at the bottom can be calculated from
the average stress — Po/A at the CGC. Here, we are calculating the stress in a simplified
way. Instead of writing the stress in terms of individual components of a uniform stress
and a varying stress, we are writing directly from the proportionality of the triangle. The
stress at the bottom is f, = —Po/A x h/C;,

17
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Design of Sections for Flexure

Final Design for Type 1 Members

a) Al Transier

Ta satisfy

It A s not adequate then the section has to be redesigned.

We have to satisfy that the numerical value of f, should be less than or equal to fecan. TO
satisfy this, the area of the section should be greater than Poh/f.c i Ct. Thus, here we have
a constraint that the area of the selected section has to be greater than a certain value. If
the area that we have selected for the trial section is not satisfying this, then we have to
redesign the section. Thus, we come to a point, where the section that we have selected in
the preliminary design may not be adequate. We may have to increase the section, if the

area is not satisfying the minimum requirement.

18
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Design of Sections for Flexure

Final Design for Type 1 Members

by At Servics
The stress al the top can be calculated from the
average stress —F (A,

To check the stress at service conditions, we are calculating the maximum compressive
stress at the top. From this figure, we find that the maximum stress at the top is
proportional to the stress at the CGC. From the similarity of the triangles, we find f; = —
Po/A x hlcy,. Note that, here, we are considering the effective prestress at service

conditions.
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Design of Sections for Flexure

Finml Design for Type 1 Members

b At Service

To satisfy L=t

=

Ph
e

A'.

It A s not adegquate then the section has to be redesigned.

19



We have to satisfy that the numerical value of the stress at the top should be less than the
allowable compressive stress for the service conditions. This brings in another condition
for the area of the section, A should be greater than Peh/fcc aiiCph. Again, just like last time,
if the area of the section is not adequate for the trial section that we have selected from

preliminary design, then we need to update the section by increasing its area.

Thus, first we satisfied the allowable tensile stress and determined the prestressing
variables. Then we checked the compressive stresses. If the compressive stresses are not
within the allowable values, then we have to redesign the section.

There is a special case for the Type 1 members.

(Refer Slide Time: 27:22)

Design of Sections for Flexure

Special Case

For large moment due (o self-weight (M, > 0.3 M}, the
eccaniricity o according to o= (M_I P} + k, may violale the
cover requirements or, may even lie outside the beam. in
such cases, locale & as Per cover requirements.

The calculations that we have shown are for a member where the self-weight is smaller
compared to the total moment. For large moment due to self-weight, that means, if the
self-weight itself is greater than 30% of the total moment, then the eccentricity e which
has been calculated from the expression (M,/Po) + k, may violate the cover requirements

or may even lie outside the beam. In such cases, locate e as per the cover requirements.

Hence, this is another constraint for the value of e, that the CGS should be in such a

distance that we satisfy the cover requirement for the bottom most tendon.

20
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Design of Sections for Flexure

Special Case

The location of C at transfer will be within the kern zone
without rero stress ot the top. The expression of siress
at the botiom i different from that given eardier,

The other stops ame same as before.

When e is determined based on the cover requirement, then the location of C at transfer
will be within the kern zone, without zero stress at the top. The expression of stress at the

bottom is different from that given earlier. The other steps are same as before.
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Design of Sections for Flexure

Special Case
Al trensfer, (he siress o the bollom |s calculaied as lollows.

a— M, P, Cif=

At transfer, the stress at the bottom is calculated from this stress diagram. The location of
C from the CGC is given by e minus the shift due to the self-weight moment, which is

equal to e — Mq,/Py. Since we do not have a triangular stress block anymore, we cannot

21



use the proportionality equations as before. We are calculating the stress at the bottom,
based on the individual components, the uniform and varying components. The stress is
equal to — Po/A — Pg(e — Mgw/Po)cp/I.

(Refer Slide Time: 31:05)
Design of Sections for Flexure

Special Case

Substituting [ = Arf and e, = k,

o)
R
K,

£l
Al

Substituting | = Ar?, where r is the radius of gyration, and r’c;, = k; which is the distance
of the top kern point from the CGC, we get f, = — Po/A[1 + (e — Mgw/Po)/Kk¢]. This is the
expression of the stress in the bottom, when e is determined based on the cover

requirement.

We have to satisfy that fy is less than f. 5, and once we write the inequality equation, we
have the condition that A > Po/fccan [1 + (e — Msw/Po)/K¢]. The rest of the steps for the

special case are same as those for Type 1 member.

22
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Example 4b-1

Design a simply suppored Type 1 prestressed beam with
M, = 435 kNm (including an estimated M, = 55 kNm). The
height of the beam is restricted to 520 mm." The presiress al
transfer fi, = 1035 Nimm? and the prestress al service f_, =
BED Mimme.

Based on the grade of concrete, the allowale compressive
siresses are 12.5 Nimm? at transfer and
11.0 Nimm* at service.

The properties of the prestressing strands are given bedow.
Type of prestressing tendon ;| T-wing strand

Nominal dlamater =128 mm

Nominal area = 99.3 mm?

Let us understand this design process with the help of an example. Design a simply
supported Type 1 prestressed beam with Mt = 435 kKNm, which includes an estimated
Msw = 55 KNm. The height of the beam is restricted to 920 mm. The prestress at transfer
foo = 1035 N/mm? and the prestress at service f,e = 860 N/mm®. Based on the grade of
concrete, the allowable compressive stresses are 12.5 N/mm? at transfer and 11.0 N/mm?
at service. The properties of the prestressing strands are given below. The type of
prestressing tendon is 7-wire strand, with the nominal diameter = 12.8 mm and the

nominal area = 99.3 mm?.

23
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Solution

A) Preliminary design
The vaiues of i and M, are given,

1) Estimabe lever arm z

use

First, we are doing the preliminary design. For this problem, h = 920 mm and My, is
given. We are estimating the lever arm z based on the ratio Mg, /M. The ratio is equal to
55/435 = 12.5%. Since My, is less than 30% of M+, we are estimating z to be 50% of the

total height, which is equal to 0.5 x 920 = 460 mm.

(Refer Slide Time: 35:20)

Sodution

2) Estimate the effective prestress.

Moment due io imposed loads M, =M -M_
421555

380 kNm

Effeciive presiress "

480

24



Next, the effective prestress is estimated. Since, the self-weight moment is small, the
prestress will be more governed by the moment due to imposed load. M. is equal to the
total moment minus the moment due to the self-weight, which is equal to 435 — 55 = 380
kNm. The effective prestress is equal to the moment due to the imposed load divided by

the estimated lever arm, which is equal to 380 x 10%/460 = 826 kN.

(Refer Slide Time: 36:10)

Solutbon

1) Estimate the area of the prestressing stesl.

P

L r'-

826« 10"
850

a6 mm’

From the estimate of the prestressing force, we are estimating the area of the prestressing
steel which is A, = Pe/f,e = 826 x 10°/860 = 960 mm’.

25
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Solution

4 Estimate the area of the section io have average stress
in concrete equal to 0.5 1, .

P
0.5f,

i | 1|

826 10°
0.5=11.0

150 10" mm

The following trial section has the required depth and area.

We are estimating the area of the cross-section to have average stress in concrete equal to

0.5 times the allowable compressive stress at service. A = P / 0.5 fecan = 826 x 10%/0.5 x

11.0 = 150 x 10° mm? At this stage, we have to select a trial section which satisfies this

requirement. We are selecting a symmetrical 1-section with the following dimensions.

(Refer Slide Time: 37:46)

Solution

Trinl cross-section

100 |

Values in mm.

26



The total depth is restricted to 920. The depth of the flange and the width of the web are
selected as 100 mm. Given the required area, we can calculate the flange width for the
section. The flange width comes out to be 390 mm. The section is symmetric about the

horizontal axis.

(Refer Slide Time: 38:10)

Solutbon

B) Calculation of geomeiric properties

The section is symmetric about the horizontal axis. Hence,
the CGC les at mid depth. The section & divided into
three rectangles for the computation of the geometric
properties,

Next, we are calculating the geometric properties of the section. Since the section is
symmetric about the horizontal axis, the CGC lies at mid-depth. The section is divided
into three rectangles for the computation of the geometric properties. There are two
rectangles for the flanges and another rectangle for the web in between the flanges. The

distance of the centroid of the top rectangle from the CGC is 410 mm.

27
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Solution

Check area of the section 4- 24 + A,
2o (390 = 100) + (T30 = 100)
150,000 mm’

Momont of inertia of the section about axis through CGC

fu 20, 4,

i ). 1
F __ «390:100" & (300 100] = 4107 |+
~ 3 ) 1 12

1.6287 = 10™ mm*

To check the area of the section: the total area is equal to 2 times the area of Rectangle 1
plus the area of Rectangle 2. Substituting the areas of the rectangles, area of the section A

=150 x 10° mm?, which was the minimum requirement based on the preliminary design.

We are calculating the moment of inertia of the section about the axis through CGC. I is
equal to 2 times the moment of inertia of Rectangle 1 plus the moment of inertia of

Rectangle 2.

The moment of inertia of Rectangle 1 is available from the parallel axis theorem. First,
the moment of inertia about its centroidal axis is calculated. Next, a term is added which
is equal to the area times the distance squared, where the distance is between the centroid
of the rectangle and the CGC of the section. For Rectangle 2, the moment of inertia is
given by the expression about its centroidal axis, since the centroidal axis coincides with
the CGC. Substituting the values, | = 1.6287 x 10*° mm?*.

28
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Solulbon

Square of the adius of gyration

!
A

r:

1.6287 « 10"
150,000

108,580 mm'’

The square of the radius of gyration, r* = I/A. Substituting the values of | and A, r* =
108,580 mm?”.
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Solutbon

Kern levels of the section

Since the section is symmetric about the horizontal axis, the two kern levels are same: k;

=k = r/c; = 236 mm.
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Solution

Summary after preliminary design
Properiies of section

A= 150,000 mm?

=1 8287 x10'® mm

€5 = Gy, = 460 mm

k.= i, = 236 mm

Properties of prestressing stesd

A, =960 mm?
P = 826 kN

Thus, after the preliminary design, the properties of the section are as follows.
A = 150,000 mm?

| =1.6287 x 10" mm*

Ct = Cp = 460 mm

ki = kp = 236 mm.

For the prestressing steel, the estimated area A, = 960 mm? and P, = 826 kN.

The next stage is the final design, where the eccentricity of the CGS is calculated.
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Soluthon
) Final design

1) Calculate eccontricity o

P AL,

B0 1035

9.6 kN

Initial prestress Po = Ap fpo = 960 x 1035 = 993.6 kN. With that value of Py e = Msw/Po
+ kp = 290 mm, which is the maximum eccentricity that we can allow to have a Type 1

member with no tensile stress at the top during transfer.

(Refer Slide Time: 43:40)

Solutbon

1) Recompute the effective prestress and associated
variables,

43510"
290 + 238}

BIT kN

Sinca P, is very close o the previous estimate of 526 kN,
A, Py and e remain sams. .
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We are recomputing the effective prestress and associated variables with the value of e.
P. = M+1/(e + ki) = 827 kN. Since the effective prestress in the final design is very close
to the previous estimate of 826 kN, A,, Po and e remain the same.

(Refer Slide Time: 44:37)

Zolutkon

2} Recompuie the effective presiress and associated
variables |continued. . ),

Select (10) 7-wire strands with A_ - 10« 5.]

993.0 mm’

The tendons ane piaced in two dects. The ouler diameter
of sach duct is 54 mm.

We are selecting ten 7-wire strands with A, = 10 x 99.3 = 993.0 mm? The tendons are

placed in two ducts. The outer diameter of each duct is 54 mm.

The information of ducts is available from the supplier. Based on how many strands can
be placed in each duct, the number of ducts is selected.
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(Refer Slide Time: 46:10)

Solutkon
1) Check the compressive stresses in concnole.

Al transior Al service

Ph

]:1'. 'tl

P
Y
f

rr_dcl

992.8 <520 82T « 50
12.5 = 460 110« 460

158,978 mm’ 150,364 mm’

The govarming value of 4 is 158,976 mm®. The section
needs to be revised.

We are calculating the compressive stress in concrete. At transfer, A should be greater
than Poh/fecanCi. Once we substitute the values of the variables, we find that A should be
greater than 158,976 mm? At service, the area should be greater than Peh/fec aiCs.. Once
we substitute the values, we find that A should be greater than 150,364 mm?. Thus, we
have two conditions for the area of the section, and we select the higher value out of the
two. The governing value of A is 158,976 mm?. Since the selected section has an area of

150,000 mm?, the section needs to be revised. The trial section is not satisfactory.
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Solutbon

The width of the flange is increased to 435 mm. The area
of the revised section is 158 000 mm?,

Anocther sed of calculations can be done (o calculate the
geomelric properties precisely.

The width of the flanges is increased to 435 millimeters. The area of the revised section is
159,000 mm?, which is greater than the required value. At this stage, we can have another
set of calculations with the new geometric properties. But we are skipping this step
because the updated values come very close to what we have calculated, and the amount

of steel that we have provided will be found to be satisfactory.

(Refer Slide Time: 48:22)

Solulbon

Designed cross-section al mid-span
4315

100]
100

[10) T-wire strands
with P, = 394 kN
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Hence, the designed cross-section at mid-span is as follows. The width of the flanges is
435 mm, which has increased from the earlier value of 395 mm. The total depth is 920
mm satisfying the restriction. The breadth of the web, and the depth of both the flanges
are equal to 100 mm. The CGS is located as down as possible, satisfying the requirement
of no tension in the section. The CGS is at a depth of 290 mm from the CGC. The
required amount of steel is satisfied by nine numbers of 7-wire strands. They are placed
in two ducts; one shall have 5 and the other 4. The ducts can be placed close to each other
about the location of CGS, satisfying the minimum distance between them. The effective
prestress at transfer should be equal to 994 kN. Thus, we have designed a Type 1 section
based on the requirements of the moment, the depth of the section, and the allowable

stresses for concrete under compression.

(Refer Slide Time: 50:17)

Summary

Design of Seclions for Flexure
Final Design
Fimal Design for Type 1 Members
Special Case

In today’s lecture, we studied the design of sections for flexure. Specifically, we studied
the final design of Type 1 members. First, we reviewed the preliminary design. We found
that after preliminary design we have a trial section, and the self-weight of the member
from which we calculated the total moment. We also have the estimate of the lever arm,
from which we calculated the effective prestress and the area of the prestressing steel.

After the preliminary design, we moved on to the final design. The final design is based
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on the type of section. We have seen that the code allows us to design three types of

prestressed concrete members.

In a Type 1 member, no tension is allowed at transfer or at service. In a Type 2 member,
tension is allowed, but it should be limited to a certain value, such that there is no flexural
cracking. For a Type 3 member, there can be cracking but the tension will be limited to a

value such that the crack width is limited.

We also found that the Type 1 members, and the Type 2 and Type 3 members fall in two
different groups. In a Type 1 member we cannot have tension, whereas, in Type 2 and
Type 3 members we can have tension. We are learning about these two groups of

members separately. Today, we learnt the final design of Type 1 members.

In the final design, the first variable to calculate is the eccentricity. We calculate the
eccentricity from the condition that the compressive force shifts up from the CGS to the
kern zone. To have an economical section, we are maximizing e such that, C is at the
bottom kern point at transfer. From this condition, we found an expression of e. Once we
know e, we are calculating the effective prestress, which is equal to the total moment M+
divided by the shift in the C from the CGS to the uppermost point that is possible. For a
Type 1 member, the uppermost point of C is at the top kern point. Hence, we are able to
maximize the lever arm such that the prestressing force is less. Once we calculate the
effective prestressing force, we can calculate the area of prestressing steel required, based
on the effective prestress. Once we have calculated the amount of prestressing steel, we

can recompute the eccentricity by a new value of the prestressing force at transfer.

If the new value of e is similar to the previous value of e, then we are satisfied with the
values of the prestressing variables that we have computed. If the new value of e is
different from the previous value, then we may do another cycle of computations for the
prestressing variables. Once we have known the prestressing variables, we have to satisfy
the compressive stresses in the section. To satisfy the compressive stresses, we have seen
two conditions for the area: one to satisfy the compressive stress at the bottom at transfer
and another to satisfy the compressive stress at the top at service. The area of the section

has to be greater of the two values. If our trial section satisfies these conditions, then it is
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okay; but if the trial section is not adequate, then we have to revise a section such that we
meet the conditions of allowable compressive stress. We may have to do another cycle of

the computation of the prestressing variables.

We learnt a special case of Type 1 members, where trying to maximize e based on the
lowest possible location of C at transfer may lead to a value which violates the cover
requirements or it may even lie outside the section. In such a situation, we have to
calculate e based on the cover requirements. Then, C will not lie at the bottom kern point,
but will lie somewhere within the kern zone. The stress block is not triangular, but is
trapezoidal. Since the compressive stress at the bottom has to be less than the allowable

value, there is a condition of the area of the section.

With this knowledge of the final design of Type 1 members, we studied one design
problem. In the problem, the total moment and the depth of the section were given. The
allowable stresses were given based on the grade of concrete. The properties of the
prestressing steel were also known from the type of steel used. The effective prestress
and the prestress at transfer were given. We first did the calculations for the preliminary
design, and found the required area of the section.

We selected an I-section with a certain flange width, where we satisfied the height
requirement. Once we got the trial section, we calculated the geometric properties of the
section. Next, we moved on to the final design of the section. We found that the selected
section was not adequate to satisfy the allowable compressive stress in concrete. Hence,
we had to update the section; we increased the flange width while maintaining the height.
We could have recomputed the prestressing variables once again, but it was found that

the values were very close to those calculated earlier.

Hence, the prestressing variables that we had calculated were satisfactory, from which we
calculated the number of strands and the total prestressing force that we need for the
section. With this, we come to an end of the design of Type 1 members. In our next class,

we shall move on to the design of Type 2 members.

Thank you.
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